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Sp litting of general positions in crystals into subsets of equivalent sites under homo
geneous stress has previously been given for a ll centrosymrnetric space groups; the tabulation 
is here completed for all space groups by listing the results for noncentrosyrnrnetric space 
groups. 

I. Introduction 

The present paper presents results analogous to 
those previously submitted for centrosymmetric 
space groups [1] 1 and for point groups [2]; these 
previous papers should be consulted for detailed 
discussion. 

It is assumed that the syrnmetry elements pos
sessed by a homogeneously stressed crystal will be 
those common to the crystal and to the macroscopic 
state of stress . Application of stress either lea,ves 
a space group unaltered or lowers it to a subgroup. 
Such lowering can always be considered to take 
place in successive steps ea,ch of which lea,ves no 
group which is both a stress-induced subgroup of the 
initial group and a supergroup of the final group, and 
which is distinct from both. Each such step can be 
accomplished by a uniaxial stress; for the noncentro
symmetric space groups all but two of the symmetry 
reductions consisting of two or more successive steps 
can also be accomplished by uniaxial stress. These 
two require biaxial stress [2]. More general stress 
states are, however, consistent with many of the 
steps of symmetry lowering; we list the most general 
state of stress (in terms of the modified stress 
ellipsoid [1]) consistent with each step . The same 
s tress is appropriate for all space-group-to-space
group transformations associated with a given point
group-to-point-group transformation. There are 25 
of the latter which are minimum steps of symmetry 
lowering for noncentrosymmetric point groups so 
that the results for the noncentrosymmetric space 
groups are collected into 25 corresponding tables. 

A set of points all of which are equivalent in the 
unstressed crystal frequently splits into two or more 
subsets under stress. For each space group all 
possibilities are taken into account by considering 
the behavior of the general position because the 
behavior of each special position can be derived by 
specializing the general position. This process of 

:Figures in brackets indicate the literature references on page 462. 

specialization in space groups has been discussed and 
a technique for visualizing it in terms of stereograms 
of point groups h as been described [2]. 

2 . Results 

2 .1. Behavior of General Position 

The splitting of the general position (set of equiva
lent sites having no symmetry) into subsets is listed 
in tables 1 through 25. Each table is headed by a 
point-group transformation which is a minimum step 
of symmetry lowering. Each of the space groups 
associated with the initial point group is listed in the 
table together with the coordinates of a set of sites 
making up a general position . The latter are col
lected into subsets; all of the sites in a subset remain 
equi valen t after symmetry reduction to the final 
space group which is also listed. For so me of the 
point-group reductions the final point group can oc
cur in two or three non-equivalent orien tations. 
These may correspond to differen t final space groups; 
in table 12, for example, one orientation corresponds 
to the caption at the top of the table and the other to 
the caption at the bo ttom . The stress is described 
by giving conditions on the axes X, Y, Z of the stress 
ellipsoid [1] to the crystal axes x, y , z; the stress de
scribed is the most general (i.e. , least lestricted) con
sistent with the symmetry reduction. In many of 
the tables a single stress specification suffices for flll 
space groups, but in some (table 10, for example) the 
stress must be specified for each space group because 
it is customary to choose the axes in different orienta
tions with respect to the point group. 

2.2. Stress Table 

The most general stress consistent with each pos
sible step of stress-induced symmetry lowering, 
minimum or compound, is listed in table 26 for all of 
of the noncentrosymmetric point groups. The stress 
conditions for the minimum steps of stress-induced 
symmetry lowering are equivalent, though not al
ways iden tical, to those given in tables 1- 25. 
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Space group 
of unstrained 

crystal, order 24 
per lattice point 

No. Symbol 
------

215 N3m 

216 F43m 

217 143m 

218 P43n 

219 F43c 

220 H3d 

TABLE 1. Reduction j1'Om 43m to 42m 

If stressed so that X = Y; zli Z 

Coordinates referred to axes of unstrained crystal 

1st Subset 2d Subset 3d Subset 

( x, y, z) ( y, x, z) ( y , z, x) ( z, y, x) ( z, x, y)( x, z, y ) 

( y, x, i) ( i, y, i) ( ii, y, il( y, z, i) ( i, z, ii)( ii, x, ii) 

( x, y, z) ( ii, i, z) ( ii, ii, x)( ii, ii, x) ( z, x, y)( i, ii, y) 

( y, i, z)( x, ii, ii) ( z, ii, f) ( y, ii, i) ( x, z, ii)( z, i, y) 

( x, y, z) ( y, x, z) ( y, z, x) ( z, y, x) ( z, x, y) ( x, z, y) 

( y, x, i)( i , y, ii) ( ii, y, i) ( y, z, i) ( i , z, ii)( ii, x, ii) 

( i, ii, z)( ii, i, z) ( ii, i, x ) ( ii, ii, x) ( ii, X, y) ( x, ii, y) 

( y, i' , i) ( x, V, z) 5 z, y, i) ( y, ii, i) ( x, i , ii)( z, i, ii) 

( x, y, z) ( y, x, z) ( y, z, x) ( z, y, x) ( z, x, y) ( x, z, y) 

( ii, x, i) ( i, y, ii) ( i, y, i) ( y, z, i) ( i, t , ii) ( ii, x, ii) 

( x, fi , z) ( ii, i, z) ( ii, ii, x)( ii, ii, x) ( i, x, V) ( i , i , y) 

( y, :i, ilC x, ii, ii) ( z, ii, i)( Y, i, i) ( x, i , ii)( z, i', ii) 

( x, v, z) (7i!+y, 7i!+x, 7i!+ z) ( y, z, x) (7i!+ z, 7i!+y, 7i!+x) ( z, :t, y) (V,+x, 7i!+z, 7i!+y) 

(7i! -y, 7i!+x, 7i!- z) ( i, y, ii) (7i!-z , 7i!+Y, 7i!-x) ( ii, z, i) (7i!-x, 7i!+ z, 7i!-Y) ( ii, x, ii) 

( i, ii, z) (7i!- y, 7i!-x, 7i!+z) ( ii, ii, x) (7i! - z, 7i!-Y, 7i!+ x) ( ii, x, V) (7i!-x, 7i!- z, 7i!+Y) 

(7i!+V, 7i!-x, 7i!- z) ( x, ii, ii) (7i!+z, 7i!-y, 7i!-x) ( y, i, .f) (7i!+x, 7i!- Z, 7i!-V) ( z, i, li) 

( x, y, z) ( y, x,7i!+z) ( y, z, x)( z, y,7i!+x) ( z, :t, y) ( x, z, 7i!+Y) 

( ii, x,7i!-z)( i, y, ii) ( ii, y,7i!-x) ( ii, z, i) ( i, z,7i!-y) ( ii, x, ii) 

( i, ii, z) ( ii, i,7i!+z) ( ii, i , x) ( ii, ti,7i!+x) ( ii, X, y)( i , i , 7i!+y) 

( y, i,7i!-z)( x, ii, ii) ( z, ii ,7i!- x) ( Y, ii, i ) ( x, z,7i!-Y) ( Z, i, ii ) 

( x, y, z)(~+v,~+x,~+z) ( y, z, x) (~+z, ~+Y, ~+x) ( z, x, y)(~+x,~+z,~+y) 

('li-y,'li+x,~-z)( i,7i!+y,Yz-z) ('li-z,'li+y,~-x)( ii,7i!+z,7i!-x) ('li-x,'li+z,~-y)( z, Yz+x, 7i!-Y) 

(7i! - x, ii, 7i!+z) (~-y, 'li -x, 'li+ z) (7i!-y, ii, 7i!+x) (~-z, 'li-v, 'li+x) (7i!-z, x , Yz+Y) (~-x, 'li- z, 'li+Y) 

('li +y, ~ - x, 'li - z) (7i!+.r, 7i!-Y, z) ('li+z, ~ -V, 'li -x) (7i!+y, 7i!-z, x) ('li+x,}i - z, 'li -V) (7i!+z, 7i!-x, 

3 . References 

[1] J. B. Wachtman, Jr., and H. S. Peiser, Splitting of a set of 
equivalent sites in cent rosyrnrnetric space groups into 
subsets under homogeneous stress, J. R es. NBS 69A 
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324 (1965). 

462 

ti ) 

Space group 
of strained 

crystal, order 8 
per lattice point 

No. Symbol 
---

111 P42m 

119 14m2 

121 142m 

112 P42c 

120 14c2 

122 142d 



TABLE 2. Reduction fro m 43m to 3m 

Space group of 
Wlstrained crystal, 

order 24 

If stressed so t hat X =Y; [llll ll Z Space group of 
strained crystal, 

order 6 
per lattice point Coordinates referred to axes of unstrained crystal per lattice poin t 

No. Symbol 1st Subset 2d Subset 3d Subset 4th Subset No. Symbol 
------- --------

( x, y, z) ( x, ii, i) ( i, y, i) ( i, ii, z) 

( y, z, x) ( y, .2, x) ( y, i, i) ( ii, z, i) 

P 43m 
( 

215 
z, x, y) ( i, x, ii) ( i, x, y) ( z, x, Ii) 

160 R 3m 
( y, x, z) ( ii, x, i) ( y, x, i) ( ii, i , z) 

( z, y, x) ( i, ii, x) ( i, y, i) ( z, ii, i) 

( x. z, y) ( x, i, ii) ( x, i, y) ( x, z, ii) 

( x, y, z) ( x, ii, i) ( i, y, i) ( x, ii, z) 

( 'V, z, x) ( 0, i, x) ( y, .2, i) ( ii, z, i) 

F 43m 
( z, x, 1/) ( i, x, 0) ( i, i, y) ( z, i , 0) 

216 160 R 3m 
( y, x, z) ( 0, x, i) ( y, i, i) ( ii, x, z) 

( z, y, x) ( i , ii, x) ( t , y, i) ( z, ii, i) 

( x, z, y) ( x. i, y) ( i, i, y) ( x, z, 0) 

( x, y, z) ( x, ii , i) ( x, y, i) ( x, ii, z) 

( y, z, x) ( [j, z, x) ( y, i, x) ( ii, z, i) 

