
PROPERTIES O F  TEXTURES WITH LI&LITING 
POINT GROUP XYMMETRIEX 

(Eeeeived 1 December 1965) 

The effect of symmetry on the physical properties of testni'es which possess conventional 
and ~llagnetic limiting point ,c;roup sy~n~iletries is cl:ac.ussed. Forinulae to  obtain the 
number of independent components of diyerent luagnetic l~roperty tens )rs in anch materials 
a:ld the resulta obtairzed in reslject cf' pyronlagnetisili, 1nagnet11-electric po1:irieability and 
~iezoniagnetism are given. 

An isotropic body can be built from minute particles of a crystal provided care is 
taken to  see that they are densely packed, homogenously distributed and randomly orien- 
ted. Tllis, however, is not possible i11 some exceptional cases such as where the crystal 
chosen belongs to an enantiomorphous class. To say that the body is isotropic is equi- 
valent to saying that the s p m e t r y  of the macroscopic texture is that of the full orthogonal 
group R mi. Polycrystalliiie metals serve as examples of such isotropic bodies. f i n  
we assert that a polycrystalline body is isotropic, we have to adopt an appropriate inter- 
pretation of a symmetry operation as applicab16 to such bodies. We cannot demand, as 
wn do in the cane of sing142 crystals, tliiit a symmetry transformation should. carry every 
atom to its equivaleilt position. It is sufficient if the density of packing, homogeneity 
and the type of randomness in respect of orientation are identical at &ll the equivalent 
positions-arising from a transformation. The transformation may then be taken as a 
symmetry transformation of the polycrystalline body. Such an interpretation of a 
syxunetry operation leads us to recognize distinct classes of symxnetry possible for such 
bodies. For example, if the crypts1 partlicles belong to p ~ l a s s  which can exist in two enan- 
tiomorphous forms and if the particles are all of one such form, the polycrystalline body 
cannot poseeis the synuiietry operations of reflection and inversion. It possesses the 
symmetry of the full rotation group R, . 

For deriving other distinct classes of such macroscopic symmetry, let us start from 
particles of a crystal that belong to one of the C, (n = 1, 2, 3, 4, 6) classes. If the unique 
axes of all the' particles are aligned in the same direction and if there is complete random- 
lxss of orientation in the plane perpendicular to the unique axis, the body possossos the 
synmetry C ,. This group is the limiting group of all Cn groups. In  a similar way, 
it is possible to  conceive of polycrystalline bodies which belong to the classcs C ,, C 
D , and .D ,a which are respectively the limits of C,,, C d  & S,, , D, and D* & Dnd 
groups. Them five limiting groups together with R m and R mi, which may be considered 

- a s  the limiting groups of the cnbic classes, are known as the 7 Curie groups. 

The polycrystalline bodies described earlier may be regarded as particular examples 
of substances known as textures. A texture is, in general, defined as a composite body 
consisting of minute particles which are oriented in space in a definite way. Besides the 
p~l~crystalline bodies fibrous materials such as wood, layered media, liquid crystals con- 
sisting of molecules ori6nted in the same direction, electrets consisting of dipoles orient ed 
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CURIE GROUPS AND THEIR IIAQNRTIC V.\RTSNTS - 

No. Schoenflies Shub'niliov Inter- Elenlenta 
nationa,lg 

1 C m ob 00 All rotations Cq, about x single a,xis. 

A11 Cp aurl rn~ii~~leinentnry rotations Cq, ahol~t  - a single xsis. 

warn ~ b ~ n  All C9 about n single axis nntl : ~ l l  111iwt)rs m passing 
through that, axis. 

4 o3.m oolh -411 Ctp and all m. - 

AI! C'p, C'cp and it11 m, m - - 

G Cab 00: m 00 m All CT about a single nsis awl all rotation ~.eAec- 
tions Cq about that  axis. 

