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compared with the observations of Fahlenbrach
and co-workers. It is concluded that the observed
anisotropy can be rationalized in terms of the slip-
induced directional order theory.
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APPENDIX

l. CALCULATION OF BB-PAIRS RESULTING FROM
{110} <111) sLIP IN A B2 STRUCTURE

(a) Long-range order — nearest-neighbor case

The long-range ordered B2 structure, Fig. 1(a), con-
sists of two simple cubic sublattices o and f. The
total number of BB nearest-neighbor atom pairs
in any direction is given by

Ngg = N4 Pgp(af) + N, Pap(ae) + N g Pyg (BB), (A1)

where N4, N,,, and Ny, are the number of bonds
joining o and f, o and &, and f with f sites, respec-
tively; and Pgg(af), Pgg(oo) and Pgg(Bp) are
respectively the probabilities of a BB pair associated
with aff, aa, and Bf bonds.

From the definition of the Bragg and Williams
LRO parameter s**

_Ta=Xa _ r,,—xB, (A2)
1—x4 l—xg
where
= fraction of o sites (rightly) occupied by A
atoms
ry =fraction of f sites (rightly) occupied by B
atoms

x, = fraction of A atoms in the lattice
xp = fraction of B atoms in the lattice,
and the definitions

w, = 1 —r, = fraction of « sites (wrongly) occupied
by B atoms,

wy = 1 —r, = fraction of f sites (wrongly) occupied
by A atoms,

we have?>, for x,=xp=13,
Pyp(aa) = wi = 3(1—5)
Pyp(BP) =15 = 3(1+5)
Pgg(af) = w,rp = i(1-5%.

(A3)
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In the undeformed condition, the distribution of
bonds in any of the four nearest-neighbor {(111)
directions of the two cells of Fig. 1(a), consists of
N,=4, N,,=Ng=0. Hence Npp=4Pyp(af) as
calculated from eqn. (A1l).

Consider now that a one-step slip has occurred
on successive (110) planes in the [111] direction,
the configuration of Fig. 1(b) is obtained. In [T11]
and [1T1], which lie on the slip plane, there is no
change in pair distribution. Along [111] or [111],
which connects the slip planes, the distribution is
changed to NM Nyp=2, N,;=0. Thus the num-
ber of BB pairs becomes N gz =2Pyg(att) + 2 Pgg(Bf).
The increase in BB pairs in [111] or [111] as a
result of slip is then

ANy = 2Pgg(0) +2Ppp(BP)
=25 (A4)
upon application of eqns. (A3). Per unit (110) area,

we have ANgg=s?/a*,/2. A similar expression has
been derived previously by Brown and Herman?*®

—4Pgg(p)

(b) Short-range order — nearest-neighbor case

In the short-range ordered lattice, the nearest-
neighbor bonds are no longer identified by « and f
sites. In this case, the number of BB pairs is given
by

Nyg = n{Pgg)

where n is the number of bonds and {Pgg) is the
average probability of a bond being a BB pair. The
value of (Pgg) is obtained from the Bethe SRO
parameter 23

(A3)

_ (Ppp) —2x5Xp
<PAB.max> _2xAxB ’
where (P,g> is the average probability of a bond
being AB, and {Pag max> 1S the value of (P,g) at
maximum order. For x,=xp=3%, {Pipmay =1
and thus

(A6)

0=2({Prp)— _ (A7)

The quantities {(P,5> and {Pyg) are related by the
equation'’
xp = {Pyp) +3<{Pap) - (A)
Hence
(Pygp) =4(1-0). (A9)

In the two unit cells of Fig. 1(a), there are 4{P 5> =
1—o BB pairs in any of the four {111} directions.
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After (110)[T11] slip, Fig. 1(b), the distribution in
[T11] and [1T1] remains unchanged. In [111]
or [111], 6=0. Hence the number of BB pairs
induced by slip is ANgg=o0, or ¢/2a*,/2 per unit
(110) area, in the [111] or [111] direction.

(¢) Long-range order — next-nearest-neighbor case

There are three {100) next-nearest-neighbor direc-
tions. One of these, [001], lies on the slip plane,
(110), and is not disturbed by slip. The other two,
[010] and [100], will alter the atom pair distribu-
tion after slip.

In the two unit cells of Fig. 1(a), we have
N,=Ngg=2, N,y=0 before slip, where N,, etc.
are now referred to next-nearest-neighbor bonds.
After slip, Fig. 1(b), N,,=N;;=0, N,z=4 in [010]
or [100]. Hence the gain in BB pairs in either of
these two directions is

AN g = 4Pyg(f) — 2Pyg(0cr) — 2Pgg(BB) = — 25°
(A10)

or —s?/a*,/2 per unit (110) area.