143m 
( z, x, y) ( i , x, y) ( i, x, y) ( z, i, ii) 

R3m 217 160 
( y, x, z) ( jj, x, i) ( y, x, i) ( ii, x, z) 

( z, y, x) ( z, ii, x) ( i, y, i) ( z, ii, x) 
( x. z. y) ( x, i , Ii) ( x, i, 1/) ( x, z, 0) 

( x, y, z) ( x, ii, i) ( i, y, i) ( x, ii, z) 

( y, z, x) ( ii, i, x) ( y, i , x) ( ii, z, i) 

P 43n 
( z, x, 1/) ( i, x , ii) ( i, i, y) ( z, x, ti) 

218 161 R3e 
(yZ+y, )1+x, YZ+z) ()1-y, !1+x, )1-z) (yZ+y, )1-x, )1-z) ()1-y, )1-x, YZ+z) 

()1+z, )1+y, )1+x) ()1-z, )1-y, )1+x) ()1-z, YZ+y, )1-x) CYz+z, )1-v, )1-x) 

(yZ+x, )1+z, yz+y) CYz+x, )1-z, )1-y) ()1 -x, )1-z, )1+y) ()1-x, YZ+z, )1-y) 

( x, y, z) ( x, ii, i) ( x, y, i) ( x, ii, z) 

( y, z, x) ( [i, i, x) ( y, i, x) ( ii, z, x) 
( z, x, y) ( i, x, y) ( z, x, y) ( z, x, ii) 

R3e 219 F43e 161 
( y, x, )1+z) ( ii, x, )1-z) ( y, i, )1-z) ( ii, x,YZ+z) 

( z, y, )1+x) ( i, ii,YZ+x) ( i, y, )1- x) ( z, ii, )1-x) 

( x, z, )1+y) ( x, i, )1-11) ( x, i, )1+y) ( x, z, )1-y) 

( x, y, z) CYz+x, )1-y, i) ( i, YZ+y, )1-z) ()1-x, ii, )1+z) 

( y, z, x) ()1-y, z, y.-+x) ()1+y, )1-z, xJ ( ii, )1+z, )1-x) 

( z, x, y) ( i, )1+x, )1-y) ()1 - z, x,YZ+y) ()1+z, )1-x, y) 
220 H 3d 161 R3e 

(>i+y, >i+x, ~Hz) (~-y , ~+x, >i-z) (~+y, >i-x, ~-z) (>i-Y, ~-x, ')H z) 

(>i+z, >i+y, >i+x) ( >i -z,~-y,')Hx) (~-z,~+y,>i-x) Oi+z, >i -y, % -x) 

(>i+x, >i+z, >i+y) (~+x,>i-z,~-y) (>i-x , ~-z, ~+y) (~-x, ~+z, >i-V) 

463 



TABLE 3. Reduction from 432 to 422 

Space group If stressed so that X = Y ; zli Z Space group 
of unstrai.ned of strained 

crystal, order 24 crystal, order 8 
per lattice point Coordinates referred to axes of unstrained crysta per lattice point 
------- -----

No. Symbol 1st Subset 2d Subset 3d Subset No. Sym bol 
------ -

( x, v, z) ( v, x, i) ( V, z, x)( z, V, i) ( z, x, V)( x, z, V) 

( ii, x, z) ( i, y, i) ( i, V, x) ( V, z, 1) ( i, z, V) ( i, x, ii) 
207 P432 89 P422 

( i , ii, z) ( ii, i, i) ( ii, i , x) ( i , y, i) ( z, i, V) ( f, z, ii) 

( V, i z) ( x, ii, z) ( z, ii, x)( y, z, i) ( x, z, V)( z, x, V) 

( x, y, z) (Y2+V, Y2+ x, Y2-z) ( y, z, x) (Y2+z, Y2+V, Y2-x) ( z, x, y) (Y2+x, Y2+z, Y2-V) 

(Y2-v, Y2+x, Y2+z) ( i , y, i) (Y2- z, Y2+V, Y2+x) ( ii, z, .f) (Y2-x, Y2+z, Y2+y) ( z, x, ii) 
208 P4,32 93 P 4,22 

( x, ii, z) (Y2-y, Y2-x, Y2 - z) ( ii, i, x) (Y2 - z, Y2-v, Y2 - x) ( z, x, V) (Y2 - x, Y2 - z, Y2-V) 

(Y2+y, Y2-x, Y2+z) ( x, ii, z) (Y2+z, Y2-v , Y2+x) ( v, z, f) (Y2+ x, Y2-z, Y2+y) ( z, i, y) 

( x, V, z) ( y, x, z) ( V, z, x)( z, V, i) ( z, x, V)( x, z, ii) 

( .V, x, z) ( i V, z) ( z, y, x) ( ii, z, i) ( i , z, y)( z, x, ii) 
209 F432 97 1422 

( i, ii, z) ( ii, i , z) ( ii, z, x) ( i , ii , i) ( i, f , V)( i, z, fi) 

( y, i , z) ( x, ll, z) ( z, ii, x)( 1/, z, x) ( x, i, V) ( z, i, fi) 

( x, y, z) ()4+V, )4+x, )4 - z) ( V, z, x) ()4+z, J<l+v,7:(-x) ( z, x, V) ()4+x, )4+z, )4 -V) 

()4- v, )4+x, )4+ z) ( i , V, z) ()4 - z, )4 +y, )4 +x) ( fi, z, i) (7:(-x,)4+z, )4+y) ( i , x, ii) 
210 F4,32 98 14,22 

( f, 'ii , z) ()4 -y,)4 - x, 7:( -z) ( ii, i , x) ()4 - z, )4 -v, )4 -x) ( z, i, V) ()4 -x, )4- z, 7:(-V) 

()4+V,)4 - x, )4+z)( x, fi, z) ()4+ z,)4 -V, )4+x) ( y, z. f) (7:(+x, )4-z, )4+V)( z, i, ii) 

( x, y, z) ( y, x, z) ( y, z, x)( z, V, i) ( z, x, V)( x, z, fi) 

( 17 , x, z) ( i, y, z) ( z, y, .x) ( jj, z, i) ( i , z, V)( z, x, ii) 
211 1432 97 1422 

( i, fi, z) ( jj, i, i) ( ii, i , x)( i , y, i) ( z, i, y)( i, z, ti) 

( y, i, z)( x, ii, i) ( z, ii, x) ( V, z, i) ( x, i, V)( z, i, V) 

( x, y, z) ()4+V, %+ x, %- z) ( V, z, x) ()4+z, %+V, %-x) ( z, x, V) ()4 + x, %+z, % -V) 

(%-y, )4+x, %+z) ( i, Y2+V, Y2-z) (% - z,)4+V,%+x) ( ii, Y2+z, Y2-x) (% - x,)4+z,%+y) ( z, Y2+x, Y2-y) 
212 P4,32 96 P432,2 

(Y2-x, ii, Y2+z) ()4-v, 7:( -x,)4 - z) (Y2-y, i, Y2+x) ()4 - z, )4 -y, )4 - x) (Yz -z, i, Y2+y) (7:( -x, )4 -z, )4 -V) 

(%+y, %-x, )4+z) (Y2+x, Yz-y, z) (%+z, %-y, )4+x) (Y2+y, Y2-z , i) (% +x, % - z, )4 +V) (Y2+ z, Y2-x, ii) 

( x, v, z) (%+V, %+x,)4-z) ( y, z, x) (%+z, 7:(+V, )4-x) ( z, x, V)(%+x,)4+z,7:(-V) 

()4-v, %+x, )4+z) ( i, Yz+V, Yz-z) ()4 -z, %+V, 7:(+x) ( ii, )'Hz, Y2-x) (7:(-x,%+z,)4+y)( i, Y2+x, Y2-V) 
213 P4,32 92 P4,2,2 

(Yz-x, ii, Y2+z) (%-V, %-x, %-z) (Y2-v , z, Yz+x) (% - z, % -v, % - x) (Yz-z, i,Yz+y) (%-x, %-z,%-y) 

()4+V, 7:(-x, %+z) (Y2+.x, Y2-v, i) ()4+z, )4-v, %+x) (Y2+V, Y2-z, i) (7:( +x, )4 - z, % +y) (Y2+ z, Y2-x, ii) 

( x, V, z) ()4+V, %+x, %-z) ( y, z, x) ()4+ z, %+y, %-x) ( z, x, y) ()4+x, %+z, %-V) 

(% - y, )4+x, %+z) ( i, Yz+y, Yz- z) (%-2, )4+y, %+x) ( ii, Y2+z, Y2 - x) (%-x,)4+z,%+V) ( i, Y2+x, Yz-V) 
214 14,32 98 14,22 

(Yz - x, ii, Y2+z) ()4 -y,)4 -x, 7:( -z) (Y2-v, i, Yz+x) (7:( -z,)4 -v,)4 - x) (Yz - z, i, Y2+y) (7:( - x, )4 -z,)4 -V) 

(%+y, % - x, )4+z) (Yz+x, Yz-y, i) (%+z, % -V, 7:(+x) (Y2+y, Y2-z, i) (%+x, % -z, )4+y) (Y2+z, Y2-x, fi) 
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TABLE: 'I. Reductl:on from 432 to 32 

Space group of If stressed so that X = Y; [ll1JIIZ Space grou p of 
unstrained crystal strained crystal 

order 24 Coord inates referred to axes of unstrained crystal order 6 
per lattice poi n t per laWee point 

No. Symbol 1st Subset I 2d Subset 3d Subset 4th Subset No. Sym bol 
---- ---

( x, y, z) ( x, ii, i) ( X, y, i) ( i, ii, z) 

( y, z, x) ( y, i, x) ( y, i, x) ( ii, z, x) 

( z, x, 1/) ( i, x, V) ( z, i, y) ( z, x, V) 
207 P432 155 R 32 

( V, x , i) ( y, i, z) ( V, x, z) ( V, x, i) 

( i, V, x) ( z, y, x) ( z, V, x) ( i , y, x) 

( i, i, V) ( i, z, y) ( x, z, V) ( x, i, y) 

( x, y, z) ( x, ii, i) ( x, y, i) ( i, ii, z) 