+- 

A11 Cq ant1 all C; - 

A11 Cq. Cq and all 6, Ckp - -L 

cn: 2 032 A11 C q  abont a. sirlgle axis u it11 C2 axe& in n plane 
perpendicular, t o  it in all pcssible directiclns. 

All C9 and C, - 

=: 2 
an: 2 - - 

All Cq, Cq ancl C,, C, - A 

ma cn :m 3 co,'m All the elements of the groups 0 ,v, 0 ,h and 
CI D* 

111. 00 :m m m;m 
e C C 

A11 Cq,, m, d ecp, C,. 
C 

m - m : n ~  mcnlm All t.he elelnents of group 13 and all their comple: 

@'I cnm 'I'he fill1 rntxtion group i.e. il!l posdible rotations 
ahout all prlssible ases pns,i;ng t,hrough a point. 

*,S~mbols under this cohlmn have heen nhtai~leil by ~i~i tab l \ .  Adapting the notation alrrndp in use for 
finite groups. 
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No. Schoenflies Shnbnikov Inter- 
national 

Eleinents 

o"/L3 * 22 All the elements .oT the group 17 and their comple. 
men ts. 

10 R,i m/ cn-in w cnii1 The full orthogonal group i.e. all rotations about 
aU po~sible axes passing through a point and their 
cni-responding rot,ation-reflcctinns. 

W / O O . ~  03 wm All the- ele~neilts of group 19 except that the rotation- 
Y C reflections are talien as comj~leiiientary opera- 

tions. 

GO/ $8~ .III 00 ooni -411 the elements of croup l!) a n d  all t'heic complo- 
hd ments. 

s31m.m - U 
ClO mll1 -.-, 

in the same direction and magnets with like orientation of electron spills l~ave been cited 
by Shubnikev as examples of textures. Prom amongst the textures which possess a great 
variety of synlmetry, tlzose possessing the symmetry of tl1c lirnitiir,n qroups are of particular 
interest. physical properties of such textures are of solne impontakce and particular men- 
tion may be made of the piezoelectric textures studied by Shu1)niliov et r i l l .  in this colltr?xt. 

M A G N E T I C  T E X T U R E S  

I n  the polycrystalline bodies, if a distinctive feak~re like the magnctlic moment is 
associated with the crystal particles, it is possible that a spatial symmetry operation will 
bring the body into self-coincidence in all rc~pccts but may v;'sult in a reversal of the mag- 
netic momfints. Thus, as in tlzc casc of crystallograplric poiilt groups, we are led to 
dlefint? the reversal of magnetic momt?nt and the coillbined operations of*ordinary spatial 
transformations followed by reversal of maqnetic n~onlents as possible syrnl~~etry opera- 
tions of such bodies. Such coinbined operations are callecl the c~lnl~lcrncnt~s of thc corres- 
ponding convel~tional operations and they are designated by nilde~scol+iug tlre symbol 
for the coiiventional operation. The revetrsal of nlagnetic nzomcnts by itlsclf is denoted 

by g a n d  it is the complement of the identity operation? The in.vcstigat~ioi~ of ohtaio 

ing the possible point groups of such bodies, in the gtiireralizcd sense, leads 11s to tho 
clerivation of the l~ossible magnetic varialzts of the 7 Curit? grol~ps? Tl~ey arc list'ecl in 
Table 1. 

The groups 2, 5, 8, 11, 16, 18 and 21 arc called grey groups; 1, 3, 6, 9, 12, 17 and 19 
are called single colo~~red or colourless gronps and the remaining seven, namely 4, 7, 10, 
13, 14, 15 ancl 20 are called mixed or dou blc coloured groups. The single coloured groups 
have already been shown to he tlre linlitiilg groups of ap~ropriato finite point gronps. Each 
of the grey gro11psaalld tl10 double colourc?d groups can also LO sllown to lx tl10 linliting 
groups of a series of finite magnetic point groups. Tile 21 groups may, therefore, be 
referred to as the limiting groups. 



