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Cnunosass P-cumMeTpus MarwdTHLIX xpHcraanor. Monoxiadhirie
M pOMGHYCCKHE CTPYKTypbl

Paccnmorpena Teopust npocTpaHC TBEHHBIX CIIHHOBLIX I'PYNN B NpubGAHiie-
HUU P -cummerpus H ykaldaHa ofllasi CXxema HX BLIBOAA. 3ajada BLIBOAA BCeX
NPOCTPAHCTBEHHLIX CHHHOBLIX TPYNN MocTaBleHa 3aech And Tex “centejficts”
CIIHHOBLIX CpyNI, KOTOpble CB#A3aHEl C peallbHbLIMM MATHUTHLIMU CTPYKTYpAartd,
Ona storo ponxHa 6LITH onpedciieHa CNMHOBAs CHMMETPUA DKCHepHMEHTANBHO
YCTAHOBJEHHLIX MATHHTOYNOPAAOUYEHHLIX KpHCTannos, [lpuBeneHwv rabauin
rpynn cumMmeTpHH CTPYKTYP MOHOKJAMHHON 11 pomBuyeckol cucrem, CruHobhie
NPOCTPAHCTBEHHLIE FPYyHIibl ONpeielieHk Ha OCHOBE CyWeCTBYKIIHX
HeliTpoHorpaduueCckx OaHHLIX,

Pa6Gora punonkeua B JlaGoparopun teoperuuyeckoit duauxu OH A,

Coobwerne O6ve HHEHHOr0 HHCTATYTA ALEPHLIX HccnenoBauui. Jdybua 1977

Kucab M., Koptsik V.A.

Spin P-Symmetry of Magnetic Crystals.

Monoclinic and Orthorhombic Structures

mation is briefly reviewed., The spin space groups of
magnetic structures belonging to the monoclinic and
orthorhombic systems are given.

The investigation has bLeen performed at the
Laboratory of Theoretical Physics, JINR.
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The theory of spin space groups in P-symmetry approxi-
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~(P)
The sp1n space group of P-symmetry &g

is defined % as the group of all sp1n—
space transformations (p.¢) whlch leave inva-
riant a spin density function S(n

13)-5@). (1)

(P, )8 (r )=pS(¢
Here, ¢ is an element of the space (Fedorov)
group ®= TG, p is an element of the group
P-~ « 1’ consisting of all three-dimensio-
nal rotations and time inversion 1’

The group d)g) is a subgroup o{ the
direct product of the '"load" group P and
the '"basis' group ¢:

5 (P) % _

Q)S CP x & 2)
The groups P and ® act in different spaces.
In eq. (1), an element ¢ of ® acts only on
the coordinates * of magnetic atoms, while
an element p of P acts only on the compo-
nents of the spin vectors.

A spin space group is a direct product of
a spin-only groupp and a junior (nontrivial)
spin space group ®(m /2:8/ " The groups P are
as follows:

02’2’ @1) 1
=1( )' Pp=1 4 "’5:1() (3)

o



for linear, planar and spatial magnetic
structures, respectively. Accorg%ng to the

general theory of P- -symmetry " a col-
lection of load elements p in the Junlor
group o - o forms a group, which is

lsomorphlc to the factor group ®/®*. The
load elements p of P are paired with basis
elements ¢ of ® by the homomorphism:

D > P/ P*, (4)

where ®* 1s a normal subgroup of & and P
is a subgroup of P. Every nontrivial spin
group o is isomorphic to basis group ®.
The scheme {4) is used as the general
principle of derivation of all spin groups.
The spin point groups
(P} (p)

CP x G G. o G, (5)

Gy < : <

where G is a crystallographic point group,
are tabulated in“®!!  Spin translation groups

148 B (P
Tg'CP x T, Tge» T < @, (6)

where T is a translation group belenging to
one of the 14 Bravails classes, are tabulated
in/1%.No tables of spin space groups are
available. In principle, two categories of
spin spdce groups are knewn‘ There are

o P =TglP and (Dg) ™g . For the
third category o~ TP only the so-
called 2-,3-,4-,5- colourej groups of
the general P—bymmetry are known *18

The number of spin space groups is very

large, so we limited a derivation of spin
groups to some of the '"families" of space
groups that are connected with the experi-
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mentally determined magnetic structures. For
that, the spin symmetry of real magnetic
structures have to be known.

