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ABSTRACT Misorientation between crystalline grains generated from a solid state phase trans-
formation can be understood according to the orientation relationship (OR) between the parent and
product phases, when such an OR is reproducible and unique. Due to the symmetry of the parent
phase, the product phase can be related to the parent phase by various crystallographically equivalent
variants of the same OR. When a pair of product particles with different variants meet at a grain
boundary, the misorientation between the adjacent grains can be determined based on the OR and
the symmetry of the parent phase. Misorientations for ideal rational ORs of phase transformations in
some systems have been tabulated in literatures, and also, irrational ORs have been reported, with an
increasing tendency because of the improvement of measurement technologies. This paper describes in
details how to calculate the misorientation of different variants with a general OR. It starts from con-
structing the transformation matrix for the phase transformation with a rational or irrational OR, from
either measurements or calculations. By applying the symmetry operators in the parent phase with
the matrix manipulation, the misorientations between different variants have been derived. Since the
misorientations are due to the symmetry of the parent phase, the determined values of misorientation
angles between different variants are firstly independent of the OR, but the misorientations axes are
dependent on the OR. Nevertheless, the final results of the minimum rotation angles usually vary with
the OR when the symmetry of the product phase is taken into consideration to derive misorientation
angle/axis. The present approach elaborates the quantitative relationship between the OR of a phase
transformation and the misorientation between product particles of different variants. It contributes to
a better understanding of the cause of the misorientation, and provides simple formulas to determine
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the misorientations for a general OR. For simplicity, an example of applications of the present approach
is given to an fcc→bcc phase transformation system with the N–W OR. The calculated results are
consistent with those got from other approaches. In addition, the number of independent variants with
different ORs, such as the N–W, K–S, Bain ORs in the fcc/bcc system is analyzed, by following Cahn
and Kalonji approach of superimposing point groups of the parent and product phases. The relationship
between the transformation matrix, the orientation relationship matrix and the corresponding matrix
in cubic systems is also discussed.
KEY WORDS variant, crystallography of phase transformation, symmetry, orientation relation-

shipS4*I��
be��PT�ne2���2~O|~���eg�,x (orientation relationship,

OR). S5n�5DR�hs:�� (OL) f��%eg�,x9bI* (rational) g�,x, uÆI2{f�,x �ZGhs:�� (OL) f��%eg�,x9bm* (irrational) g�,x. GMT��Qe{9�,g�,x<�	��Q'gbe�%, d9bg�,xe T�Q (variant). !|�IE52':p*�Ze&<�o|��<�|~�Qe
!, ���:�>� [1−4]5X�|eD*Q�� [5−9]. {d&&<�o|��FXj
!e�Q'M�(�I�M`��J{&<�o�;Rye*y, Q}�2#!y�o, 5N�&<e!D�Z. �^%, F�o

��)� (electron back–

scattering diffraction, EBSD) Z5e/�(D, ���o|�Q'�te�.�
b���-. Ie&<��AT�[,h℄y��b��, =Mpr.86�eg�,x�q#X. a�GI��4MT2g�,xe T�Q,

Humber g [10,11] 0~ �T2�T��1Y�Qeeg�2 (misorientation) �&T��1eg�. Glavicicg [12,13] : Karthikeyan g [14] 
�XD Humber g�NEe��{ bcc→hcp xV|PT�< Burgers g�,xe�Qeg�2��:℄D. [MQH�, Cayrong [15,16] �2#NE:�Q} (groupoid) e�_, �&: bcc→hcp xV|T�e�1g�, �[/bD*Q���oe(�. Morito g [7,17,18] ℄D:�|PT�<
K–S g�,xe�RD*Q�Qeg�2, } Kitaharag [9] { Fe–Ni >�|PT�< N–W g�,xeD*Q�Qeeg�2��:
s. d�,M�Qeg�2e(�v'S4 EBSD N
g��t, pr2���PT�eg�,x%℄D. d�2�eg�,xS5'I*g�,x, \'!|n�ed*�o|��PT�eg�,xz^^'m*g�,x, ��>� [19]��>� [20], ;� �� [21] g. M\, D*QPT�ne/^^<m*g�,x [22]. =b�^g�,xP��eI*g�,xd2 W (^^ b 2◦, I��u < 1◦), d�2�`we�Qneg�2v2PI*g�,x
bev2�Z��Ab�,q2. �}℄�,:�I*
�
	{�,m*g�,x/�5� EBSD ��f.E% [23].