(d) Short-range order — next-nearest-neighbor case

For the next-nearest-neighbor case, the value of
{Prp.maxy 1D €qn. (A6) is zero, as complete order
results in like-atom pairs in all NNN bonds. We
then have, from eqn. (A6),

0, =1-2(P,p), (A11)
with ¢, denoting the SRO parameter for the NNN
case. With the aid of eqn. (A8), eqn. (A11) becomes

(Pgp) =3(1+0)). (A12)

Thus, from Fig. 1(a), the number of BB pairs in
[010] or [100] is 4{Pgg)=1+0,. After slip,
0,=0. Hence the number of BB pairs gained by
slip is ANgg= —0,, or —0,/2a*,/2 per unit (110)
area.

2. CALCULATION OF BB-PAIRS RESULTING FROM
{112} <111} SLIP IN A B2 STRUCTURE
(a) Long-range order — nearest-neighbor case
In the undeformed condition, there are two off

bonds per unit cell in each of four (111)NN
directions. After slip, these bonds change to an oo

bond and a ff bond in the three (111) directions
other than the slip direction. Hence ANgg=
Pgg(0r) + Pgg(BB) — 2Pgg(ef). When values of eqns.
(A3) are entered, we obtain ANgz=s?, or s*/a*,/6
per unit {112} area.

(b) Short-range order — nearest-neighbor case

Here, in the undeformed state, the two bonds per
cell in each {111) direction contribute 2{Pgg)
pairs of BB bonds. From eqn. (A9), {Pgp> =(1—0)/
4. After slip, =0 and the gain in BB bonds is
ANgg=0/2, or 6/2a*,/6 per unit {112} area, in the
three {111) directions other than the slip direction.

REFERENCES

1 S. CaikazuMmi, K. Suzuki AND H. IwATA, J. Phys. Soc.
Japan, 12 (1957) 1259.
2 S. Cuikazumi, K. Suzuki aAND H. IwATA, J. Phys. Soc.
Japan, 15 (1960) 250.
3 N. TAMAGAWA, Y. NAKAGAWA AND S. CHIKAZUMI, J. Phys.
Soc. Japan, 17 (1962) 1256.
4 G. Y. CHIN, J. Appl. Phys., 36 (1965) 2915.
5 G.Y.CHINAND E. A. NEsBITT, J. Appl. Phys., 37 (1966) 1214.
6 E. HOUDREMONT, J. JANSSEN, G. SOMMERKORN AND H.
FAHLENBRACH, Tech. Mitt. Krupp, 15 (1957) 13.
7 W. BARAN, W. BREUER, H. FAHLENBRACH AND K. JANSSEN,
Tech. Mitt. Krupp, 18 (1960) 81.
8a H. FAHLENBRACH AND W. BARAN, Z. Angew. Phys., 17
(1964) 178.
8b H. FAHLENBRACH, Tech. Mitt. Krupp, 23 (1965) 104.
9 W. C. ELLis AND E. S. GREINER, Trans. Am. Soc. Metals, 29
(1941) 415.
10 N. S. SToLOFF AND R. G. DAVIES, Acta Met., 12 (1964) 473.
11 L. NEEL, J. Phys. Radium, 15 (1954) 225.
12 J. B. CoHEN AND M. E. FINE, J. Phys. Radium, 23 (1962) 749.
13 J. F. W. BisHoP AND R. HiLL, Phil. Mag., 42 (1951) 414,
1298.
14 J. F. W. BisHoP, Phil. Mag., 44 (1953) 51.
15 G. L. TAYLOR, J. Inst. Metals, 62 (1938) 307.
16 G. Y. CHIN, E. A. NESBITT AND A. J. WILLIAMS, Acta Met.,
14 (1966) 467.
17 J. KouveL AND C. HARTELIUS, J. Appl. Phys., 33 (1962)
1343S.
18 M. M. BorODKINA, E. I. DETALF AND YA. P. SELISSKII,
Phys. Metals Metallog., 7 (2) (1959) 50.
19 YA. P. Seuisskn AND M. N. TorLocHko, Phys. Metals
Metallog., 13 (4) (1962) 98.
20 A. T. ENGLISH, Trans. Met. Soc. AIME, 236 (1966) 14.
21 R. C. HALL, Trans. Met. Soc. AIME, 218 (1960) 268.
22 G. W. RATHENAU AND J. A. SNOEK, Physica, 8 (1941) 555.
23 H. W. ConraDT AND K. Sixtus, Z. Physik, 23 (1942) 39.
24 T. Muto AND Y. TAKAGI, Solid State Phys., 1 (1955) 194.
25 L. GUTTMAN, Solid State Phys., 3 (1956) 145.
26 N. BROWN AND H. HERMAN, Trans. AIME, 206 (1956) 1353.

Mater. Sci. Eng., 1 (1966) 77-90




