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an Intensity of up to 150 kOe at var- 

ious temperatures above the Curie 

point.  The Curie temperatures and 

temperature intervals of the measure- 

ments for each alloy are given in the 

table.  Six alloys were studied whose 

compositions approximated the criti- 

cal concentration corresponding to 

the transition of the system from the 

ferromagnetic to paramagnetic state. 

The methods used to produce the mag- 

netic field and for measuring were 

described earlier in [1].  The mag- 

netic moment in the strong field was 

measured with an accuracy of 2%.     All 

the alloys were subject to homogeniz- 

ing annealing for 96 h at 1100°C. 

The uniformity of the alloys was ver- 

ified by an X-ray microanalyzer. 

There were less than 0.0158 impurities 

in the samples. 

A number of articles [2-4] give 

the results of measuring the Curie 

temperature T for alloys in the 

Cu-Nl system.  However, in view of 

the divergence of the data presented 

relating to the alloys having Curie 

temperature values from 2 to 40°K, 

it was necessary to conduct Indepen- 

dent measurements of T for the sam- 
c 

pies under consideration. The curve 

of the dependence of initial suscep- 

tibility on temperature obtained in 

& 
0" 

M 

1 15=2 

* 
CO 

CD 

U 
Cd 

1   . 

1     ""• 
**• rChTrCrsT 

C 
w 

to 

« 
r» r- t^ r«. r- 

H 

CM 

0 

'O 
0 

2 
Xi 
p 
CD 

E 

(11 

s 
**3 
X 
1 

"',."."!'.N. 

Xi 
P 

>s £• 

SXffiSN 

"0 
CD 

c 
•H 
g 

O — 2 i2"il"2" 

M 
CD 

P 
CD 

T3 

T 
-«.£->" 

to 
M 
O 
P 
CD 

£ 
cd 
u 
Cd 
Q, 

<M 

C 

_ 

•Ji 

! 

'; - L* ~." .** -5* 

1 

1) 

01 
1                      - 
i 

> 
rH 
cd 
0 

•H 
U 
D 
ft 

£5 

ii" 
*.ri=, r."". 

• 

[T-4.*. 

1 

2  t 
;i/ c z • •• 

I 
u 
CD 

a 
CO 

p 
O 

c 
T5     CO 

p 

cu 
u 
cd 

< 

cd 

p 

cd 
C 
O 
•H 
CO 

c 
CD 
s 
•H 

o     CD 
«—'     CO 

T3  O 
X  sz, 
<   5 

cd 
> 
U 
CD 
P 

C 

CD 
U 

P 
cd 
rH 
CD 
a 
£ 
o 
P 

P 
c 
CD 
e 
a; 

co 
cd 
D 
6 
O 

P 

to 
•H 

EH 

<D 

<D 
X 

p 

cd 

er • 
CO 

CD P 

•   O 
CO «H 
?-. P 
CD 
P 
CD  b0 
& cd • 
••d 6 P 
k o cd 
cd *4 
ap • 

o c 
bO 0) O 

H 
•H   CD P 
73 
C  C  W 
O -H   O 
a    a 
w ß S 
CD  CD  O 
U  >   O 

o to >, 
O 

CD H 
fc  rH 
cd < 

o 

4H   CD rH 
O  Pv_- 

cd 
CO   O 
C -H   •• 
O T3 5H 
•H   C JJ 
CO «H *: 

FTD-HT-23-748-74 



a slightly variable magnetic field was recorded on  a two-coordinate 

curve-drawing instrument.  The temperature at which the initial 

susceptibility achieved its maximum value was identified with the 

alloy Curie temperature.  The T values obtained agree well with 

the data supplied by Robbins, Claus and beck [2]. 

The drawing depicts the dependence of the magnetic moment of 

two samples on  the magnetic field at various temperatures.  The 

experimental curves for other alloys iiave a similar shape.  The 

tendency of  the obtained curves toward saturation in the region of 

large fields, as weil as the data of other authors [5] which confirm 

the presence oT  the heterogeneous distribution oT  magneticity in 

Cu-vli alloys, makes it necessary to take into consideration the 

susceptibility x  which is associated with the magnetic clusters. 

The susceptibility oT the paramagnetic alloys under consider- 

ation in a strong field can, in a way similar to the work of Foner 

and associates [6], be represented in the form of the following sum: 

X - X* + Xt ~ Xw + 7..VU + £.7. (1) 

where v  is the Faul! spin susceptibility of the s-electrons; X- is 
's a 

the Pauli sein susceptibility of the d-electrons: x   is the 

diamagnetic susceptibility of the electrons of the filled shells 

and conduction electrons, ^ la  the Van Vleck paramagnetic suscep- 

tibility. To  obtain information concerning the band structure oT 

the alloy being studied it is necessary to isolate the Pauli 

susceptibility XJ of tne d-band electrons from sum (1).  The contri- 

bution oV  x J X t  and x   > which enter into CD can be evaluated. 
s   vv      £•> a 

Tue paramagnetic susceptibility of the s—band electrons \    is 
-i • r' 