In this paper, a description of the symmet-
ry of magnetic structures belonging to the
monoclinic and orthorhombic systems 1is given.
Only the case of P-symmetry is considered.
The description of more complicated strutures
by the use of the theory of W-symmetry 12,13/
will be given elsewhere.

The spin space groups were established on
the basis of experimental data contained 1in
the '"Magnetic Structures Determined by Neut-
ron Diffraction"’!%.

The magnetic compounds listed here are
collected in Tables 1 and 2_ according to
the crystallographic systems with an alpha-
betical order of chemical symbols of the com-
pounds within each system. The Tables are
divided into four parts named on page 8. First,
the chemical symbol of the magnetic compound
is given. Second, the magnetic atoms of the
compound are specified (with their positions
in the crystal unit cell in Wyckoff notation),
as in ref . "' Next, the symbol of the spin
space group is given.

The notation of spin space groups 1s based
on the international notation of space groups
and it is a straightforward generalization
of the notation of magnetic space groups
The symbol of a spin space group ®(p
consists of the symbols denoting the spin-
only group, the spin lattice of & and
the rotations and reflections (w1th the
correspondlng non- pr1m1t1ve translations)
of &g (P The spin lattice is indicated by an
1nternationa1 symbol P ,C ,A ,B ,1 , F
of the crystal lattice with a subscript



(p,P,P,). where pi=p@i) are the loading ele-
ments of three translations & (i=1,2.3)
which generate the crystal lattice.

The setting of lattices is chosen as fol-
lows:

The primitive lattice P 1is defined by
the primitive vectors {d,,%,,%;1. The

>

monoc11n1c side-centred C by {a ,32, agl,

a b > _'_ > >
{a1= ; ,ay=a2b, a3=c} with the two-fold

axis parallel to b. The orthorhombic centred
lattices are defined by

nd > E+E > -l’)—(_;
A=la=a, a_=—=, a_=-——}|
1 2 p) 3 )
B=ta,=-2%% a4 _b, a,-= ;‘Ei
1 5 2 3 5
C ={51=3i9,32= a;b ,33=3¥.
2
N _:’ B’ —6 -»> _ -> > > _ -
I={41= +b+ L a, - a 1-+c c= a+b-c ]
2 2

In the rotational part of the symbol of the
spin space group ®(m the spin elements are

pk)
denoted by ¢ , where b; =(R; /r(R ))&-HJR )
R; is a proper or 1mproper rotatlon,rah)
is the nonprimitive translation associated
with R; » Py®R ) is an element of the load
group P. .

6

In the fourth column of the Tables, the
axial vector SU) representing the magnetic
structure of the compound is given for one
position vector ry. The position vector ry, is
chosen from the set of equivalent positions
and it is expressed in fractions of the crystal
unit cell edges, as in, ref. /15/.The compo-
nents of spin vectors SU) are given 1in lo-
cal system of coordinates xyz, arbitrary
oriented to the crystal lattice axes XYZ.

For convenience, the axes xyz can be chosen
as coinciding with the axes XYZ.

The magnetic structure of the one-lattice
model of the crystal (simple crystal) can be
generated by the sp1n space group ¢(m
from the single spin located at r

(m}

1 .

Br=@;.¢ 8@ (;.¢,)c @ (7)
For many-lattice crystal, the magnetic
structure can be generated by the same spin
group from the spins SU )1 s Sa )y - €tc.

The common spin space group for dlfferent mag-
netic structures (simple crystals) or for dif-
ferent phases is explicitly denoted by a curly
bracket .

It is 1mportant to notice, that the same
senior spin space group D (P can be deter-
mined by p and by dlfferent equivalent
junior groups @(” . In Table 1 and Table 2,
as a representatlve group (Dp the simplest
one is chosen.

In the fourth column, the symbols T and T,
denote temperature and transition tempera-
ture, respectively; 4q, real numbers. All
numerical data can be found in ref.’!%.