Vo!|y)m*g�,xe���Q'Q�v(D�hXD, j|�$D*Q�
*C [24,25] :m0[ Omh*C [26] QH�e O �b�Q� [27,28] g, HJ3;#DMy)?|��xVe�,v2. �2Z'prQ��℄Dv2E�vy�Qneg�2, m0��P�Qg�2e,x, WGnI�My)�Qg�2e	{v2:t8N6�o.Æj0~Q��E�, �E℄D�Qeg�2e2���, �50�x��b.�Evy#�, �AXDm}*C{2���|x0�Q:V��:
s:KC, �A[`:0�x���h (transformation matrix) Pg�,x�h (orientation relationship matrix) 5X��Qg�,x�hnee�C�L,x.

1 =U1/
1.1 QFh�Gs*I���5�%b2��V���L, �h℄D'N6d~�LeI2"�. T�:�� 8S4�hm0e{�,x[�^xV|� �Ip*89. �,|5jexVb�T
xV, d�xV|6�zLS
uÆ�$%� (Y%�O�%�zL). d~u"��(D��>S^ [26], !
�h�Ee{�,xP�$%�S
e22{�,x2w, � fcc/bcc xV|g�(D Bain mh{�,x�
>�6S^. b:{t�,�h (corre-

sponding matrix)C, �5[T� (p) :�� (n) ����x|
�#w 3 { %Le�, 8 ~p1—~n1, ~p2—~n2,

~p3—~n3(
7 — �%6-4xeT�:�� 8'�,e), HJ5=�8�#&; 3×3 �h P : N , Y
P = [~p1~p2~p3] (1a)

N = [~n1~n2~n3] (1b)j|���Q�T�%= 8, W��Q�T�%�h.

P P N S4�,�h C 4xl%
N = CP (2)#|, C �%nT��Q��xeT� 8��b���Q��xe�� 8e�L�h. 6�|�<2�e 8v�5S4��,�h℄DEj[?2�|e�, 
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e
0 899�8,  4�,�h C � ZN6��oA 8e6y:��e��, HJed���� [T2��x|℄D.���h A �5N6T2��x|�, 8nee��.M�# (1) |T�:��e 3 {�, 8�5�%b$D��x|�h Sp : Sn e=�8, u.�'n A �DMT�, v2b��, Y
Sn = ASp (3).m0m*g�|e���h A,�5~℄DB"I*g�,x|e���h Ao, nAY{���`2��u�h Rn, !
"�A��PT�neeg�,xP�^g�,xk>, d-��5℄DE�^���h A.|L~KC�<vyB"���h Ao. 0~ �B"I*g�,xm0$D��x, b℄D��, 2�#℄pp��x. [d�$D��x|, Sp : Sn e 8P�Q��x|e 8ne�5S4|=���Lm04x:

Sp = QopP (4a)

Sn = QonN (4b)#|, Qop : Qon 
��%nT�:���Q��x| 8�Lb$D��xe�L�h, HJ�A: 8e�^6y. [�t>�xV|, {M2�B"I*g�,x,�5[#te$D��x|N
 Sp : Sn et8N6,

Sp : Sn |e 8G Ao 4x, ��I�|,x:

Sn = AoSp (5)n3le Sp : Sn X�# (5) ��5vyEB"���h Ao. �2B"I*g�,x�'�^g�,x, ��L#�℄D
be Ao �'�^���h A; {M�^g�,xd'I*g�,xem*g�,x, �^���h A �5(D�LNber`�ue����℄D,j�h�%b
A = RnAo (6)�6�u Rn �5'�.e, /�5 �2�℄E
^℄DN
. .�7p�bf�O�R�e��xV^^�I ���� (invariant line strain) Mi, M� A e2�Mir��b 1. �23l��, [d�T7Rk|,��5℄DE� ��Rke�u�h [29,30]; �2�� {t, �5S4jHT7℄D [29,31] ��u�h. GMM����{MB"g�,xS[2�"�, ^�� 8