( y, z, x) ( V, i, x) ( y, i, x) ( ii, z, x) 

( z, x, y) ( i, x, iI) ( i , x, y) ( z, x, ii) 
208 P4,32 155 R32 

(y'?-y, Y.?-x, Y.?- z) (y'?+y, Y.?-x, y'?+z) (Y.?-V, y'?+x, y'?+z) (y'?+y, y,+x, Y,-z) 

(Y.?- z, y'?-y, y'?-x) (y'?+z, y'?+y, Y, -x) (y'?+z, Y,-y, y'?+x) (y'?-z , y'?+y, Y.?+x) 

(y'?-x, y'?-z, y'?-y) (y'?-x, y'?+z, Y.?+V) (y'?+x, Y,+z, Y,-V) (y'?+x, Y, - z, Y,+U) 

( x, V, z) ( x, ii, i) ( x, y, i) ( x, ii, z) 

( V, z, x) ( ii, i , x) ( V, i, x) ( V, z, i) 

( z, x, V) ( i, x, y) ( i, x, V) ( z, x, ii) 
200 F432 155 R32 

( fj, x, i) ( V, x, z) ( ii, x, z) ( y, x, i) 

( i, ii, x) ( z, V, x) ( z, ii, x) ( i , y, x) 

( x, i, V) ( x, z, y) ( x, z, ii) ( x, i, V) 

( x, V, z) ( x, ii, i) ( x, y, i) ( x, ii, z) 

( y, z, x) ( V, i, x) ( y, i, .x) ( ii, z, x) 

( z, x, y) ( i, x, V) ( i , ;; y) ( z, x, ii) 
210 F 4,32 150 1132 

(~-y,~-x,~-z) (~+y,~-x,~+z) (~-U,~+x,~+z) (~+y,~+x,~-z) 

(~-z,~-V,~-x) (~+z,~+y,~-x) (~+z,~-y,~+x) (~-z,~+y,~+x) 

(~ -x, ~ - z, ~ -V) (~-x,~+z,~+y) (7:(+x,7:(+z,~-y) (~+x, 7:(-z, ~+U) 

( x, y, z) ( x, ii, i) ( i , U, i) ( i , V, z) 

( y, z, x) ( ii, i, x) ( u, i, .x) ( fj, z, x) 

( z, x, y) ( i, x, V) ( i, x, y) ( z, x, ii) 
211 I432 155 R32 

( ii, .x, i) ( y, x, z) ( ii, x, z) ( v, x, i) 

( i, fj, i) ( z, y, x) ( z, ii, x) ( i, y, x) 

( x, i, V) ( x, z, y) ( x, z, Ii) ( x, i, y) 

( x, v , z) (y'?+x,Y,-y, i) ( x, Y,+U, Y,-z) (Y,-x, ii, Y,+z) 

( y, z, x) (Y, -V, i , Y,+x) (Y,+V, Y,-z, x) ( ii, Y,+z, Y,-x) 

( z, x, U) ( i, Y,+x, Y,-V) (Y,-z, x, Y,+U) (Y,+ z, Y,-x, ii) 
212 P4,32 155 R32 

(7:(-y,~-x,~-z) ('7:(+y,'7:(-x,~+z) ('7:(-y , 7:(+x, '7:(+z) (~+y, '7:(+1, %,-z) 

(~-z,~-V,~-x) (~+z,'7:(+y,'7:(-x) (%,+z, %,-y, ~+x) (%,-z, 7:(+y, %,+x) 

(~-x,~-z, ~-V) ('7:(-x,~+z,'7:(+y) (~+x, %'+z, '7:(-y) (%,+x, %'-z, ~+V) 

( x, V, z) (Y,+x, Y,-y, i) ( x, Y,+V, Y,-z) (Y,-x, 1i,Y,+z) 

( V, z, x) (Y, -y, i, Y,+x) (Y,+V, Y,-z, x) ( ii, Y,+z, Y,-x) 

( z, x, V) ( i, Y,+x, Y, -y) (Y,-z, x,Y,+y) (Y,+z, Y, - x, y) 
213 P4,32 155 K32 

(%'-V, '7:(-x, %, - z) (~+y,~-x,'7:(+z) (~-y. %'+x,~+z) ('7:(+V,~+x,~-z) 

('7:(-z, '7:(-v, '7:( - x) (%,+z, ~+y, ~-x) (~+z,~-y,'7:(+x) (~-z, %,+y,~+x) 

(%' -x, %' - z, %' -V) (~-x, %'+z, 7:(+V) (%'+x,~+z,~-V) (~+x,7:(-z,%,+y) 

( x, y, z) (Y,+x, Y,-y , i) ( x, Y,+y, Y,- z) (Y,-x, Y, Y,+z) 

( y, z, x) (Y,-y, i, Y,+x) (Y,+y, Y,- z, i) ( y, Y,+ z, Y,-x) 

( z, x, y) ( i, Y,+x, Y,-y) (Y,-z, x,Y,+y) (Y,+ z, Y,-x, ii) 
214 14,32 155 R32 

(~-y,~-x. ~-z) (%,+y, %,-x, ~+z) (%,-y,~+x,%,+z) (~+V, %,+x, %'-z) 

(7:(-z,~-y,~-x) (~+z, %'+V, %'-x) (%' + z, %' -V, ~ +x) (%'-z,~+V,%'+x) 

(7:( -x. ~ - z. ~ -11) (%'-x, ~+z. %'+11) (7:(+x. %'+z. %,-y) (%,+x. %'-z. 7:(+V) 
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TABLE 5. Reduction fr om 23 to 222 

Space group If stressed so t hat x, y, z II X , Y , Z, an y permutation Space group 
of unstrained of strained 

crystal, order 12 crystal, order 
per lat t ice point Coordinates referred to axes of unstrained crystal 4 per lat t ice point 

No. Sym bol 1st Subset 2d S ubset 3d Subset No . Sym bol 
--- - - - ----

( x, y, z) ( y, z, x) ( z, x, y) 

( x, ii, z) ( y, z, x) ( z, i , iil 
195 P23 16 P222 

( i , y, i ) ( ii, z, x) ( i , x, ii) 

( i, fj, z) ( ii, z, x) ( z, x, V) 

( x, y, z) ( V, z, x) ( z, x, y ) 

( x, ii, i ) ( y, i, x) ( z, i, ii) 
196 F23 22 F222 

( i, y, i) ( ii, z, i) ( i , x, ii) 

( x, ii, z) ( ii, z, x) ( i, x, V) 

( x, y, z) ( y, z, x) ( z, x, y ) 

( x, ii, i) ( V, z, i"J ( z, x, ii) 
197 123 23 1222 

( x, y, z) ( y, z .f) ( z, x, ii) 

( i , fi, z) ( ii, z, x) ( i , X, y ) 

( x, y, z) ( Y. z, x) ( z, x, y) 

(Y,+x, y,-y, z) (Y,+V, Yz-z, i) (Y,+z, y,-x, V) 
198 P Z13 19 P212121 

( i , y,+V, )1- z) ( ii, Yz+ z, Y,-x) ( z, y,+x, Y,-V) 

(Y, - x, ii, y,+z) (Y,-V, z, Y,+,,) (Y,-z, x, Y,+V) 

( x, y, z) ( y, z, x ) ( z, x , y ) 

(Y,+ x, Y,- V, i) (yHy, Yz-z, x) (Y,+z, Y,-x, V) 
199 12,3 24 1212121 

( x, Y,+V , Y,-z) ( ii , "Hz, Y,-x) ( i, Y,+x, Yo-y) 

(Y2 - X, y, Y,+z) (Y, -y, z, Y,+x) (Y, -z, x, Yo+y) 

TABLE 6. Reduction j TOm 23 to 3 

Space group of If stressed so t hat X = Y; [111J li Z Space group of 
unstrained crystal, strained crystal, 

order 12 per order 3 per 
lat tice poin t Coordinates referred to axes of unstrained crystal lattice poin t 

------
No. Sym bol 1st Subset 2d Subset 3d Subset 4th Subset No. Symbol 

------- --------
(x, y, z) ( x, ii, i) ( x, V, z) ( x, ii, z) 

195 P23 (y, z,x) ( ii, i , x) ( y, Z, i) ( ii , z, i) 146 R3 

(z,x, y) ( z x, ii) ( i , x, y) ( z, x, ii) 

(x,y, z) ( x, ii, z) ( x, y, i) ( x, ii, z) 

196 F23 (y, z,x) ( ii, i, x) ( V, i, x) ( ii, z, i) 146 R3 

(z,x, y) ( z, x, ti) ( i, i, V) ( z, i, ii) 

(x, v, z) ( x, ii, z) ( i, y, z) ( i , ii. z) 

197 123 (y , z,x) ( ii, z, x) ( y, Z, i) ( ii, z, x ) 146 R3 

(z,x, y) ( z, x, ii) ( z, i, y) ( z, i, ii ) 

(x, y, z) (Y,+x, Y,-y, i) ( i , Y,+V, Y,- z) (Y, - x , ii,Y,+z) 

198 P213 (y, z,x) (Y,-y, z, Y,+x) (Yz+v, y,-z, x) ( ii, y,+z, Y,-x) 146 R3 

(z,x , V) ( z, VX+x, yo-V) (Y,-z, i,Y,+y) (Y,+z, Yo-x, ii) 

(x , y, z) CVx+x, y,-V, z) ( i, Yz+v, Y,-z) (Y, -x, ii , y,+z) 

199 1213 (y, z,x) (Y,-V, Z,Vx+x) CVX+v, Yo-z, i) ( ii,VTt z, Yo-x) 146 R3 

(z,x, y) ( i, VX+x, Yo-v) (Y,-z, i,VX+y) CVX+ z, Yo-x, ii) 
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TABI_," 7. Redllction fTom 6m2 to mm2 

Space group of If stressed so that y and z II any two of X , Y, and Z SI)aCe groUI) of 
uD strained crystal , strained cr ystal, 
order 12 per lattice order 4 per lattice 

pOint Coordinates referred to axes of nnstrained crystal point 

No. Symbol 1st Subset 2d Subset 3d Subset No. Symbol 
------ ------

(x, y, z) (ii,x -y, z) (V-x,i , z) 