Positions

Compound . ma;etic Spin space group Spin vectors
_atoms
Table 1. MONOCLINIC SYSTEM
AU‘Slmz Mny /a/ fi- QC(ﬂr') 2 n " 5(0,0,0) = (U,V,W)
CoCl,.2H_0 Co /a / ®C,ppepy2 1 m 5(0,0,0) = (0,7,0)
c°c1§.zn2° Pt 7°1°1) 1Yy Ve
CoCly 6H0  Co /a / P ®Cprpny2 " m 5(0,0,0) = (0,0,W)
COF62304 Pe /C / F"@ C(11,) 2 (1>/ m(’) S(0,0,%) = (U,0,0)
CoWo, Zo /T / Pc® Proan)? Y o €11 s(%,y,;-) = (U,0,W)
CrF, Cr /a / 2O P (111 21”" (1 5(0,0,0) = (U,0,%)
CrFe25e4 Fe, /e / P C(111)2 (M) n € S(O,O,-’Z-) = (0,V,W)
Cr,NiS, Ni Je / 4,0 Corety 2 (1)) ) S(0,0,Ji) = (U,v,W)
Cr /1 / 5(x,0,2) = -q(U,V,W)
(1), (1°) 1 15 :
crs cr /a / 2@ Crpn2 /e S(Zoz03) = (UV7)
Table 1, cont,
c Cr, /e / oC 2 () 0 5¢0,0,%) = (U, ,V,,Wq)
Er3§é Ty /e F" c119) { 1Ur3) = L9000
T .
3¢y Cr /i / S(X,O,Z) = (Uy,Vy oWy )
II 2''2°L
OuF, 2,0 Ou /a / $e®Copppy2 U m "? 5(0,0,0) = (0,0,W)
’ o)
cuo, ou /1 / pr® Py 277 s(3wv,}) = (U,0,7)
DyOCH Dy /e / P’- o ?( 111) 21(1 /»m(1) S(XQ%'Z) = (U,O,W)
ErOOH Er /e / £ P11 21(1)/ n €77 s(x,i,z) = (0,V,0)
FeCr,Se, Fe /o / P®Cyagn 2T/ mT 5(0,0,0) = (U,0,¥)
Fe(HCOO}2H,0 Fe; /a / )b,_QP(,,,, 21(,,,/ o €1 { s(o,o,c:) = (U,0,W)
Fery /d / 5(4,0,3) = -a(U,0,W)
FellbO, Fe /T / 5, Pryrgay 2777 €10 s(},3,3) = (U,0,%)
Fe f£0,) ;4H,0 Fey /a / PYCT I 2(M) & (49 { 5(0,0,0) = (U,V,W)
FeII fe / S(x,y,z) = (U!V’W)
FeB(Po4) 58H,0 Fey /a / 2. Cerem 2 €N, Len { $(0,0,0) = (U,0,W)
Fer, /g / $(0,7,0) = (U,0,¥)
Fe,Se, Fep /o / 5o Cerr) 2¢7 pn €N {s(o,o,li) = (¥,0,0)
Fer; /g / S(x40,2) = (U40,0)




3}

oL

Table 1, cont.

Fo¥O, Fe /T / P @Peyyy 21 o €10 s(},7,3) = (U,0,W)
LiCuClz2H,0  Cufe / L@ Pryygy 27 T S(x,¥,2) = (U,0,W)
Mn(DC00);2H,0 Mn. /a / 2@ P(g11) 2,/ c ™M 5(0,0,0) = (0,V,0) T>T,
$(0,0,0) = (U,0,W) TLT
Mn(DCOO) 52D,0 1) ) ’ * t
2 ¥n . /d / A® P(111) 2977 o f { (1,0,% 1) = =q(U,0,¥)
MnF, Mo /a / #o C(,,,)z 1, 1) 5(0,0,0) = (U,V,U)
M'n'.[I /£ / S(x,y,z) - q(U,V,U)
NiCl,*6H,0  Ni /a / A Z(,,,,,z " n€? $(0,0,0) = (U,0,W)
NWO, NL /t / ' P.® -p”,mzrm/ o (19 s(-zl,y,%_) = (U,0,W)
«- 0, 0, /a/ PL® C1e4y2 1y p <N 5(0,0,0) = (U,0,W)
Table 2. ORTHORHOMBIC SYSTEM
AgF Ag /a / 2o ®Pcr11) (oo (49 (4y) $(0,0,0) = (0,V,W)
BaFe,0, Fe, /t / P,_QB(,,,,,)m""z("m("’ { S(X4s7192¢4) = (0,0,W)
Feyp /2 / or S(Xpad; #2,) = (0,0,W)
fLO 3(1'1'1)2(1')m(17m(1 )
BiMn, 0, Mo /1 / PP“" Py L2y (1) { s(o,i,z) = (U,,V.',O)
MnII /e / ) S(x9Y10) = (Uz_ovz_ooz)
1) .
CaFe204 Fe fe / ﬂc 111y A (D 1) {S(xvzr1 ’4-') = (0,0,W1)
Feo; /¢ / or s(;&,y?_,i) = (0,0,V,)
A® ¢(111) n{% @p")
0a21e205 ] !eI/a / P Perr) SC19, (1) 1% {s(o,o,o) = (0,0,W)
[ 3
Fe . /b / 5($+0,0) = (0,0,7)
CaM.n204 Mn /e / AD 'P”.,”b(nc(’ )m(") *vy'z) = (U,0,0)
Cezz, Ce fe / $,2 L(papym w(MMaa(?? S(O,%,z) = (0,V,0)
oc-CoSO4 Co /a / ﬁo Ca,r”mn)cnqm 19 S(O;0,0) = (0,V,W)