Sn �� ��}���h A, (D# (3) ℄DN
.T����Q��xb$D��xe�L�h Qon�5S440# (2—4) ℄D
b, HP�^���h A:�,�h C �I�|,x:

Qon = AQopC
−1 (7)

�,|g�,x^^[^6 e��.8, QM�,v2[^ em0���h A∗ �q��. �,|�5S4#℄>(X�e)�D-���r,  ���>S^%{t 3 � %Le�,^6 8, �ADPj e&?e��m0 A∗. ^ e:j e���h�I�|e,x [32,33](
7 ′ �%�he�x):

A∗ = (A′)−1 (8)[^ e℄D��5 � ∆g f��^ [28] %℄D	{eg�,x�N
�Ze℄EzL�� [30].

1.2 QF�\Abk&GMT�e�Q'{9�, �Tg�,x��e��M<� Tegb�Q. [���h	{vyeQH�,�5℄D T�Qneeg�2. 5je 7 ~�xG�5e{9,�+L
�I2�e{9,�v�5�*, /�'=I~�xG5e{9,�|2�e,�GM�*}��:/�. �2��|��:T�v�I�*{9�,WGT�e�*{9,� M?l��3��e�Q. S5��xV|T�:��e�Qv&�4M5je 7 ~�x, =Mb:��lj, Æjt(DT/�e,�%KC�Qeg�2, M�[
sg�2���A"� (|j|�mM1=O, {9,��s"�,�) ev2.|LKC�<vy�Qeg�2. �2T��Q
4"�,� (Up)i, S%e P ^��b2�gb 8 Pi

Pi = (Up)iP (9)�#℄D
be Pi |=�8e�, 8��{�#
(4b) |�h N ��e=�8. [$D��x| Pi {�e�hD (Sp)i �%, H�5S4# (4a) ℄D
b, Y

(Sp)i = QopPi (10)

(Sp)i P Sp |e=�8S4"��h (Rp)i m0�|4x
(Sp)i = (Rp)i(Sp) (11)�#| (Rp)i 'T�"�,� (Up)i [$D��x|e�U, H�5�%b|=�?�L:

(Rp)i = (Qop)(Up)i(Qop)−1 (12)M� (Sp)i |=�8��A{�e�� 8G�e���h Ai 4x
(Sn)i = Ai(Sp)i (13)#|, Ai /�5,D A S4�?�L
b

Ai = (Rp)iA(Rp)−1
i (14)
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(Sn)i P Sn e=�8
�{����Qe�T 8,\HJ[T�QQ|ew� T, =M T�Qe��neS[g�2. �540# (3), (11) : (13)—(14) kO, [$D��x|, (Sn)i P Sn T-�I�# (11) G%ehZ"�,x

(Sn)i = (Rp)i(Sn) (15)�#;0'=b�Qnee�u'GMT�"�,� (Up)i `wev2. �6,x�B[���Fe-/��5'e��.uLnee�uO
R�sE�6�nee�u.b:t8N6 T�Q���Qnee"�, �n$D��x|e"��h (Rp)i S4�?�L�Gb���Q��x|�U, Y
Rin = (Qon)−1(Rp)iQon (16)Æjn��"�{9,�oe���Q9b*��Q, [*��Q�Q��x|�w 3 �Cbjoe 8,j5=�8�#&;e�hD Go �%; 
4 (Up)i �LAe���Q9bk i ��Q. �.�8, # (16) | Qon'�^���h A S4# (7) ℄D
be*��Q�Q��xb$D��xe���L�h. =b{9�"�,� (Up)i t��T� 8, }��e{� 8
� �,G5[k i ��Q|PT�{�e 8s: �, ��D

Go �%. S4�?�LAN
e Rin �%[��*��Q�Q��x|*��Q| Go e�u, k i ��QP*��Q,xb
Gio = RinGo (17)#|, Gio b[��*��Q�Q��x|k i ��Q|

Go e�%.  �2��, |L� Go bZg�h%���Qeg�2et8
s. M� Go | 3 �=�8N6:��*��Q�Q��x|eQ (�mM�=O, �QW��T I �% 3×3 eZg�h,  '�*,�
7), Y
Go = Io. Q# (17) �j, �Rk| Gio = RinIo = Rin,M� Gio e=�8�{�:k i ��Q�Q��xeQ Ii, /�'=, Rin e=�8'k i ��QQ Ii [��*��Q�Q��x|e�%.�.pqe', [p*89�"��h Rin 4xe'T2��x| T 8, }g�2�h Ri 4xe 8�
�%� Te�Q��x. S5�Qeg�2�h RiN6:
�%�*��Q�Q��x:k i ��Q�Q��x| 8neef�,x, Y