P6rn2 
(x,x-y, z) (ii, i, z) (y-x,V, z) 

187 38 Amm2 
(x, y, z) (V,x-y, z) (y-x, i, z) 

(x ,x-y, z) (ii, i , i) (v-x,y, i) 

(x, y, z) (ii, x - y, z) (y-x,i, z) 

P6c2 
(x,x -y, 7Hz) (ii, .<, J·Hz) (v-x, y, 7Hz) 

188 40 Am a2 
(x , y, Yz- z) (ii, x-Y, Yz - z) (V-x,i, Yz - z) 

(x,x -y, i) (fi, i, i) (y-x,y, i) 

(x , y, z) <ii,x-y, z) (y-x,i, z) 

P62m 
(x,y-x, z) (y, x, z) (x -v.fi, z) 

189 38 A III 1112 
(x , y, i) (g,x-y, i) (y-x,i, i) 

(i,y-x, i) (y, x, i) (x-y,ii, i) 

(x, y, z) (ii , x-y, z) (V- x,i, z) 

P62e 
(i,y-x, Yz+z) (y, x, Yz+ z) (x -y, y, Yz+z) 

190 40 Am a2 
(x , y, Yz-z) (ii, x-y, Yz-z) (y-x, i , I.~-z) 

(i,y-x, i) (y , x, i) (x -y, fi, i) 

TABr_E 8. Reduction /1'om 6mm to mm2 

Space group of If stressed so that y and z II any two of X , Y, and Z Space group of 
u Tlstraincd crystal , strained crystal, 
order 12 per latLice order 4 per lattice 

point Coordinates referred to axes of unstrained crystal poi n t 

No. Symbol 1st Subset 2d Subset 3d Subset No . Symbol 
--------------------- ---

(x, y, z) (g,x-y, z) (y-x,i, z) 

(x,x-y, z) (y, i , z) (V-x, Y, z) 
183 P6mm 35 Clnm2 

(i, fi, z) (Y,y-x, z) (x-y , x, z) 

(i, y-x, z) (y, x, z) (x -Y,fi, z) 

(x, y, z) (g,x-y, z) (y-x, i, z) 

(x, x -y, Yz+z) (g, i, Yz+z) (y-x, Y, Yz+ z) 
184 Pocc 37 Ccc2 

(i , fi, z) (y,V-x, z) (x -Y,x, z) 

(i, y-x, Yz+ z) (y, x, Yz+z) (x-Y, fi, Yz+z) 

(x, y, z) (ii, x -y, z) (y-x,i, z) 

(x,x-y, Yz+ z) (ii, i, Yz+ z) (V-x, y, Yz+z) 
185 P63cm 36 Cmc21 

(i , ii,Yz+z) (y, y-x, Yz+ z) (x -V, x, Yz+z) 

(i ,Y-x, z) (y, x , z) (x-Y,fi, z) 

(x, y, z) (ii,x-v, z) (V-x,i, z) 

(x,x -y, z) (ii, i, z) (y - x,Y, z) 
186 P6al11c 36 Cmc2) 

(i , fi, Yz+z) (Y,y-x, Yz+z) (x -Y, x, Yz+ z) 

(i , y-x, Yz+z) (y, x, Yz+ z) (x-Y, ii, Yz+z) 
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TABLE 9. Reduction from 622 to 222 

Space group of If stressed so that y and z II an y two of X, Y, and Z Space group of 
nnstrained crystal, strained crystal. 
order 12 per lattice order 4 per lattice 

point Coordinates referred to axes of unstrained crysta point 

No. Syml)ol 1st Subset 2d Subset 3d Subset No. Symbol 
----------------------- - -------------

(x, y, z) (ii , x-y, z) (y-x ,i', z) 

(x, x -y, i) (ii , i, i) (y-x,y, i) 
177 P622 

(i, ii, z) (y,Y-x , z) (x-y,x, z) 
21 C222 

(i ,Y-x, i) (y, x , i) (x-Y,ii, i) 

(x, y, z) (ii, x-y, ~+z) (y - x, i' , 7i+z) 

(x,x-y, , i -z) (ii, i,%-z) (y-x, y, Y2- z) 
178 P6122 20 C2221 

(i , ii, Y2+z) (y, V- x, %+z) (x-y, x, ,1\+z) 

(i ,Y-x, %-z) (y, x, ~-z) (x -Y,ii. i) 

(x, y, z) (ii , x-y, %+z) (y - x, i, Y2+z) 

(x ,x-y, %-z) (ii , i.~6-Z) (y - x, y, Y2- z) 
179 P6522 20 C222, 

(i, ii, Y2+z) (y, V-x, ,6+z) (x -y,x, %+z) 

(i. v-x, ~- z) (y, x,%-z) (x -Y,Ji, i) 

(x, Y. z) (ii, :r-y, %+z) (y-x, i, Y2+z) 

(x ,x-y, 73-Z) (ii, i,%-z) (y-x,y, i) 
180 P6,22 21 C222 

(i, ii, z) (y, V-x, %+z) (x-y, x, ~+z) 

(x . y-x, 73- z) (y, x,%-z) (x -y,ii, i ) 

(x, y, z) (ii, x-y, 73+ Z) (y -.r,i, %+z) 

(x, .r-y, 7i- z) (ii , £,73- Z) (y - x,y, i) 
181 P6,22 21 0222 

(i, ii, z) (y, V- x. ~+z) (x-y, x , %+ z) 

(f, y-x, 7i-z) (y, x,~-z) (x-y ,'ii, i) 

(x, y, z) (ii, x -y, z) (y - x,i, z) 

(x, x-y, Y2- z) (ii, i, Y2-z) (y-x, y, Y2- z) 
182 P6322 20 0222, 

(i, fi,Y2+z) (y, V-x, Y2+z) (x-y, x, Y2+z) 

(i,y-x, z) (y, x , i) (x-Y,ii . i) 
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T A BLE 10. Reduction j1"om 42m to mm2 

Space group of Space group of 
unstrained crystal, Coordinates referred to axes of 1111s trained crystal s tra ined crystal. 
order 8 per lattice order 4 per lattice 

poin t If stressed so that poi n t 
---------

No. Symbol 1st Subset 2d Subset No. Sy mbol 
--- -------

P42m 
[110], [110]. z [I X. Y. Z. (x.Y. z) ( Y. x. z) ( x. fi . i) (y.i. i) 

III ally pormutation. 35 Cmm2 
(i.ii. z) ( ii, i. z) ( i. Y. i) (ii. x. i) 

P42c 
(x.Y. z) ( Y. x.7Hz) ( x. ii. Yo - z) (y. i . i) 

112 Do. 37 Ccc2 
(i. ii. z) ( y. i . Yo+z) ( i . Y. Yo - z) <ii. x. i) 

Pi2,1l1 
(.r. 'v. z) (Yo+V. Yo+x. z) (Yo+x. Yo-Y. i) (y. i. i) 

113 Do, 35 Clmn2 
(i. y. z) (Yo -Y. Yo-x. z) (Yo-x. Yo+Y. i) (ii.x. i) 

(x.y. z) (Yo+Y. Yo+x. Yo+z) (Yo+x. Yo -y. Yo-z) (y. i. z) 
114 1:> 42,c Do, 37 Ccc2 

(i. ii. z) (Yo- Y. Yo-x. Yo+ z) (Yo - x. Yo+Y. Yo-z) (I/. x. z) 

P4m2 
x, y, z II .X, Y, Z, any (x. y. z) ( x. V, z) ( 'Y. x. i) (y.i . i) 

115 permutation. 25 Pmln2 
(i . 'ii. z) ( i. y. z) ( ii . i . i) <ii.x. i) 

P4e2 
(x. y. z) ( x. ii. Yo+z) ( y. x. Yo-z) (y. i. i) 

116 Do. 27 Pcc2 
(E. ii. z) ( E. Y. Yo+z) ( ii. i. Yo - z) (ii.x. i) 

P4b2 
(x.Y. z) (Yo+x. Yo-Y. z) (Yo+Y. Yo+x. i) (y.i . i) 

117 Do. 32 Pba2 
(i.!/. z) (Yo - x, Yo+ Y. z) (Yo- y. Yo - x. i) (ii.x. i) 

P4n2 
(x. Y. z) (Yo+x. Yo-y , Yo+z) (Yo+Y. Yo+ x. Yo-z) (y.i. i) 

118 Do. 34 PnnZ 
(~.ii . z) (Yo-x. Yo+Y. Yo+z) ("-Y. H-x. hl-z) (ii,x. i) 

11m2 
(x.y. z) ( x. fj, z) ( y. x. i) (y.i . i) 

119 Do. 44 1nun2 
Ct. !/, z) ( i, Y. z) ( 'ii, E. i) (ii.x. i) 

14c2 
(x.y. z) ( x. ii. Yo+z) ( Y. x. Yo-z) (y.i . i) 

120 Do. 45 1ba2 
(i. ii, z) ( i . Y. Yo+z) ( [j, E. Yo-z) (ii. x. i) 

142m 
[110]. [Ll O] . z II X, Y. Z. (x. y. z) ( y. x. z) ( x. ii. i) (y.i. i) 

121 any pCflll utatiOtl. 42 Fmln2 
(i . ii, z) ( ii. i. z) ( i V, i) (ii.x. i) 

I42d 
(x.y. z) ( y. Yo+x. )<I' +z) ( x. Yo-Y.)<I' - z) (y.i. i) 

122 Do. 43 Fdd2 
(x.ii. z) ( ii. Yo - x. )<I'+z) ( E. Yo+V.)<I' -z) <ii •. r. i) 
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TABLE 11 . Reduction from 42m to 222 

Space group of Space group of 
unstrained crystal , Coordinates referred to axes of unstra ined crys tal strained crystal , 
order 8 per la t t ice order 4 per la ttice 

point rr stressed so that point 
---------

N o. Symbol 1st Subset 2d Subset N o. Sym bol 
-------- ---

P42In 
(x, 'V, 2) ( x, ii, i) ( y, x, z) (y, i, z) 