A}
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Table 2, cont.

@ =Cos0, Co /a / ps @ ;b(,”) “"’n(z’%("‘) s(0,0,0) = (U,v,w)
CoCuD Co /a / ®Cpyynm MR $(0,0,0) = (U,0,W
4 P 11719
(2x) 2
CoSeO4 Co /2 / ps@ P(”,)b ‘n(’{fgn( 2) 5(0,0,0) = (U,V,¥)
C0281O4 Coq /e / 2@ ¢(”1) n(yf)m(v)a(v) { S(x ,1,z,) = (o,v, 0)
CoII /c / S(x ,4’,21) = (o,v,0)
CO’VZOB COI fa/ 7) QA(171)b(” (” ) {S(0,0,0) = (0,0,W)
Cor /e / 5(gsv0g) = (0,0,W)
cxvo, cr /e / 20D, )b(m a? 1) {s(o,x,i) = (0,V,0)
71
U /e / 5(0,y,0%) = (0,V ,0)
2,) (2x.
OrTiNdO, ud /g / 2,@ P””)b( x), (2x) (1) S(x,¥,0) = (U,V,0)
r:rvo4 ¢r /a / 7, ® C(,”) n (1 017,(17) $(0,0,0) = (U,V,W)
0sC0012H,0  Co /o / 202 Pryyeys R (17, (A2 5(0,7,1) = (v,0,%)
CuCl,» 2H,0 } cu /a / 50 Pyyrny® p@x) (1) (2a) $(0,0,0) (v,0,%)
CuCl, 2D,0
' )
Cuso, Cu /a / Ps @ P(,,,,b“‘n“”ma‘) s(0,0,0) = (v,0,0)
CuSe0, cu /a / 2o® Pragny p (2, @, (77) 5(0,0,0) = (U,V,0)
‘Q ;‘ == N
Table 2, cont,
2g) (ix)
.Dyu03 Dy /e / P’Q ’(',,) b( ln( m(i) S(x,y.i) = (U,7,0)
) (r) (1
])y(!oo3 Dy /c/ P Prrgyd n m ! S(x,y,’;) = (U,v,0)
Dyoro, Dy /o / 2. Perrn) L7 (17 €1 {s(x.y.;}) = (U,V,0)
Cr /v / s(i’vovo) = (0,0,W)
DyPeO Po /b / 2,0 ¢(m,b(") (1 (1% 5(,0,0) = (v,0,0) T>T,
¢ © an ady 5(4,0,0) = (0,0,0) 1<,
@ o
Dy /e / Ppo P(111) b s(xvyvi) = (U1,V1 ,0)
or
ﬁ,o 'P(11” b()u‘) (-llznfl)
DyNy Dy /o / 2@ Pryggy v n R S(xi}rz) = (U,0,W)
Er300 Er; /e / P ° ,p(” , (z"{n(zi)a(l;) {S(JH -i;z1) = (0,V4,0)
7
Er I /d / S(xz’yL,zL) = (U,V,W)
ExCr0, cr /o / 50 Beyyy b nlg (19 s(},0,0) = (v,0,0) T>T,
& s(i,o,oo): (u,v,0) T<Tt
(1)_(17) 1)
B /e / A®Pain® i S,3,]) = (0,0,%)
ErGa Er /e / P ® C(,”) (1)0(‘1‘) (2x) S(O,y,%’) =(v,v,0)
(L ) (1) A
ErNi Er /e / P ?(”7) x) () ¢ x) S(x,%,z) = (v,0,%)