Ji = RiJo (18)#|, �h Jo e 8'�%[��*��Q�Q��x

|, } Ji |e 8z'�%[k i ��Q�Q��x|,�r Jo | 8f�M Ji |�� 8.  ��L,M RineKC, Rin : Ii 
�'��*��Q��x:k i ��Q�Q��x|ef� 8, d,x�DM# (18) �%�' Ii = RiRin, =b Ii 'Zg�h, G5g�2�h Ri ' Rin e[�h. 40# (7), (12), (16) : (18),�
 Ri eys�U#b
Ri = (AQopC−1)−1Qop(Up)−1

i Q−1
op (AQopC−1)

(19a)�2$D��xbT��Q��x, ^ Qop = Io,

Ri �5hGb
Ri = CA−1(Up)−1

i AC−1 (19b)# (19) �O:�,�h C, ���h A, "�,�
(Up)i Pg�2�h Ri nee,x. 	 Ri �I�|�#:

Ri =









r11 r12 r13

r21 r22 r23

r31 r32 r33









(20)WG�� ~n �5�%b
~n = [(r32 − r23), (r13 − r31), (r21 − r12)]/(2sinφ) (21)#|, φ 'g�2e�p. φ P Ri |�RneS[�|G%eys,x:

cosφ = (Tr(Ri) − 1)/2 (22)#|, Tr(Ri) �%�h Ri eT, jrb�h{pRAn:; �� ~n b Ri eMirgM 1 �{�eMi�8.	���QS[{9�, WG���Qnee�u� '`2e. �2{k i ��Q�`"�,� (Un)j ,  �{9��z, ��Æ� ���u, \�Qs:M���� (F:�g,�), M'H�{M*��Qew�M���G, =Mk i ��QP*��Qnee�uN6'|�e, ��%b (Un)jRi, 2�#℄ (Un)jR |"�p��e�h�%d{�Qneeg�2.5�Q��E�t8
s:6��Qneeg�2,v2D�p{�#�%. |L5 fcc→bcc xVb.=O�<Q��E�℄D�Qeg�2.

2 �Z`i$=U1/pfcc→bccd℄*mnÆt5 fcc→bcc xVb., �z=O�<XD�L|�e��℄D�Qeg�2. =b�xV|T�P���b0�x, b:��Æt:|te{9�KC, |Lh.|�n.�De0�xm},�Xj
7�%e
�l�.
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_ 1 /�wz8Q�$7X [34]

Fig.1 Schematic diagram of symmetry elements in cubic

systems[34]

2.1 K2e,R#u490�xm}b Oh–m3m, �m}{9RA�Y 1 G% [34]. Y|FE: 3 �IMZ��gxe 4 N� (jY%
7b�>��, {�e,�
7b C±
4m), 4 � 3 N�

(jY%
7b�
p�, {�e,�
7b C±
3j), 6 �

〈110〉 ��e 2 N� (jY%
7b�\�, {�e,�
7b C2p), 3 �JpMZ��eÆL: 6 � {110}ÆL5X 1 ��*|� I, �m}esb 48, GI{9,�
7�v�|:



























E, C2m, C±
3j , C

±
4m, C2p

I, σm, S∓
6j , S

∓
4m, σdp

m = x, y, z; j = 1, 2, 3, 4

p = a, b, c, d, e, f

(23)j| E �%�g,�; I �%�*,�; C+
nr �%n eem��� r [�f"� 2π/n Bye"�,�; S �%~n eem���e"�, �r�{JpM���efL��Æ	�Be�e,�; σm �%JpM m fLeÆ	�B,�; σdp �%�5���5IjH 2 ��e{p�eÆL�B,�. r
2Ne'# (23) k~� 24�{9,�v�5S4k2� 24 �{9,�
��`2��*,�N
, /�'= IC2=σ, IC±

3 =S∓
6 , IC±

4 =S∓
4 .oLN4�*,�ev2'n 8�;���e 8, �2��oA6�v'�I�*{9�e�Q, WGd~{9,� M`w�e�Q3�, =Mg�2
s|T��Qe{9,�2�t(Dk2� 24 �"�,�, dPk

1 t
s5X Frank[35] [ 48 ~�>|u.�t(DJ/xv2'2we, =b2[�`�*,�, /�n���G.0�x{9,�2�(D Jones 
7%hG℄D.