111 x , y, z II X , Y, Z , 16 P222 
any pennutation. (i, ii , 2) ( .f, y, i) ( ii, i , 2) (ii, x, i) 

P42c 
(X, y, 2) ( x, ii, Yz-z) ( y , x, Yz+2) (Y,i, i) 

112 Do. 16 P222 
(i, ii, z) ( i, y, Yz-z) ( ii, i, Yz+z) (ii, x, i) 

(x,y , z) (Yz+x, Yz-y , z) (Yz+y, Yz+x, z) (y, i, i) 
113 P421m D o. 18 P 21212 

(i, ii, z) (Yz-x, Yz+y, i) (Yz-y, Yz-x, z) (ii, ,r, i) 

P 421C 
(x , y, z) (Yz+x, Yz-y , Yz-z) CYz+V, Yz+x, Yz+z) (V,i , z) 

114 D o. 18 P 21212 
(i, ii, z) (Yz - x, Yz+y, Yz- z) (Yz-y, Yz - x, Yz+z) (ii, x, i) 

(x, y, z) ( y, x, i ) ( x, ii, z) (y , i , i) 
115 P 4m2 [110], [HO], z II X , Y, 21 C222 

Z , an y permu tation. (i, ii, z) ( ii, i, i) ( i, y, z) (ii,x. z) 

P4cZ 
(x,y, z) ( y, x, Yz-z) ( x, ii,Yz+z) (y, i, i) 

116 D o. 21 C222 
(i, ii, z) ( ii, i, Yz-z) ( i, V, Yz+z) (ii, x, i) 

(x,y , z) (Yz+y, Yz+x, i) CYz+x, Yz-y, z) (Y,i, i) 
117 P4b2 D o. 21 CZ22 

(x, ii, z) (Yz-y, Yz-x, i) (Yz-x, Yz+y, z) (ii, x, i) 

P 4n2 
(x , y, z) CYz+y, Yz+x, Yz-z) CYz+x, Yz-y, Yz+z) (y, i, i) 

118 Do. 21 C222 
(i, ii, z) (Yz-y, Yz-x, Yz-z) (Yz-x , Yz+y, YZ+z) (V, x, z) 

119 14m2 Do. 
(x,y , z) ( y, x, i) ( x , ii , z) (y, i, z) 

22 F 222 
(i, V, z) ( ii , x, i) ( i, y, z) (ii, x, z) 

14c2 
(x, y, z) ( y, x, Yz-z) ( x, 'ii,YZ+ z) (y, i , i) 

120 D o. 22 F 222 
(x, ii, z) ( ii, i, Yz-z) ( i , y,YZ+ z) (ii, x, i) 

(x, y, z) ( x, ii, i) ( y, x, z) (y , i , i) 
121 14Zm x, y, z II X , Y, Z, 23 1222 

any pennntation. (i , ii, z) ( i, y, i) ( ii, i, z) (ii,x, z) 

I42d 
(x,y, z) ( x, Yz-y, Ji -z) ( y,YZ+x, Ji+z) (y, i, z) 

122 Do. 24 1212121 
(x, ii, 2) ( x,YZ+Y,Ji-z) ( ii, Yz-x,Ji+z) (ii, x, z) 

470 



TABfJE 12. Reduction j1'Om 4mm to mm2 

S pace group of If strcssed so tha t x, y, z II X , Y, Z, an y permutation Space roup of 
unstrained crystal, straine crystal, 
ordcr 8 per lattice order 4 per lattice 

point Coordinates referred to axes of unstrained cr ystal poin t 

No. Symbol 1st Subset 2c1 Subset No. Symbol 
---

(x ,y, z) ( x, [i. z) ( y, x, z) ( y, i, z) 
99 P4nlm 25 Pmm2 35 Crnm2 

(i,ii, z) ( X, 11. z) ( ii, i, z) ( fi, x, z) 

(x,y , z) CYZ+x,~-y, z) (~+y,~+X, z) ( y, i, z) 
100 P4bm 32 Pba2 35 Cmm2 

(i,ii, z) (~-x,y':+y, z) (~-y,~-x, z) ( jj, x, z) 

(x,y, z) ( x, jj , ~+z) ( y, x, z) ( y, i, ~+z) 
101 P4,cm 27 Pcc2 35 Cmm2 

(i,ii, z) ( i, y,~+z) ( ii, i, z) ( 'ii, x,~+z) 

(x,y, z) CYz+x, ~-y, ~+z) ( 'y, x, z) (~+y, ~-x, ~+z) 
102 P421un 34 Pnn2 35 CI111112 

(i,ii, z) (~-x, YZ+y, ~+z) ( ii, i , z) (~-y, YZ+x, ~+z) 

103 P4cc 
(x, y, z) ( x, ii,~+ z) ( y, x,~+z) ( y, i, z) 

27 Pcc2 37 Ccc2 
(i,ii, z) ( i, y,~+ z) ( ii, i,~+z) ( ii, x, z) 

(x,y, z) (~,x, ~-y, ~+z) CYz+y, *x, ~+z) ( y, i, z) 
104 P4J1C 31 Pnn2 37 Ccc2 

(i,y, z) (~-x, YZ+g, YZ+z) (~-y, ~-x, YZ+z) ( ii, x, z) 

(x,g, z) ( x, ii. z) ( y, x,~+z) ( y, i,~+z) 
105 P42 111 C 25 Pmm2 37 Ccc2 

(i,1i, z) ( i, y, z) ( ii, ,f,~+z) ( ii, ,~,~+z) 

(x,y, z) CYZ+x, ~-y, z) (~+y, ~-r-x, ~+z) ( y, i,~+z) 
106 P4,bc 32 Pb.2 37 Ccc2 

(i,ii, z) (~-x,YZ+y , z) (~-y, ~-x, YZ+z) ( y, x,~tz) 

(x,y, z) ( X, y, z) ( y, x, z) ( y, i, z) 
107 14m i'll 44 Imm2 42 Fnl1n2 

(i,Y, z) ( i, y, z) ( ii, i, z) ( ii, x , z) 

(x, y, z) (Y2+x,~-y, z) CYZ+Y,~+x, z) ( y, i, z) 
108 H em 45 I b.2 42 Fmm2 

(i,Y, z) (Y2-x,~+y, z) (Y2-y,~-x, z) ( ,Ii, x. z) 

(x,y, z) ( x, fi, z) ( y,Y2+x,Y.l'+z) ( y,~-x,Y.l'+z) 
109 H ,md 44 Imm 2 43 Fdd2 

(i, ii, z) ( i , y, z) ( ii, Y2-x, Y.l'+z) ( y, YZ+x, Y.l'+z) 

(x,y, z) ( x, ii,~+z) ( y, Y2+x, %:+z) ( y, Y2-x, Y.l'+ z) 
110 14 ,cc1 45 I ba2 43 Fdd2 

(i,y, z) ( i, y, Y2+z) ( y, ~-x, %:+z) ( ii,~+x,Y.l'+ z) 

--- -------
No. Symbol 1st Subsct 2d Subset 1st Snbse t 2d Subset ---- ------ ------------ No, Symbol 

-
Space group of Coordinates referred to axes of ul1straincd crystal -------- -- ------------ Space gronp of 

unstrained crystal, strained crystal, 
order 8 per lattice 

If stressed so that [lID], [110], z II X, Y, Z, an y permutation 
order 4 per lattice 

point point 
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TABLE 13. R eduction from 422 to 222 

Space group of uns trained If stressed so t hat x, y, z II X , Y, Z , any permutation S pace group of strained 
orystal. order 8 per crystal. order 4 per 

lattice point 
Coordinates referred to axes of unstrained crystal 

lattice point 

No. 
I 

Symbol 1st Subset I 2d Su bset No. I Symbol 
,----
I 

(x, y, z) ( x, y, i) (Y, T, i ) ( y, i , 2) 
S9 P422 16 P222 21 C222 

(i,ii , 2) ( i , 1/. i) (ii,i , i) ( fj, x. 2) 

(X ,y, 2) ()1+x, )1-y, i) (Y, x, i) ()1+y, )1 - x, 2) 
C222 90 P42,2 IS P21212 21 

(i,ii. 2) ()1 - x , )1+y, i) (y, i , i) ()1- y, )1+ x. 2) 

(x , y, 2) ( x, y, )1 - z) (y, x, % -z) ( y, i,%+z) 
C222, 91 P4,22 17 P222, 20 

(i, ii, )1+z) ( i. 1/, i) (y.i , y,j- z) ( y, x ,%+z) 

(x ,y, z) ()1+x , )1-y, %- z) (y, x, i) ()1+y, )1 - x , %+ z) 
C222, 92 P4,212 19 P212121 20 

(i , ii, )1+z) ()1 - x , )1+y, % - z) (y, i, )1- z) ()1-lI, )1+x, %+2) 

(X ,y, z) ( x, y, i) (y, x, )1- 2) ( 1/, i, )1+ z) 
C222 93 P4,n 16 P222 21 

(i ,y, z) ( i, 1/, i ) (y, i , )1 - z) ( y, x, )1+ z) 

(x ,y, z) ()1+x, )1-y, )1- z) (y, x, i) ()1+y, )1 - .r, )1+ z) 
94 P422,2 18 P21212 21 C222 

(i , Ii, z) ( )1-x, )1+1/, )1- z) (U , i) ()1 -y, )1+ x, )1+ z) 

(x, y, z) ( x, ,V , )1- z) (y, x, y,j - 2) ( 1/, i,%+ 2) 
02221 95 P4322 17 P222, 20 

(i, ii, )1+ z) ( i, 'V, i) (Y,i, %- z) ( fi , x, %+ z) 

(X, y, 2) ()1+ x, )1-y, % - z) (y, x, i) ()1+y, )1-x, %+ z) 
02221 96 P43212 19 P212121 20 

(i, Ii. )1+ z) ()1-x , )1+y, % - z) (ii, ,f, )1 - z) ()1-y, )1+ x, %+ z) 

(x,Y, 2) ( x, li, i) (y, x, i) ( Y, i , 2) 
97 1422 23 1222 22 F222 

(£.'ii, 2) ( i, Y, i) (y,i, i) ( ,v, x , z) 

