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The co r rec t r e s u l t s cannot be obtained from Langevin's theory 
because a bas ic f a l se assumption i s made. Langevin assumed a continuous 
Boltzmann d i s t r i b u t i o n of magnetic moment d i rec t ions with r e spec t to the 
appl ied f i e l d . The quantum theory shows t h a t only c e r t a i n d i sc re te 
d i r e c t i o n s are pe rmis s ib l e . 

The nature of t h i s d i s c r e t enes s can be shown in terms of the 
vector model of the atom. This i s done in Appendix I I . 

However, l e t us now re turn to the Langevin theory of para ­
magnetism. Instead of considering a l l d i r ec t i ons of magnetic moment 
p o s s i b l e , we w i l l assume only ce r ta in d i s c r e t e d i r e c t i o n s are p o s s i b l e . 
For a l a rge poss ib le number of a l lowable d i r e c t i o n s , we would expect the 
r e s u l t to approach t h a t of Langevin. This i s the c a s e . In our c a l ­
c u l a t i o n s , however, we w i l l consider only the other extreme case 
wherein only two poss ib le o r i e n t a t i o n s e x i s t . In one o r i en t a t i on the 
magnetic moment i s +M (Cos 6 = +1) , in the other o r i e n t a t i o n i t i s -M 
(Cos $ = - 1 ) . We w i l l s t i l l assume a Boltzmann P r o b a b i l i t y Law in 
determining the weighting f ac to r to be app l i ed to each d i r e c t i o n . We 
then proceed as Langevin d id to determine M, but in t h i s case we sum 
over the poss ible d i r e c t i o n s ra ther than i n t eg ra t i ng over an e n t i r e 
range of va lues . 
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Therefore, for MH « RT 
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There are many dev ia t ions from equation V - 2 due 
to e l e c t r o n i n t e r a c t i o n . A more general equa t ion i s 

C 
T^5 ( v - 3 ) 

where the s ign i f icance of 8 i s not the same for a l l m a t e r i a l s . 
I t i s dimensionally a temperature and many paramagnetic mate r ia l s become 
ferromagnetic below t h i s p o i n t . This i s n o t t r u e in a l l c a s e s . On the 
o ther hand, a l l ferromagnetic ma te r i a l s become paramagnetic a t temper­
a t u r e s above G. 

Some General Paramagnetic. P r o p e r t i e s 

When many atoms a re close t oge the r , the var ious e l ec t ron 
o r b i t s and sp ins a re usual ly so a l igned as to tend to cancel ou t , giving 
no n e t e f f e c t . 

The major exception amongst the paramagnetic ma te r i a l s 
occurs amongst the r a r e ear th m e t a l s . Here i t has been found t h a t 
t h i s i s caused by the spin alignment of e l e c t r o n s which are deep 
wi th in the atom and not as sub jec t to ex t e rna l i n t e r f e r e n c e . 

I t has been found t h a t i ron vapor has a neg l ig ib le magnetic 
e f f e c t compared to the so l id c a s e , which i s the opposi te of what might 
be expected. Fu r the r , compounds containing i r o n such as FeSO^ are more 
magnetic than i ron v ; p o r . In FeSO],, an e l e c t r o n was knocked out of 
i r on atom, fo rming jne ta l l i c i o n . In ionic so lu t ion the ex t ra e l e c t r o n 
was captured by SOf" ion . So apparen t ly knocking out an e l ec t ron p r o ­
duced magnetic moment where i t had n o t p rev ious ly e x i s t e d . This and the 
small magnetic moment of i ron vapor would tend to ind ica te t h a t i r o n ions 
r a t h e r than i ron atoms are respons ib le for the huge magnetic moments 
found. 

To understand t h i s , l e t us look a t i r o n in the s o l i d form. 
The ou te r e l e c t r o n s , being very d i s t a n t from t h e i ron nucleus , are sub­
j e c t t o r e l a t i v e l y small inf luence by the n u c l e i . They tend to e x i s t 
as free e l e c t r o n s forming an "e l ec t ron gas* in the m a t e r i a l . The i ron 
i s thus in i on i c form with a s t rong magnetic moment. 
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Two strong paramagnetic gases are oxygen (O2) and n i t r o u s 
o*Lde (NO). In both cases the e lec t rons holding the atom together have 
the i r spins a l igned p a r a l l e l to each o the r . The ca l cu l a t ions showing 
t h i s for the case of o y g e n were made by S l a t e r and Meckler on Whirlwind 
I . 

In the case of f ree e l e c t r o n s , the paramagnetic tendency 
to a l ign t h e i r spins i s th ree times as s t rong as t h e i r diamagnetic ten­
dency to move in o r b i t s perpendicular to the appl ied f i e l d . 
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