5 Jones 
7 (xȳz̄) b., H{�e{,�
7b C2x,RA x, ȳ : z̄ DQ 
��%b [1 0 0], [01̄ 0], [0 0 1̄],d 3 �Q 5��8�#&;e�h�' C2x {�e{9,��h. � 1 (D Jones 
7�E:0�x 48 �{9,�
7 [36], j|�7 1—24 e{9,��`�*A
�
b�7 25—48 e{9,�, pr � Jones 
7�#��5?���E��e{9,��h.! 1 /�w 48 �z8+��6
Table 1 The relationship between Jones faithful representa-

tion symbols and Schöenflies notation in cubic sys-

tems

No. symbol No. symbol No. symbol No. symbol

1 E/xyz 25 I/xyz 13 C+
4x

/xz̄y 37 S−

4x
/x̄zȳ

2 C2x/xȳz̄ 26 σx/x̄yz 14 C+
4y

/zyx̄ 38 S−

4y
/z̄ȳx

3 C2y/x̄yz̄ 27 σy/xȳz 15 C+
4z/ȳxz 39 S−

4z/yx̄z̄

4 C2z/x̄ȳz 28 σz/xyz̄ 16 C−

4x/xzȳ 40 S+
4x/xzȳ

5 C+
31/zxy 29 S−

61/z̄x̄ȳ 17 C−

4y
/z̄yx 41 S+

4y
/zȳx̄

6 C+
32/z̄xȳ 30 S−

62/zx̄y 18 C−

4z
/yx̄z 42 S+

4z
/ȳxz̄

7 C+
33/z̄x̄y 31 S−

63/zxȳ 19 C2a/yxz̄ 43 σda/ȳx̄z

8 C+
34/zx̄ȳ 32 S−

64/z̄xy 20 C2b/ȳx̄z̄ 44 σdb/yxz

9 C−

31/yzx 33 S+
61/ȳz̄x̄ 21 C2c/zȳx 45 σdc/z̄yx̄

10 C−

32/yz̄x̄ 34 S+
62/ȳzx 22 C2d/x̄zy 46 σdd/xz̄ȳ

11 C−

33/ȳzx̄ 35 S+
63/yz̄x 23 C2e/z̄ȳx̄ 47 σde/zyx

12 C−

34/ȳz̄x 36 S+
34/yzx̄ 24 C2f /x̄z̄ȳ 48 σdf /xzy

2.2 ?WD7
Kitahara g [9] S4 EBSD Nwg��t, ℄D: Fe–28.5%Ni(z8
:) >�|PT�< N–W g�,xe�RD*Q�Qeg�2. |L(Dk 1 t|�e��Q��E�%℄Dj� [9] |���Qeg�2,℄D|�T f : b 
��% fcc T�: bcc ����,HJ
�Y�:k 1 t||� p : n. b:�M�q,Æj(DTj� [9] 2we��5::mh{�,x, Y

ab=0.2944 nm, af=0.36925 nm, [101̄]f/2 | [11̄1]b/2,

[11̄0]f/2 | [1̄1̄1]b/2 : [01̄1̄]f/2 | [01̄0]b, nd 3 {�, 8X�# (2) �

~b1

~b2
~b3

~f1
~f2

~f3











1/2 −1/2 0

−1/2 −1/2 −1

1/2 1/2 0











= C











1/2 1/2 0

0 −1/2 −1/2

−1/2 0 −1/2











(24)#|, ~b1, ~b2 : ~b3 �%[����x|#℄e�8; ~f1,
~f2 : ~f3 b{�e[T���x|#we 3 ��8; �h|e68�pq 8'5=�8�#E�. vy# (24)�




�902 }�3�$�� j 45 �! 2 /�w N–W +wd 12 �w/�Pmdf�1
Table 2 The misorientation between different variants with N–W orientation relationship for cubic systems