(X,Y, 2) ( x, )1-y, % - z) (y, x, i ) ( y, )1 - x , %+ z) 
F222 98 14,22 24 1212,2\ 22 

(i, ii, 2) ( i, )1+y, % - 2) (y, i , i) ( Ii, )1+ x, %+ 2) 

No. Symbol 1st Subset 2d Subset 1st Subset 2d Subset -- - - ----- -- - - - -- -- ----- - -- No. Symbol 

----
Space group of unstrained Coordinates referred to axes of unstrained crystal ------------ ------- - ------ Space group of strained 

crystal, order 8 per --------------- crystal, order 4 per 
lattice point lattice point 

If stressed so that [ITO], [110], 2 II X, Y, Z, any permutation 

TABLE 14. Reduction from 6 to 2 

Space group of If stressed so that z II X , Y , or Z Space group of 
ul1 strained crystal, strained crystal, 
order 6 per lattice order 2 per lattice 

point Coordinates referred to axes of unstraincd crystal point 

No. Symbol 1st Subset 2d Subset 3d Subset No . Symbol 
---- ----

(x ,y, z) (ii, x -y, 2) (y-x,i, 2) 
168 P6 3 P2 

(i , ii , z) (y , y-x, z) (x -y, x, 2) 

(X, V. 2) (ii, x -y, 7Hz) (y-x,i, %+2) 
169 P6, 4 P11 

(i, y, )1+z) (y, y-x, %+z) (x -y, x, 76+ z) 

(X, y, 2) (y, x-y, %+z) (Y-X, i , ~+Z) 
liO P65 4 P2, 

(i,y, )1+ z) (y, y-X, 76+ 2) (x -y, x, %+z) 

(x, y, 2) (ii, x-y, %+ Z) (y-x,i. ~+z) 
171 P6, 3 P2 

(i,y, z) (V, y-X, %+z) (x-y, x, ~+z) 

(x ,y, z) (ii, x-y, ~+z) (y-x,i, %+ z) 
172 P6, 3 P2 

(i,y, z) (y, V-X, ~+z) (x -y,x, %+z) 

(x,y, z) (ii, x -y, z) (y-x,i, z) 
173 P63 4 P21 

(i,y, )1+z) (y,y-x, )1+z) (x -y, x, )1+z) 
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T ABLE 15. R eduction fT om 0 to m 

Space group of If stressed so t hat z II X, Y, or Z Space group of 
unstraincd crystal, strained crystal, 
order 6 per latt ice order 2 pc, lattice 

point Coord i nates rererred to axes of pOint 
unstrained crystal 

No. Symbol 1st Subset 2cl Su bset ,d Suhset No. Symbol 
--- ---

P6 
(x, V, z) (ii,x-y, z) (V - x,i, z) 

174 6 Pm 
(x, y, z) (ii,x-y, z) (y -x, i, z) 

TABLE 16. Reduction jTom 3m to m 

Space group of Sp:lce group of 
unstrained crystal, Coordinates referred to axes of unstraine d crystal strained crystfll, 
order 6 per lattice order 2 per laLt ice 

point If stressed so that point 

No. Sym bol 1st Subset 2d Subse.t 3d Su bset No. Symbol 
---

(x,y, z) (y-x, i, z) ( ii,x-y, z) 
156 P3m! [110] II X, Y, or Z 8 Cm 

(ii,i, z) ( x,x-y, z) (y-x, y. z) 

[IIO] II X , Y, or Z 
(x,y, z) (y - x, i , z) ( ii,x-y, z) 

157 P31m 8 Cm 
(y,x, z) ( x,y-x, z) (x-V, ii, z) 

(x,y, z) (y-x, i, z) ( ii,x-y, z) 
158 P3c! [11 0] 11 X, Y, or Z 9 Cc 

( ii, i , Y2+z) ( X,X-V, Y2+z) (V-x, v, Y2+z) 

[t10] II X, Y, or Z 
(x,y, z) (y-x, i , z) ( ii,x-v, z) 

159 P31c 9 Cc 
(V,x, Y2+z) ( i, V-x, Y2+z) (x-V, V, Y2+z) 

R3m (x,V, z) (y-x, i , z) ( V,x-V, z) 
160 hex . axes [1101 II X, Y, or Z 8 C m 

(ii,i, z) ( x,x-y, z) (V-x, y, z) 

R3c (x,y, z) (y-x, i , z) ( V,x-V, z) 
l61 hex. axes [110] 11 X, Y, or Z 9 Cc 

(ii,i, Y2+z) ( x,x-y, Y2+z) (V-x, v, Y2+z) 

TABLE 17. Reduction jTom 32 to 2 

Space grou p of Space g roup or 
unstraincd crystal, Coordinates referred to axes of unstrained crystal strain e crys tal, 
order 6 per lattice ardor 2 per la tLice 

poin t If stressed so that pOint 

No. Symbol 1st Subset 2d Subset 3d Subset No. Sym bol 

--- ---
(x,y, z) ( ii, x-y, z) (y- x, i, z) 

149 P3!2 [110] 11 X, Y, or Z 5 C2 
(ii,i, i) (y-x, y, i) ( x,x-Y. i ) 

(x, y, z) ( ii, x-y, z) (y-x, i , z) 
!50 P32! [110] II X, Y, or Z 5 C2 

(V, x, i) (x-y, ii, i) ( x, y-x, 0) 

(x. y, z) ( ii , x-y, ).3+z) (y-x, i,7H z) 
151 P3,12 [110] 11 X , Y, or Z 5 C2 

(ii, i,%- z) (y-x, y, ).3- z) ( x,x-Y. i ) 

(x,y, z) ( ii, x-y, ).3+z) (y-x, i,%+ z) 
152 P3,21 [110] II X, Y, or Z 5 C2 

(y,x, i) (x -y, ij, %-z) ( i,y-x,).3- z) 

[110 II X, Y, or Z 
(x. y, z) ( ij, x -y,%+z) (y - x, i, ).3+z) 

153 P3,12 5 C2 
(V,i, ).3-z) (y-x, y,%-z) ( x, x-y, i) 

(x,y, z) ( ii,x-y, %+z) (y - x, i, ).3+z) 
1M P3,21 [110] II X , Y, or Z 5 C2 

(V, x, i) (x -V, ii, ).3- z) ( i ,y-x, %-z) 

155 R32 (x, y, z) ( ii, x-y, z) (y-x, i, z) 

hex. axes [110] II X , Y, or Z 5 C2 
(V,x, i) (x-y, ii, i) ( i ,Y-x, i) 
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TABLE 18. Reduction from 4- to 2 

Space group of If stressed so that z II X , Y , or Z Space group of 
unstrained crystal , strained crystal. 
order 4 per lattice Coordinates referred to axes of order 2 per lattice 

pOint unstrained crystal point 

No. Symbol 1st Subset 2d Subset N o. Symbol 
-------- ----

(x, y, z) (ii, x, z) 
75 P4 3 P2 

(i,ii, z) (y, i , z) 

(x, y, z) Cti, x, >,:+ z) 
76 P41 4 P21 

(i,ii , v,+z) (y, i , ')i+z) 

(x,y, z) (ii, x. v,+z) 
77 P4, 3 P2 

(i, ii, z) (y, i. v,+z) 

(x,y, z) (ii, x, ')i+z) 
78 P4, 4 P~l 

(i,ii, v,+z) (y, i , >.:+z) 

(x,y, z) <ii, x, z) 
79 14 5 C2 

(i, ii. z) (y. i, z) 

(x,y, z) (ii, v,+x. >,:+ z) 
80 141 5 C2 

(i, ii, z) (y, v, - x, >.:+ z) 

TABLE 19. Reduction fl'Om '4 to 2 

Space group of If stressed so that z II X, Y, or Z Space group of 
unstrained crystal, s trained crystal, 
order 4 per lattice Coordinates referred to axes of order 2 per latt ice 

point unstrained crystal point 

No. Symbol 1st Subset 2d Subset No. Symbol 
---- ----

P4 
(x, y, z) (ii,x, z) 

81 3 P2 
(i, 'ii, z) (Y, i, z) 

14 
(x,y, z) (ii , x.!!) 

82 5 C2 
(i, ii, z) (Y, i . z) 
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TABLE 20. Reduction from mm2 to m 

Space grou p of If stressed so that x II X, Y , or Z Space group of If stressed so that y :I X, Y, or Z Space !.oup of 
ullstraincd crystal, strai ned crystal , slraino crystal, 
order 4 per lattice order 2 per latt ice order 2 per lattice 

point Coordi nates referred to axes of u ll sirained crystal point Coordin ates re ferred to axes or un strainod crys tal point 

No. Syml)ol 1st Subset 2d Subset No. Symbol 1st Subset 2d Subset N o. ymbol 
------ ---

( x, y, z) ( x, y, z) ( x, y, z) ( i, 1/, z) 
25 PIllrn2 6 Pm 6 J: ll1 

( i, 11, z) ( x, ii, z) ( x, ii, z) ( i, 1/, z) 

( x, y, z) ( x, JJ ,7H z) 
26 Pmc2] 6 Pm 

x, y, z) ( x, y, z) 
7 Pc 

( i , y, z) ( x, ii,7H z) ( x, 11 , )'-H z) ( i, ii,Yz+ z) 

( x, y, z) ( x, ii, Yz+ z) ( x, y, z) ( x, y, Yz+ z) 
27 Pcc2 7 Pc 7 Pc 

( i , y, Yz+ z) ( i , ii, z) ( x, ii, Yz+ z) ( i, ii, z) 

( x, y, z) (Yz+x, ii, z) ( x, y, z) (Yz-x, y, z) 
28 PlIl a2 6 Pm 7 Pc 

(Yz-x, y, z) ( x, ii, z) (Yz+x, '.ii, z) ( i, ii, z) 

( x, y, z) (Yz+x, 11, z) 

I 
( x, y, z) (Yz-x, y, Yz+ z) 

29 Pca21 7 Pc 7 Pc 
(Yz- x, y, Yz+z) ( x, 11. Yz+ z) (Yz+ x, 1/, z) ( x, ii,Yz+ z) 

30 Pnc2 
( x, y, z) ( x, Yz- lI , Yz+ z) 

7 
( x, y, z) ( x, Yz+v, Yz+ z) 

