‘CHAPTER III
NUMERICAL RESULTS .

’ /
In this chapter we will solve equation (2:19) and {2.19).
Since these two equations are simultaneous trancendental equations we
will have to solve them numerically. We will be using the Newton-

Raphson method {22) for solving simultaneous equations.

To begin, let us consider the case of two equations with two

unknowns. We write the given equations as

P (x,m)

n
o

(3.1)

G (x,m)

"
o

3.2)

Now if Xgs My be approximate values of a pair of roots and h,

k are corrections, then

Substituting these into (3.1) and (3.2), we get

P(x

n
o

+h, m + k) (3.3)

o]

G(x

n
o

+ h, m, + k) (3.4)

(0]

Expanding (3.3) and (3.4) by Taylor's theorem for a function
of two variables, we have
P(x +h, m_+ k) = P(x.,m )+ h@PY) +k(dP
o™ Wy C (ax )0 (am)0

+ terms in higher powers of h



and k
0 (3.5)

G(x. + h, m_+ k) G(x_,m ) + h(aG + k(3G
(] 0 0’0 (ax)o (Em)o
+ terms in higher powers of h

and k
0 (3.6)

Now since h and k are relatively small, we can neglect their

squares, products and higher powers. Equation (3.5) and (3.6) become

simply
P(x_., + h (3P \+kpRP = 0 3.7
(xgomg) + h (2 ) 2@ ) (3.7)
G(x.,m ) + h (3G)+k(daG)o = 0O (3.8
romy) + b (26) #H(26 )
Solving these by determinants, we find the first corrections
to be
[ -P(xgem.) ap
%o*o (§n1) 0
1 o mo) fgm ) &
D
3P =P(x_.m )
(Ex)0 0™
k " aG -G(x_,m_) (3.10
1 (Ex)o *X02Mo )
D
oP dP (:3.11)
(Ex)o (Em)o
where D = s
oG
(Ex)o (Em)o

Additional corrections can be found by repeated applications

of these formulas with the improved values of x and m substituted at

each step.
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The notation (— 9F

a*) o Means the value of 3x - When X, and m

are substituted for x and m. Similarly, (%E) p Means the value of

aP

Sy when x = X1s M =My and so on.

In our calculation

P(x,m) = [} + (1-c)ag) - [1+3(c + (1 - c)al)x]
[cqi +(1- c)qg 1+ [8(c + (1 - c)a’)x
+5(c + (1 - c)a®)’0ca} + (1 - c)ah 1P

G (x,m) = m-cqy - (1-chg,

where q, = tanh(m z x)

9 = tanh(m z x a)
aP = 4cq? mz.sechz(m Z X)
d X

+4(1 - c)g5 m z a.sech’(m z a x)

- [1+ 4(c + (1 - c)a’)x]

[2cqm z.sech? ( m z x)

+2(1-c)g, mza. sech’(m z a x)]

- [eqf + (1 - c)a3] [ (c + (1 - c)a?]

+2 [8(c + (1 - c)a®) x + 5(c + (1 - c)a®)2x?]
.[cq? + (1 - c)qg ] [2cq1m2-sech2(mZX)

+2 (1 - c)a, mza.sech? (mzax)]

+{cqd + (1 - ¢)a TP[8(c + (1 - c)a?)



+ 10 (c + (1 -c)a?)2x)]

% 2 = 4cq} zx.sech?(mzx) + 4(1 - c)qg azx.sech?(mzax)
= [1 4 3(c + (1 -c)az)x][Zcqlzx.sechz(mzx)
+2(1 - c)qzazxosechz(mzax)] + 2[8(c + (1-c)a?)x
+ 5(c + (1 - c)a?)2x2][cqf + (1 - c)qi]
[2cqlzx.sech2(mzx) +2(1 - c)qzazx.sechz(mzax)]
_gG = - czm.sech?2(mzx) - (1 - c)azm.sech?(mzax)
X
é%G = 1 - czx.sech?2(mzx) - (1 - cjazx.sechz (mzaxj
m

To use the Newton-Raphson method we must havethe approximated
values Xo and L To obtain the initial values we look at our two

!
equations {2.19) and (2.19) and set ¢ = 0 for each value of z and a.

!
For ¢ = 0, Eq. (2.19) and (2.19) can be written as
m = tanh 1(P) (3.12)
Zxa
where p = Lt #a%x 2
1 + Ba?x + 5a-x2
X = tanh'l(m) (3.13)
azm

By plotting these two equations together we find that they
intersect at the points (xo;mo). (See Figures 1-20). These two points
are then used in Newton-Raphson method to calculate the exact value
of x and m. As ¢ changed the nearest approximate va]uéﬁgo,.m, are

taken to be the exact value of x and m for the. previous values of c.
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Computer program and results for Newton-Raphson method and

for obtaining the approximatedtya]pe‘x

0" o

47

,m_ for each value of z and a

are given in Appendix B. From these results we get Figure.21l. Table

1-20 give the'1isf;of;ﬁﬁmefica1 points appearing’ in Figure.21
In our program we replace a by A, m by M and z by Z.

We have fitted the curves shown on Figure 21 to a quadratic

concentration dependence by the least square best fit method (22)(see

Appendix B3).

The data used to obtain the below curves are listed

in Table 21 [Noting that Jl = SQR(X)]
kgTg

5 = 0.655 - 0.320 c + 0.112
“sTg

3 = 0.443

k5T

3 = 0.355 + 0.061 c + 0.027
.

)i = 0.304 + 0.058 ¢ + 0.081

for curves for the Z = 7 nearest neighbor

n

0.613 - 0.302 ¢ + 0.105

0.414

0.331 + 0.058 ¢ + 0.025

c2

c2

for

for

for

for

for

for

for

0.5

1.5

0.5

1.5



For curves for the

J1
kT
B9

J

2

kT
B9

For curves for the

J

——

1

k,T

B'g

Z

Z

0.284 + 0.060 c + 0.068

= 8 nearest neighbor

0.580 - 0.287 c + 0.0999 c2

0.390

0.312 + 0.055 c + 0.024

0.268 + 0.057 c + 0.065

= 9 nearest nefghbor

0.552 - 0.273 ¢ + 0.094
0.371

0.296 + 0.052 ¢ + 0.023
0.254 + 0.054 c + 0.062

= 10 nearest neighbor

0.529 - 0.262 c + 0.089

c?

ce

for A

for A

for A

for A

for A

for A

for A

for A

for A

for A

48

.
(8]



49

0.354 for A=1

[}
—_
L]

0.282 + 0.050 c + 0.022 c2 for A = 1.5

[}
—
i

0.242 + 0.052 c + 0.060 c? for A

(=)
p—t
1]
(]

™~

The dependence of the critical temperature Tg on the effective
number of neighboring atoms Z 1is also obtained as shown in Fig. 22
for various value of A. and C, where A 5 the ratio between the
strengths of the two competing interactions-and C is the concentra-.

tion.
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