Variant Orientation relationship Rotation angle/axis between V1 and Vi

V1 [21̄1̄]f//[01̄1]b —

V2 (111)f//(011)b [1̄21̄]f//[01̄1]b 60.0000◦/[0 0.7071 0.7071]b

V3 [1̄1̄2]f//[01̄1]b 60.0000◦/[0 0.7071 0.7071]b

V4 [2̄1̄1̄]f//[01̄1]b 19.4712◦/[1.0000 0 0]b

V5 (1̄11)f//(011)b [121̄]f//[01̄1]b 53.6907◦/[0.2227 0.6973 0.6813]b

V6 [11̄2]f//[01̄1]b 53.6907◦/[0.2227 0.6973 0.6813]b

V7 [211̄]f//[01̄1]b 13.7599◦/[0.7058 0.7058 0.0601]b

V8 (11̄1)f//(011)b [1̄2̄1̄]f//[01̄1]b 53.6907◦/[0.6813 0.2227 0.6973]b

V9 [1̄12]f//[01̄1]b 50.0457◦/[0.6239 0.4705 0.6239]b

V10 [2̄11̄]f//[01̄1]b 13.7599◦/[0.7058 0.7058 0.0601]b

V11 (1̄1̄1)f//(011)b [12̄1̄]f//[01̄1]b 50.0457◦/[0.6239 0.4705 0.6239]b

V12 [112]f//[01̄1]b 53.6907◦/[0.6813 0.2227 0.6973]b

C =









0 1 −1

0 1 1

1 0 0









(25)|L5B" N–W ,x [9] |#te���b*��Q, ℄DjH�QP�*��Qneeg�2.  �B"g�,x, 0~#w$Dpp��x:~x//[21̄1̄]f//[01̄1]b,

~y//[011̄]f//[100]b, ~z//(111)f//(011)b. [�$D��x|,# (24) |
{�, 8
��%b






















































Sf = af









0.6124 0.6124 0.4082

0.3536 −0.3536 0

0 0 −0.5774









Sb = ab









0.7071 0.7070 0.7071

0.5000 −0.5000 0

0 0 −0.7071









(26)=bj� [9] ℄Deg�,x'I* N–W g�,x, G5 ��I*g�℄D
be���h�'�^���h A. v># (4a) �X���5:, �vyEQT��Q��xb$D��x�L�h Qof P���h A,HJ
�b






















































Qof =









0.3015 −0.1507 −0.1507

0 0.2611 −0.2611

0.2132 0.2132 0.2132









A =









0.9206 0 −0.3255

0 1.1275 0

0 0 0.9765









(27)

GMT��Qb fcc mh, j"�,��G� 1 |o
24 ��7G{�e"�,�
7�%. d+#℄T�"�,��h U2 {� C+

31(i=2) b.��|2#℄D. n
U2 P�LN
e C, Qof P A erX�# (19a) ��5℄DE*��Qbk 2 ��Qneeg�2�hb

R2 =









−0.5000 0.6124 −0.6124

−0.6124 0.2500 0.7500

0.6124 0.7500 0.2500









(28)GM��PT�v'0��x, =M��PT��I�Te"�{9,��h, Y (Ub)j=(Uf)i (i, j=1,...,

24), �� 1 G%, /�'=*��Qbk 2 ��Qnee�u{� 24 �"��h, Y (Ub)jR2 (j=1,..., 24), d
24 ��u|"�p��e�h��%:*��Qbk 2��Qneeg�2�h.T*, ℄ i=3,· · ·, 24 �, t�n��e"�,��h (Uf)i X�# (19a), ��5vyE*��QbjH�Q{�e"��h Ri, �A � (Ub)jRi vyE���p{e�h. Q�L���
b 24 ��Q, \[ N–W,x|x0�Q:�b 12 �, |tn{ Tg�,x|x0�Q:V�2#��KC. � N–W g�,x|*��QbjH 11 ��Qeg�2D�p{�#�%v2j� 2, Pj� [9] v2℄yk>.