J.J'IJ  electromagnetic units per cm for '.11  [6j.  Theoretical 

calculation of the Van VIOCK susceptibility v  for Mi, accomplished 

by Shimizu [7j> produces the quantity l.i'iO ' electromagnetic units 

per cm , wnich agrees als«: with the estimates made in [e.j.  We assume 

that on i i -... s uscep t is i. .j. j Tr.v ji tne 'in. y.' uirit.-r study e^uaj.s the 

fVL-Ui-ij-i 4o-f 4 



Van Vleck susceptibility of Ni multiplied by the Mi concentration 

in the alloy, since the Cu d-band is completely filled and cannot 

contribute to x 'VV 

An evaluation of the diamagnetic susceptibility of  the alloys 

under study can be made on the basis of measuring the magnetic 

susceptibility of a Cu ion whose d-band is filled.  The measured 

ionic susceptibility of Cu is x 
flna « -2.5-lcT

6 electromagnetic units/ 

cm-3 [8].  Calculation of  the diamagnetic susceptibility of Ni [9], 

which is included in evaluating the entire electron shell of the 

atom except for 4s-electrons, yields the quantity -3-3'10~ electro- 

magnetic units/cm .  We assume that the experimentally determined 

diamagnetic susceptibility of the Cu ion, which equals -2.5-10~L 

el. magn. units/cm .. can be viewed as the upper limit of x  , for 

the samples under consideration, since the ?  band in Ni is not filled 

completely, it is Known that the d-electrons specifically make the 

main contribution to diamagnetic susceptibility. 

H, Icoe 

H. kOe 

Dependence of magnetic moment of Cu-Nl alloy at various 
temperatures:  a) sample of 43.S at. %  Mi + 56.2 at. % 
Cu; b) sample of 39-2 at. %  Mi + 60.8 at. %  Cu. 



X. + Xrv T x ,, *Z 0,9 10-e - 1,1 • 10- '••0.5 - 2.5-10-* * 1 10"\ 

and the maximum contribution fvor.  these susceptibilities 

than 10% oV  the experimental susceptibility quantities. 

Is   ±e 

The expression  for  v     iiaJ  the  following  form [10 

where 

X-(0)«2M/.V(f,)!l-^|.V(e,)}-|f 

ß - «Avu ;[ 1 - /.**(*) ]-3,    v *= [~ - 3 (-— ) ] 

here -i(t) is the density of the states: J «p is the energy of c 11 
exchange  interaction  and et1  is  the  Fermi  energy. 

(2) 

C-ia) 

(2b) 

The average magnetic :rK...ent in a cluster is 8-i«Ü iirj [;;j, and 

therefore tne behavior of the clusters in the magnetic field can be 

described using a simple ^angevin gas ::.cdel.  The effective field 

j?  interaction between tiie c'l inters was not taken into account, sine* 

tne i -• .• 1ds ill wtiich t:.e investigations were carried out are large. 

Thus, tne magnetic moment related to tne presence oV  clusters car 

nH nil      .VAT /  ll/f  \       . II" Mil (3) 

wnere  L  is  tue  average magnetic  moment   in  the  cluster;  '.',  is   the 

effective  mimcer  of  clusters   sei*  1  ein   :   L(x)   =   cth  x   -   i/x   is   the 

ijangevj.n  lunct-Lonj  K   is   tne  -:-ats.maj.n  constant. 

Consequently,  wni'ie processing the experimental   data tfc* 

laguetio  moment   f./r  tne   Cu—..i   alleys   is   «ritten  as 

u//     SkT 
Mill, T \« r// - ß/r f A ii ah -^n z~, (4) 

•    X„.    +     K 
iiiUepeuuent 

•\      J   . portion  of suscej tiMiity 

•';\j-::7-2 3-74 3-7'4 



Working out the curves of field dependence of magnetic moment 

for the alloys for each temperature was accomplished by the method 

of least squares using a computer. The parameters C, B, N, and u, 

and consequently, \.(Q) and 3, were isolated.  The experimental 
d 

curves are sufficiently described by expression (4), where the term 

associated with the clusters is important.  The average magnetic 

Foment In the cluster was 7u- , and the effective number of clusters 

per 1 cm was on the order of 10  .  All the parameters changed only 

slightly with temperature. The  average value of the parameters for 

various temperatures and their mean square deviation from the average 

value are given in the table.  For the sake oV  comparison the same 

table give;.- the values oV \.(0)  obtained for the very same alloys 

at temperatures below the Curie point [lj.  With respect tu order 

of magnituue \-(0)  equals 10  emu/err. - i.e., an order greater than u 
-5      5 fc;(0) for pure SI, equal to G.c*10  emu/cm , and greater than 

%A0)   • 3* 10"3 emu/enr for an alloy containing 66 at. %  Cu [1]. 

Ihe large value oV  susceptibility of alloys in the concentration 

region under study can be explained b$ the transition of the system 

through the critical state, wnen the conditions of ferromagnetism 

cease to be fulfilled.  It was theoretically predicted [11, 12] that 

susceptibility of alloys must grow with approach of the concentration 

tc the critical concentration, since (c - c1)~
x.  Precise verification 

of this preposition ic not poosi:.ie in this article, since the exact 

value o*   the critical concentration c, is unknown.  It is interesting 

to compare formula (2a) with the .Stoner criterion 

1 \7 . < 0 

for the appearance cf ferromagnetism [13].  ovue tc the smallness of 

tne denominator in formula (2a) in the concentration region near C., 

it should be expectel that trere will be large susceptibility values - 

as were produced experimentally. 

The value of the coefficient 3 with respect to cruer cf 

magnitude agrees with the estimates obtained from the zone theory 

FTD-HT-23-7^0-7^ t 



for Fd:     ß  <  0.99»10 e~"   [10]  but  has  a minus  sign.     We  see  that 

the  Fermi  energy  of  Cu-Ni  alloys   lies  within  the  region where 

curvature  N(e)   is   small  or negative.     The  experimental  value  of  $ 

Vor  I'd,,   vf-KeL  n,   alloys  [14]  is  very  close  to  the value of 3 which 

vva.;   obtained  for  Cu-Ni  alloys. 
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