Pc Pc 7 
( i , Yz+y, Yz+ z) ( i , 1/. z) ( x, Yz- Y, Yz+ z) ( x, 11, z) 

31 Pmn21 
( x, y, z) (!/z+ x, ii, Yz+ z) 

6 Pm 
( x, 11, z) ( x, y, z) 

7 Pc 
( X, y, z) (Yz - x, 1I, Yz+ Z) (Yz+~. 11, Yz+ z) (Yz - x, ii , Yz+ z) 

32 Pba2 
( x, y, z) (Yz+x, Yz -y, z) 

7 
( x, y, z) (Yz - x, Yz+y, z) 

Pc Pc 7 
(Yz - x, Yz+y, z) ( x, 17. z) (Yz+x, Yz-y, z) ( x, 11 , z) 

33 Pna2, 
( x, y, z) (Yz+ x, Yz -y, z) 

7 Pc 
( x, y, z) (Yz -x, Yz+lI, Yz+ z) 

7 Pc 
(Yz - x, Yz+y, Yz+ z) ( x, ii,Yz+ z) (Yz+x, Yz -lI, z) ( x, ii,Yz+ z) 

( x, y, z) (Yz+ x, Yz -y, Yz+ z) ( x, y, z) (Yz-x , Yz+lI, Yz+ z) 
Pc 34 P nn 2 7 Pc 7 

(Yz - x, Yz+lI, Yz+ z) ( .f, ii, z) (Yz+ x, Yz-y, Yz+ z) ( x, ii. z) 

( x, y, z) ( x, 1/, z) ( x. y. z) ( x, 1/ , z) 
e m 35 Cmm2 8 Om 8 

( i . 1/ , z) ( x. 17. z) ( x. ii. z) ( x. 1/, z) 

( x. y. z) ( x. ii.Yz+ z) ( x. Y. z) ( x. y. z) 
ec 36 Cmc2] 8 em 9 

( i. Y. z) ( x. ii.Yz+z) ( x, 11. Yz+ z) ( x. ii. Yz+ z) 

( x. y. z) ( x, ii,Yz+z) ( x. y, z) ( x, Y. Yz+ z) 
Co 37 Ccc2 9 Cc 9 

( x, y. Yz+ z) ( i , 11, z) ( x. 11 . Yz+ z) ( x. ii. z) 

( x, v, z) ( x. ii, z) ( x. y. z) ( x. y, z) 
e m 38 A 111 1112 6 Pm 8 

( i, y, z) ( x, ii. z) ( x, ii . z) ( x. fj , z) 

( x, y, z) ( x, Yz- y, z) ( x, y, z) ( i . Yz+lI, z) 
39 Abm2 7 Pc 8 e m 

( i. Yz+y, z) ( i, ii, z) ( x, Y2-y, z) ( x, ii, z) 

( x. y, z) (Yz+x, ii. z) ( x. y. z) (Yz - x, y, z) 
40 Ama2 6 P111 9 Co 

(Yz-x, y. z) ( x, ii, z) (Yz+x, ii, z) ( i, ii, z) 

( x. y. z) (Yz+x, Yz-lI , z) ( x. y, z) (Yz - x. Yz+y. z) 
Cc 41 Aba2 7 Pc 9 

(Yz-x, Yz+y. z) ( x, ii, z) (Yz+x. Yz-y, z) ( i , ii, z) 

( x. y. z) ( x. ii. z) ( x, y, z) ( x, y. z) 
42 Flnm2 8 Cm 8 em 

( -. y. z) ( x. ii. z) ( x, ii, z) ( i . ii, z) 

( x. y. z) ()4'+x,)4'-y,)4'+z) ( x. y. z) ()4'-x. 74+y. 74+ z) 
Cc 43 Fdd2 9 Cc 9 

()4' - x, )4'+Y. 74+z) ( i, fi. z) ()4'+x,)4'-y, 74+ z) ( x. fi, z) 

( x, y, z) ( x, ii. z) ( x, y, z) ( i, y, z) 
44 Imm 2 8 C m 8 Cm 

( i, y, z) ( x, ii. z) ( x. ii, z) ( x, ii, z) 

( x, y, z) ( x, ii,Yz+z) ( x. y. z) ( x, 11. Yz+z) 
Cc 45 Iba2 9 Cc 9 

( .f, 11, Yz+ z) ( i , ii. z) ( x, ii, Yz+ z) ( x, ii. z) 

( x, y , z) (Yz+x, ii. z) ( x, y, z) (Yz-x. y. z) 
46 Im a2 8 em 9 Cc 

(Yz-x , y, z) ( x, ii, z) (Yz+x. fi, z) ( x, ii, z) 
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T A BLE 21. R eduction f rom mm2 to 2 

Space group of If , tressed so t hat z II X. Y, or Z Space group of 
un strained crystal, strained crystal, 
order 4 per latt ice Coordinates referred to axes of order 2 per latt ice 

p oint unstrained crystal point 

No. Symbol 1st Su bset 2d Su bset No. Symbol 
--- ---

( x,Y, z) ( x, ii. z) 
25 P mm 2 3 P 2 

( i,ij. z) ( i, y, z) 

( x ,y, z) ( x, ii , 7H z) 
26 1?mc21 4 P2, 

( i, ii,y2-/- z) ( i, Y. z) 

( x,Y, z) ( x, ii,7Hz) 
27 Pcc2 3 P2 

( i, ii, z) ( I t y, >1+z) 

( x,Y, z) (>1+x, ii, z) 
28 Pma2 3 P2 

( i,fi , z) (>1-x, y, z) 

( x,y, z) (>1+x, ii, z) 
29 Pca21 4 P2, 

( i, ii,>1+ z) (>1-x, y. >1+z) 

( x,y, z) ( x, >1-y, >1+ z) 
30 P nc2 3 P2 

( i,ii , z) ( i, >1+V, >1+ z) 

( X,V, z) (>1+x, ii, >1+ z) 
31 P mn21 4 P 2, 

(>1-x, ii. >1+z) ( i , y, z) 

( x,y, z) (>1+x, >1-y, z) 
32 P ba2 3 P2 

( f,li, z) (>1-x, >1+y, z) 

( x,y, z) (>1+x, >1 - y, z) 
33 1~na21 4 P2, 

( i,ii,>1+z) (>1-x, >1+y, >1+z) 

( x,y, z) (>1+ x, >1-y, >1+z) 
34 Pnn2 3 P 2 

( i,fi, z) (>1-x, >1+y. >1+z) 

( X,1f, z) ( x, ii, z) 
35 Cmm2 3 P 2 

( i . fi . z) ( i, y, z) 

( x,Y, z) ( x, ii, >1+z) 
36 C m c2, 4 P21 

( i,O,>1+z) ( i, y, z) 

( x,y, z) ( x, ii, >1+z) 
37 Ccc2 3 P2 

( l ,fj, z) ( i, 11, >1+z) 

( x,y, z) ( x, ii, z) 
38 Alnm2 5 C2 

( i,ii, z) ( i, y, z) 

( x,Y, z) ( x, >1-y, z) 
39 Abm 2 5 C2 

( x,y, z) ( i, >1+y, z) 

( x,y, z) (>1+x, ii, z) 
40 Ama2 5 C2 

( i,:Q, z) (>1-x, y, z) 

( x,y, z) (>1+x, >1-y, z) 
41 Aba2 5 C2 

( x,ii. z) (>1-x, >1+V, z) 

( x, y, z) ( x, ii, z) 
42 Fmm2 5 C2 

( i,fi , z) ( i, y, z) 

( x,y, z) ()4+x, )4 -y, )4+z) 
43 l' dd2 5 C2 

( i,fi, z) ()4 -x, )4+11, )4+z) 

( x,y, z) ( x, ii, z) 
44 Imm2 5 C2 

( i,fi, z) ( i, V, z) 

( x,y, z) ( x, ii , >1+ z) 
45 Iba2 5 C2 

( i,ii. z) ( i, 1/, >1+z) 

( x,y, z) (>1+x, ii, z) 
46 Im02 5 C2 

( i,ii, z) (>1-x, y, z) 
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"'"' -.:J 
-.:J 

Space group 
of unstrained 
crystal , order 
4 per lattice 

pOint 

N o. Symbol 
--

16 P222 

17 P222, 

18 P2,2,2 

19 P2,2,2, 

20 C222, 

21 C222 

22 F 222 

23 I222 

24 I21 2121 

If stressed so that x II X, Y, or Z Space group 
of strained 

Coord inates referred to axes of 
crys tal, order 
2 per lattice 

unstrained crystal point 

1st Subset 2d Subset No. Symbol 
--

( x, y, z) ( i, y, z) 
3 P 2 

( x, ii, z) ( i, ii, z) 

( x, y, z) ( i, y, )1-z) 
3 P2 

( X . ii, z) ( i , ii ,)1+z) 

( x, y. z) (Yz-x, Yz+y, z) 
4 P 21 

()1+ x, Yz -y, i ) ( i , ii, z) 

( x, y, z) ( i, Yz+ y, Yz- z) 
4 P2] 

()1+x, y,-y, z) (Y,-x , ii , y,+z) 

( x, y, z) ( i , y, Y,-z) 
5 C2 

( x, ii, z) ( i , ii, y,+ z) 

( x, y, z) ( i , y, i) 
5 C2 

( x, ii, z) ( i, ii, z) 

( x, y, z) ( i , y, i) 
5 C2 

( x, ii, i) ( i , 1/, z) 

( x, y, z) ( i, 'Y, z) 
5 C2 

( x , ii, i) ( i, ii, z) 

( x, V, z) ( i, y,+V, y,- z) 
5 C2 

(Y,+x, y,- y, z) (Y,-x , ii, y,+z) 

T A BLE 22. R ea1lction fr om 222 to 2 

If stressed so that y II X, Y, or Z Space group If stressed so that z II X, Y , or Z Space group 
of strained of strained 

crystal , order crystal, order 
Coordinates referred to axes of 2 per lattice Coord ina tes referred to axes of 2 per lattice 

wlstraincd crystal point unsLrained crystal poi nt 

1st Subset 2d Subset No. Symbol 1st Subset 2d Subset No. Symbol 
- -- ---

( x, y, z) ( x, ii , z) ( x, v, z) ( x, ii, z) 
3 P 2 3 P2 

( i , y, z) ( i, ii , z) ( i ,y, z) ( i, Y i) 