3 XM
3.1 6o-K�\TP+YNE��QeE�'GMT��Qe{9�`we, \'x0e�Q:VJP��e{9�I,. [�tg�,xRk|, T�:��m}�5S[�T{9,� (�5�*), d�,�&;e}9bo} (intersection group),	T�{T�:���`o}|e{9,� M3��
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e
0 903�e�Q. Cahn: Kalonji[37] 5X Cayrong [15,16] `
[�Qm}QH�KC:x0S[e�Q:V, 
sv2�Ox0�Q: r P�Q'm}nee,x [15,16,37] b
r = rp/ri (29)#|, rp : ri 
��%T�m}es:o}es.|LXD# (29) { fcc/bcc Qxex0�Q:��KC. {M�tg�,x, S46�eV�WAY�5?��i{t6�eo}. �26�g�,xb N–W g�,x, [�g�,x|6�ehs:��eV�WAY�Y 2a G%. QY 2a �5�E, F:�g,� E :�*,� I \, 6��S[,M (011̄)f eÆL{9, �{9,�
7b σdf . =b}�I���, G� 1 �l, ÆL σdfP�* I �>_q3� [011̄]f ��e~N�, j{9,�
7b C2f . =M[ 2.2 tG#℄e N–W g�,x|o}RAb E, I, C2f , σdf , �o}esb 4. Q� 1 �l0�xm}s:b 48, (G# (29) �
 r=48/4=12,/�'=, N–W g�,x|x0�Q:b 12 �. 	nY 2a��KaL��<�f"� 5.26◦, �5
b�Y 2b G%e K–S g�,x: (111)f//(011)b, [101̄]f//[11̄1]b. QY 2b �5�E, 
4�6"�A, S N–W g�,x|6�%Ie{9,� σdf Æ�, Q}`w:o}RAiÆb E, I, �o}es/iÆb 2, r=48/2=24. ℄g�,xb Bain g�,x: (100)f//(100)b, [001]f//[011]b �,�g�,x|6�ehs:��eV�WAY�Y 2c G%, QY|�5�E, F: E : I \, 6�J,M (001)f ,

(01̄1)f , (01̄0)f , (011)f ÆL{9, j{�e
7
�b
σz , σdf , σy, σdd, HJ
�P�*,� I �>_q3�
C2z, C2f , C2y, C2d % 4 �~N�. M\, VY|�G[e� [100]f b2� 2 N�, jP�*,� I �>_q3�
(100)ÆL σx; T� C2x K�5gb�; 2 � 4 N�, Y
C+

4x, C−
4x, HJP�*,� I�>_q
�3� S−

4x, S+
4x,=M� Bain g�,x|o}esb 16, r=48/16=3. 2[g�,x
_d' N–W, Bain g�,x, o}RAniÆ, �}x0�Q:VgbM K–S g�,x�{�e�Q:, =M2��|�Im*g�,xeD*QS5I

24 ��Q.

3.2 h�Gs�h6Gs<bk6eGs+h;LeÆj[ 1.1 tKC:�<℄D���h. {M0�x, /�5Q���hE���ivy6�g�,x�h.|L�5 fcc→bcc xVb.���2#KC, # (4a) |
Qop :# (7) |e Qon [� fcc→bcc xV|
��%b Qof : Qob. 	xF��5:eA�, �5
b0��QQ b$D��xe"��h, Y







Q̄of = Qof/af

Q̄ob = Qob/ab

(30)

_ 2 /�wZ N–W +w9 K–S +w{ (111)f//(011)b UXWZ Bain f�+w{ (100)f//(100)b UX
Fig.2 Superimposed (111)f//(011)b stereographic projec-

tions with N–W OR (a), K–S OR (b), and

(100)f//(100)b with Bain OR (c) (open circles and

crosses denote the projections of low index directions

of fcc and bcc crystals, respectively)/�'= (Q̄of)If : (Q̄ob)Ib e=�8
�b fcceQ 〈100〉f : bcc eQ 〈100〉b [$D��x|5Zg 8e�%. �n, (Q̄of)
−1If : (Q̄ob)

−1Ib e=�8^
�b$D��xQ 〈100〉 [ fcc : bcc �Q��x|5Zg 8e�%, L�H=, (Q̄of)
−1 e=�8f�M (Q̄ob)−1 e=�8, HJne��Gg�,x�h M 4x

