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Abstract 

·, 

A general crystallographic method f9r calculating tWin reflection/ 

·positions for isometric crystals is described. ·The usefUlness of this 

method when eombinedwith stereographic projection and electron microscopy 

techniques are discussed.· 

·. 
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Meieran and Richman (l) have proposed •;~ m~¥boo for the determination . 
·':':':··:.::(·:· ... : 

of electron diffraction patterns from twt~ b~~entered cubic crystals. 

It is the purpose of this note to present a general method :capable of 

predicting the positions of all reflections from both matrix and twin 

regions for all possible orientations of cubic crystals. · The method has 

· been· verified for twinning in explosively deformed copper, and is found 

to be a very useful tool when used in conjunction with stereographic 

projection, and dark field electron microscopy. 

Let an isometric crystal be twinned on any ·.(hk.t) plane. i.' The .. twinning 

can be considered either as a reflection i~ the twin plane or as a 180° 

· rotation about the twin axis. In reciprocal space, the 180° rotation 

. about tqe twin axis would place a given point p,q,r, to a new position 

P1 Q1 R, such that both will be equally inclined to the twin axis. This 

.. is represented in Fig. 1. If the coordinates of three such pairs of points 

are determined, the matrix of the transformation can be obtained. (2 ) It 

is also seen that such pairs would satiety another condition - i.e., the 

vector [p1 q1r] plus the vector [P,Q,R] will yield a multiple of hk£ 1 i.e., 

'the indices of the twin plane, because in isometric systems ·the axis [W] ·.· 

. . .is perpendicular to the plane (hk.t). 

This can be simplified by taking the points along the three axis. 

•If a point · h
2 + k2 + £

2
, o, 0~ is taken along the .x axis, it is seen 

2 ~ 2 . 
. . . that its .new indices should be h - k - ;;.&. 1 2hk1 2h£1 so as to yield a 

2 . . . ' 2 2 2 . . 
sum2h, 2hk, 2h£, i.e., 2h(h,k1 t). (Also the}.poiw~~n- k-;,, 2hk1 2h£, 

. . 2 2 2. 
· and h + 1t + · £ , o, () are equidistant ·from 'the origin and both points .. make 

equal angles with the twin a,x,.s, i.e., cos-1 · -~- b ...... , )fsi:milar.:operations · 
.J..h2-fl. k2+- J,2: . . . ' . ; 'i . 

:i. for the points, o, h2+ k'2.+.l2;: 0 a.nd o, o,· h 2+ .. k2+ ;. yield;;i 
.'; 
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:x.ota. tion about the twin axis • 

'Following the method due to Bue,;-ger~2 )· the matrix of the transformation 

is obtained as follows: 

h2 .. k2- £2 . 2hk 2h£ 

h2+ k2+ £2 . h2+. k2+ i h2
+. k

2
+ l 

2hk k2- ·;_2_ h2 .2k£ 

h2
+. k2

+. i h2+ k2+ £2 h2+ k2+ £2 I I -----:-< 1) 

.£2- b2- k2 
I 

2h£ 2k£ 

h2+ k2+ 1-2 h2+ k2+ 1-2 h2+ k2+ £2 

Using this matrix the indices' of any other point in reciprocal space 

can be determined. 

This matrix is much simplified for (lll) twinning commonly encountered 

2 2 2 2 2 2 2.,. 2 
in fcc metals, since h +.k + £ = 3, and h - k - 1- , k - ! - h , and 

1-
2

- h2
- ·-j a.r.e each eq~l to -1, 

hence 

or 

P = ( -p + 2hkq + 2h£.r) 
3 

P = ( -hp + 2kq +. 21-r) 
3h 

Q = (2hp - kq + 21-r) 
. 3,k 

R = (2hp + 2kq - 1-r) 
3.£ 

where (.hk£) stands for any of the {111) planes. This formula. can be 

~ed to find both the positions of spots after t~nning and the orientation 

of t~nned regions:if' the matrix orientation is known. In electron 
. ' 

microscopy this orientation can be found from the diffraction pat'tern. 
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.. Similarly for (112) twinning, cOlllinonly encou.ntered ~:n·b~Q metals, the · 

. ··. 
transformation is given byt 

p :: 

Q = 

R = 
.'. : 

(2h.tp + 2k.tq + (.e2- h
2

- k
2)r) 

6 

·. -·-··· 

;· 
! ·. 
! 

' : ~ 
. ~/'. 

which is a more general forinula ~that· given by Meieran and Ricbman(l) 

in that it includes all (112) planes. 

The transformation obtained by matriX (1) corresponds to &·:ro,tat~.on 

· ~f' 180° about the twin axis •. · If the twinning is regarded .as reflection 

·in the twin plane the result· should be modified by multiplying the 

matrix (1) by the fOllowing: 
•' .. 

'· 

i 0 0 

0 i io 
I 

-~---~-~---------(2) 

0 ·0 .i 

. since in crystallography A + i = m. 
. . :n: ,' 

. ' . •, 

."~-'.. . . 

In transmission electron microscopy, although exact foil orientations 

can be determined by indexing Kikuchi lines, often only spot patterns are 
. . . I 

.observed. In the latter case the orientation can only be approximately 

-~! found. '?:Hoveve~,. ·if a projection of the approximate orientation is drawn; 

_the position of' spots from twinned regions can be determined by reflection. 

along the twinning plane or by 180° rotation . about the ·twin axis. If the 

twinned spots· fall on, or close to the basic circle of the standard prpjection1 

they are likely to appear on the diffraction pattern. The experimental 

and calculated di:ff'I'action patterns can then be correlated. It should. :be 
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noted that When multiple twinning occurs double diffraction becomes 

important and should be _accounted for. (3) 
,._. 

It should al.iJo be pointed out that tWin and matrix reflections 

coincide for certain orientations so that no extra reflections may be 

-observed.· Examples for (001) and (110) fcc are shown in Fig. 2.. In 

electron microscop,y investigatiOns of mechanical twinning and twinned 

martensite it is important to recognize this fac~, i.e., the absence 

of extra reflections should not_be taken as indicating the absence of 
-I 

/' 

twinning until the twin posi tiona have been verified. Dark field experiments 

are extremely help:f'ul to show if twinning is· present, e.g., from Fig. 2(a)

it 'can be seen-that i;he dark field image of the 220 type reflection -will 

··'reverse contra~t fran tw:lns whereaa··the,darlt field image 6t the 200 type· 

ref'lection will' not~ (3) .. 
... 

' .. '"·· . ;-; 
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at a reciprocal lattice .·. 

obtained b7. a 18o•. rotation aboUt the tldn axis [hlti]. 

Expected diffraction patte~ by_ twinning on {lll) ·planes 

for (001) orientation •. ·. The. orientatiOn ot'twiimed crystal,, 
,,1 
:._·! 1-

(221). ... 
,. 

Expected diffraction :pS.ttern by twinning on (111) ·plane 
. . . ·- -
. ' i 

(lio) orientation·./ 
., 

(i~~). 

.... , :~' 
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MU-32473 

Fig. 1 
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