P H Y S I 3 A L  P R O P E R T I E S  O F  T E X l ' T J  R E 8  

We shall assnmc that any physical property of a texture p~ss~sst~rs at h s t  trh e synlmo- 
try of the texture. I n  other words, we assume thnt Ne~~n~ann's priilcilde is applicable to 
textzves. The schemee of components of physical propertics of textures represented l)y 
tensors of various ranks can be readily derived. WTe shall, however, 1naiid.y derive tir! 
numbers of independent components thnt phj.sicnl ~,ropcwticls call possess in textures 
belonging to  these limiting groups. The derivation of t l ~ c  scl~eiz~cs of non-vanishing 
coefficients in these limiting groups is greatly f:icilit;~tcci by a lil~owledge of the u~u~iber 
of independent coefficients. The n~ambers of independent conll~onents that tcnsors of 
various ranks can possess when subject to the synlrnetries of the 7 Curie groups, have 
been derived by Rahman4 by eutc~~cling a formula g i v ~ a  earlier by Bhagavantam5. 
Bhagavantam and Pantulu2 have extcndad tllcs41 invcstigatiorls to magnetic properties 
in respect of the 90 magnetic point groups. The mihthod alld formulae for obtaining the 
numbers of independent components of magnetic lwopertit\s in tcxtues possessing thc 
21 limiting point groups are given b~low. 

For t b ~  7 sing19 colouxed groups, the formulae alrcncly give11 by Itahman have t o  
bo used. Magnetic properties adre forbidden in bodies posscssii~~g the synmetry of grey 
groups and the number of coefficients is, therefore, zero in sac11 one of t'llrse cases. Table 2 
gives tho formulae for obtaining the numbers of indepemd~rlt componeiitrs of magnetic 
property te~sors  in respect of the 7 do~fl~le colonred or mixed limiting groups. 

Tzr.,~ 2 
FOC~TUL ZE FOX NLTMTSET'. OI' IST) CPCNDEUT l'OITI'ON1:Xrr~ 

Group Xur~lbrr of C'o np .nerl:s 
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~(4) is the character of a pure rotation through 4 and $(+) is the character of a rotation- 
reflection through $ ill the terisor representation. The specid transformation properties 
of iaagllf:tIic tensors under complementary operations have been taken account of in the 
formolae given in Table 2. For detailu, reference may be made 60 Bhagavantam and 
Pant 111u~. 

The characters x axid z,b in the repres~ntatitionx forrlied 11y teilsors appropriate 
to (I) pyromagnrtisrn, (2) magnetoelectric polalrizabilitly and (3) piezomagnetism are 
given below : 

- _I 

Property ?! (9) $ (Y) $ -  

~ T O .  

By substituting these expressions for x ancl 6 ill the funnulac 8ivt.n ill rfferencc 
+1 arlcl bhe fornlulae given in Table 2, wc ol~t~ain the? nrn~lbttr. of iildc])(~ndent coiutants or 
thssu proyc~tiel; ill respect of trhe single colour groups a l l d  niisocl groups respctive1~-. 
The results for all tile ~ P O U ~ S  are given in Table 3. 

Group Yroperty KO. 
xn. -.---FA--- 
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TABLE 4 

CORRESPONDENCE BETWEEN THE LIMITING AND FINITE GROUE S 

Group 
No. 

Property No. 

(2) ( 3 7  

Group Property Xo.  
No. r----\ 

(21 (3) 

Gmm 

By comparing the Table giving the number of independent coefficients in the 90 
magnetic crystallographic groups2 with Table 3, we find that the number of indepen- 
dent constants in a limitin! group is the same as that in the crystallographic group of 
highest possible sprne t ry  m the series of groups that tend to this limiting group. For 
properties (2) and (3), this turns out to  be the hexagonal group. It follows that in the 
limiting group as well, the same scheme as in the corresponding hexagonal group will 
be obtained. Table 4 brings out this correspondents and enables the scl~e~nc for any limiting 
group being readily written out as it has already been given for tlie crystallographic 
groups63 7. 

1- 
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