(Q̄ob)−1 = M(Q̄of)
−1 (31)Q# (31) �5yE

M = Q̄−1
ob Q̄of (32)# (7), (30) : (32) 40vy�5
b M e�U#b
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M = CQ−1

of A−1Qof/(af/ab) (33)�2T��Q��:"�,� (Uf)i(i=1,· · ·, 24),^k i ��Q 8PT� 8nee�,�h Ci �G#
(2) : (9) 40℄D
b, jPB"�,�h C S4|#4x:

Ci = C(Uf)
−1
i (34)P# (33) &?, k i ��QPT�eg�,x�h�5�%b

Mi = CiQ
−1
of A−1

i Qof/(af/ab) (35)n# (34) |e Ci 5XG# (12) : (14) 40℄DN
e Ai X��#, �5[`E Mi P M �I�|hZ,x:

Mi = M(Uf)
−1
i (36)�#�Ok i ��QPT�neeg�,x�h�5S4*��Q{�eg�,x�hpr℄D
b. 	���># (19a) �5
b

Ri = (CQ−1
of A−1Qof)(Uf)

−1
i (CQ−1

of A−1Qof)
−1 (37)n# (37) P# (33) {��l

Ri = M(Uf)
−1
i M−1 (38)# (38) /=O, Q���hvy
be*��QPT�eg�,x�hE�, v>{9,�T-/�5vyE�Qeeg�2.Q# (38) �5��, Ri 'S45 M �b���L�he�?�LP (Uf)

−1
i �4x, WGg�2 Ri |e�pPg�,x�h M m,. =b�?�L ��"�pye�{r, G5�Qg�2�h Ri P (Uf)i e"�py�{r'�ge, /�'=, # (22) vy
be�p�^�Pg�,xm,. \'g�,xA�:�?�L|e���L, =}A�:��e�%, L�H=, g�,x Tev2'!����:��. GM��e{9�

(Ub)j , S4 1.2 te (Ub)jRi d2#℄D!
�A�p=g�,x T}I2;, d/'b�G{M�t��Qx,  Tg�,x|℄D
be�Qeg�2e�p TeS= [8,9].�L
�|�:KC:���h A��,�h C :g�,x�h M evy��.  Te(�
{ A, C :
M I��ZM(D TePL, \'jt9:�D��'2we. {d 3 ��ht9ej{*y'�����Q'�,℄DeQH, =M|L{℄D4?|�.�8e�_��pq=O. �h C 4xe'�, 8, HJ���U[�, 8��e�Q'��x|,  4d� 8HI

�A6���5:eA�, t'hZD�QÆ�e Millers:�%. P C �T, g�,x�h M 4xe 8/'
�%�T�:���Q��x, \' M 4xe 8'C�f�eZg 8, d+t�Af�,x, � 8 2t'�, 8. P C : M  T, S4 A 4xe�, 8� �%[$D��x|, H�B:�, 8e6y:pye�^��, d� 8�.X���5:��℄D. Qk 1 teN6�l, 	6�g�,x M �T, 2[�,,x C ��, A �M T; �4%=, �2�t��xV,2[�,,x C {t, A G M `2{t.

4 CMÆj|�:QT�:���,,x:g�,xE�℄Dj e���he��. [���h	{vyeeQH�, v>T�e�Q'{9�, �z46:�<Q��E�vy T�Qneeg�2. m0:��P�Qg�2e,x, �KC:g�,xP�Qeg�2e4x. v2�O,  �A��{9�no, T2��xV���Qnee"�pPg�,xm,, g�,xtA�"��e�%; �A:��{9�A,  Tg�,x'`w:���Qnee��"�p T.Æj5 fcc→bcc xV| N–W g�,xb.{�Qeg�2��:℄D, ℄Dv2Po�ZKQg�,xE�vyN
ev22w, ��2#KC:0��x|���hPg�,x�hnee�C�L,x, XDm}*C{0�x5je N–W, K–S, Bain g�,x|�ZS[ex0�Q:V��:�Q
s. JKC:�,�h����hXg�,x�he89:�C4x, d�
sI�M*t T�hnee,x. Æj��{M*y:t8℄D�Im*g�,xe��xVFb��, nI�My)�Qg�2e	{v2.���&�)�ÆZBi	�3>{)OdSUJB, ��Dm��l:."H
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