( x, y, z) ( x. ii, i) ( x,y, z) ( x, fi , i) 
3 P 2 4 1"'21 

( i, y, Yz-z) ( i, ii, Yz+z) ( i , Y, Yz+ z) ( i , y , Y2-z) 

( x, y, z) (Yz+x, Yz-y , z) ( x,V, z) (Yz+x, Yz - y, i) 
4 P 2, 3 P 2 

(Yz-x , Yz+y, z) ( i, ii, z) ( x,ii , z) (Yz-x , Yz+y, z) 

( x, y, z) (Yz+x, Yz - y, z) ( x, y, z) (Yz+ x, Yz - y. z) 
4 P 2, 4 P 21 

( i, y,+y, y,- z) (Y,-x, V, )1+z) (Y,-x , ii, y,+ z) ( i , y,+y, Y,-z) 

( x, y. z) ( x, ii . z) ( x,y , z) ( x, ii, i) 
5 C2 4 P 21 

( i , y, )1-z) ( i, ii, y,+ z) ( i , ii, Y,+2) ( i, y, Y,-2) 

( x, y, z) ( x , ii, z) ( x,Y, 2) ( x, ii, i) 
5 C2 3 P 2 

( i, y, i) ( i, ii, z) ( i,fi, z) ( i, y, z) 

( x, y, 2) ( x, ii, i) ( x,v, z) ( x, fi, z) 
5 C2 5 C2 

( i, y, i) ( i, ii, z) ( x,ii , z) ( i, y, i) 

( x, y, 2) ( x, ii, i) ( x , y, z) ( x, fi, i) 
5 C2 5 C2 

( i, y, '!) ( i, ii, z) ( i,ii, z) ( x, V, i) 

( x, y, z) (Yz+x, Yz - y, i) ( x,Y , z) ()1+x, y,- y, i) 
5 C2 5 C2 

( i, y,+y, )1+2) (Y, - x, ii , y,+z) (Y,-x, ii, y,+z) ( i, y,+ y, y,- 2) 
I 



T A BLE 23. Redllction fTom 3 to 1 

Space group of No specialization of stress Space group of 
unstrained crysta l, s trained crystal, 
order 3 per latt ice order I per lattice 

point Coordinates referred to axes of unstrained point 
crysta l 

No. Sym bol 1st Su bset 2d Subset 3d Su bset No. Sy m bol 
--------

143 P3 (x, y, z) (iI,x - y, 2) (Y- X,i. z) I P I 

144 P3, (X,y, 2) CiI .x -y, %,+2) (y- .T, i , %+ z) I P I 

145 P3, (x, y, z) (V, x -y, %+2) (V-X, i, %,+ z) I P I 

146 R3 (x, y, z) (ii .x - v, 2) (Y-X, i, z) I PI 
hex. axes 

T ABLE 24. Reduction fr om m to J 

No speciali zation of stress 
Space group of Space group of 

unstrained crystal , strain ed crystal, 
order 2 per lat t ice Coordinates referred to axes order 1 per latti ce 

poin t of unstrained crystal point 
(m.ly) 

N o. Symbol 1st Su bset 2d Su bset N o. Symbol 

6 Pm (x, y, z) (x, y, z) 1 P I 

7 P c (x, Y, z) (T,y, Y2+ 2) 1 PI 

8 em (X,Y, 2) (X, y, z) 1 1' 1 

9 Cc (x, y. z) (x, y,Y2+ z) 1 PI 

TABJ~E 25. Reduction f rom 2 to 1 

No specialization of stress 
Space group of Space group of 

unstrained crystal, strained crystal, 
order 2 per lat t ice Coordinates referred to axes order 1 per lat t ice 

point of unstrained crystal 
(2I1 Y) 

point 

No. Symbol 1st Subset 2d Su bset 
i 

No. Symbol 

3 P 2 (X, y, 2) (i , y, z) 1 PI 

4 P 2, (x, y, z) (ix, Y2+y, z) 1 PI 

5 C2 (T,Y, z) (i, y, z) 1 PI 

T A Bf.E 26, ftlost general stTess consistent with a reduction of a noncentrosymmetric point grou p to anyone of i ts stress-induced 
S1lbgrou ps 

I nitial 
grou p 

Self 
su bgroup 

4 2m 422 3111 

Subgroup 

1\1i nilllum_ ---+Com pound 

32 3 mm2 222 III 2 

----- --1,-----1--- ·---1-----1-----1--- ------1-------- ---- - - ----

43m X = y = z X = Y ;z !1 Z X = Y; [1111 11 z ___ _______ __ __ __ _______ __ _ [110] . [11 0], z II 
x, Y, Z , any 
permutation 

----- - ---li---- - - --1--- -

432 X = Y =Z ___ ____ ______ __ _ X = Y ; z Il Z _______ ___ __ ____ X = Y; [1111 11 z _____________ ____ ______ ____ _ 

x, y. 2 II x , Y, Z , ~1I~) II '{ \ J 
any permutation X , i or .. Z ' or A llY 

1

---

x, Y. z or [1 10], l ' or [1l 0] 
[110], 2 11 X, Y , Z, ___ ___ ____ II X , Y , Any 
any permutation or Z 

23 X = Y = Z -------- - --- - --- ----- - -- - - --- -- - - - -- - - -- - - ----- - ----------------1 [GI1IT'Z 1------------ ------/ ~;,~ ;eIL;~trti~~ xii 
X, Y , or A ny 

Z 

478 



TABLE - Continued 

Subgroup 
Initial' 
group 

Self mm2 222 m 2 1 
s ub group 

[110J, [110], z II [,10';::'ZJ[ F~'"" ] 6m2 X = Y, [1I0J ' for' JI IOJ; for 
(hex. axes) z II Z X, Y, Z, an y - - -- - - - -- - - - - - - - 62m : h 10] , 62n;. [110J Any 

permutation II X, Y , or II X'i' or 
Z 

----
6mlll X = Y , z, y II any two [llOJ or [lIO] z II An y 

(hex. axes) z II Z of X, Y,Z --- ---- - - - -- --.- II X, Y, or Z X , Y, or Z 

----
622 X = Y, z, y II any two -- ---- ---- --- - -- [110], [110], or z Any 

(hex. axes) z II Z -- ---- -- -- --- - -- of X, Y, Z II X, Y, or Z 

---
6 X = Y, - - -- ------ --- - -- -- - - -- - -- --- ---- -- - - - - _. - - . - - --- z Ii Any (hex. axes) zII Z X, Y, or Z 

6 X = Y, --- - - - -- ---- - -- - -- -- --- - ----- --- zII ---- -- --- -- - - --- An y (hex. axes) zII Z X, Y, or Z 

---

[ ""'m l[ E""'m ] [ For 42111 : ] [110], ~110], I 1', y, z; for [ For 42m: 
] x; for 4m2: 

X = Y , z; for m2: 4m2: [110], ~1l0]; for [IlOJ II X, 42m z Ii Z T, y, Z U X , J [I1OJ , z II m2: x II Y, or Z An y 
Y, Z, any I X , Y, Z, X, Y, or or z II X, pennuta- any per- Z Y, or Z tian mutation 

x, y , z or [110], 

4mm X = Y , [110], z II X, x or [11 0] Z II An y z Ii Z Y, Z, any -- -- --- - -- -- ---- Ii X, Y, or Z X , Y , or Z 
permutation 

x. y, z or [110], 

422 
X = Y, 

---- - -- --- -- - - - -
[liD], z II X, 

-- ---- - - -- - - ----
x, [110], or z Any z II Z Y, Z , any II X, Y , or Z 

perm_utation 

4 X = Y , 
--- - - ---- - --- _. - zII An y z II Z -- -- -------- ---- - - - - ----- - - -. --- X, Y , or Z 

4" X = Y, zII Any 
zII Z -- - - -- -- ---- ---- - - - - ---- -- -- - --- - - - - - - - - -- - - -- - - X, Y, or Z 

---
[ For3ml : ] 

3m X = Y, [110]; for 

(hex. axes) zl[ Z -- - ----- - - -- - - -- - - -- --- - ---- --- - 31m: [1I0] - - -- -- - - - - -- -- -- An y 
II X, Y , or 

Z 

[ For 321: ] 
32 X = Y , [110J ; fQr 

(hex . axes) zl[ Z -- - --- -- ---- ---- -------- ---- ---- -- -- ------- - ---- 312: [110] A ny 
II X , Y,or 

Z 
---

---------------- \ I 3 X = Y, Any (hex . axes) z II Z - -- - -- ----- - --- - - - - -- - ------ --- - - - ---- - - -- - - -- --

x, y, z II 

>< >< 111m2 X,Y,Z, x or y , II X, Y, or Z Any any II X, Y,orZ 
penn. ---
~ >< ><1----------------222 X, Y , Z , x, y, or z Any any II X, Y,or Z 

perm. 
~ 

m (l-y) y II ~ ~/I~ ~/ Any 
.X~, Y, or /~ ~/~ ~ Z 

2(lIu) 
y II ~ ~~//r'''-~/ ~/ X , Y, or Any 
Z /~ /~/~ /~ 

I Any ~/ ~/I~'/ >< >< ~ /~/~~ 
L arge square brackets indicate same subgroup in equivalent setting. 

(Paper 69A5- 368) 

479 


	jresv69An5p_461
	jresv69An5p_462
	jresv69An5p_463
	jresv69An5p_464
	jresv69An5p_465
	jresv69An5p_466
	jresv69An5p_467
	jresv69An5p_468
	jresv69An5p_469
	jresv69An5p_470
	jresv69An5p_471
	jresv69An5p_472
	jresv69An5p_473
	jresv69An5p_474
	jresv69An5p_475
	jresv69An5p_476
	jresv69An5p_477
	jresv69An5p_478
	jresv69An5p_479
	jresv69An5p_480