Table 2, cont,

& Exrvo v/o/
)
3 Er /e / PP’ P(ﬂf) b n(ly)m(l.,) { SGI'O’?) =(0,7,0)
Pe,GeS Pe. /a / S(“'Y';) o0
2 ¢ /a 2 )a )
4 reII o Pﬁ°¢(771) o= x) 1) { S(0,0,0) = (U1 A ,O) T >Tt
I S5(X,3,2) = yVy 40
(25) (:.,) c22) ( .}' ( +72+0)
‘ S(x : Z) = (U 0,W, t
P -FeNaO, Pe /a / Pr® Perany €7, 029), (2y) ) 2y ) (4: 4)
] 1 Xy¥92Z) = (O, V,W
&« -FeOOH Pe /c / o? ) (N (1) " o )
. ?1. (1mn? m a S(x,%,z) = (O,V,O)
~PeO0H Pe Jc / oC €1) (17 (1°)
reso Pe (112 ¢ m S(O.Y.i) = (vu,v,0)
s Pe /a / ? o C('.’,” n (M (7, (1) 5(0,0,0) = (0,7,0)
Pe 810 Pe. /a / 1°)_¢1) C1°) Tt
27774 I ﬂ°¢(111) n m ‘a 5(0,0,0) = (0,V,0) T >Tt
§(0,0,0) = (u,v,w
Pe_./c / Ps@Pria Aap ), () ' v T
I »° S(x,3,2) ==(0,V,0)
Pel0 Pe /o / 407 =0
4 (1) . 1
U /c / ?"Q p(1’1)b c(1)n(7 ) { S(o’y1’;) = (O v1 ,0) T) Tt
S(O,yz *) =(o,vV [T )
(22) (1) _(22) s(o
p @ Py b et n 'Y1 0 450,Wq)
2 (117) s(o,yz_,?) (U,_,o o) T<T
,,,,, s A
Table 2,CONt.
GdCoO,, Gd /e / Fup(”” L1 (0 (1) s(x,y,%) =(0,V,0)
GdFe0,, Pe /o / 2,92 111 b R0 5($,0,0) = (1,0,0) T>T,
GeMnO,, Mo /c / 5,0 7,(””b(nc(na(1') { S(x49¥7929) = (0,V4,0)
MnII/c / _ S(Xzoy,_,zz) = (vazvo)
1
HoAl o /a / 2@ Priga) Ly, Ry) 1) {S(X,m v3) = (U,7,0)
HOII /a / : . S(szyl’}) = (U’V’O)
(2y) (Ly)
HoC00,,- Ho /c / Pp® Parin® y) (yd (1) S(x,y,%) = (v,v,0)
HoOr0,, cr /o / 5,0 ;o””) ROEMOR M e 5(3,0,0) = (U,0,W) T>T,
s(L,o 0) = (0,0,%) TL T,
P @p (l;)n(ly) (L,.)
Ho /c / s¥ 11 S(X.Y,;) = (1, s V2,0)
HoPeO,, Fe /b/ s(% 0,0) = (U,0,0) T>T,
?to’P(,1,)b(1)n(”m(7) $(1,0,0) = (V,V,W) T<T<T
: s(: ,o 0) = (0,0,W,) T(T
£s® Perany ¥ mn(z,) (")
Ho /c / s ) 5(x,53) = (UpsV2,0)
a1 1)
_ Xs’.FaC!l3 Fe /e / F’- o P(,’") n a S(x,;,z) = (0,v,0)
(3]




Table 2, cont.

S ‘
KFeF, Fe /2 / f @Ay AN 5(0,0,0) = (0,0,)
Laro, Er /v / 3 ® Bryygy B 0D 5(3,0,0) = (U,V,¥)
LalnO, Mn /a / 2p @ Prypgy n“’”m“”a(” s(0,0,0) = (U,v,0)
LiCo?0, Co /e / £.® Pcriny L (17 €1 (1) S(t,4e2) = (0,7,0)
LiMnPO Mn /c / y 3 ‘b(”,) n(17p (1,1 S(x,%,z) = (v,0,0)
LiN1PO M /e / 2.® Pryany MR ALY 5(x,302) = (0,0,1)
LuCzO, cr /b /2 2.9 20174y b(':) “’m(’:’ 5(§,0,0) = (U,0,%)
LuPeO, Fe /b / pe®Pcyy v w7 5(3,0,0) = (,0,0)
Mn,GeS Mn, /a / p® ¢(1")n(v’>m(ﬂa(r‘> s(o,:a,o) =(0,V,0)
Mnp o /e / s(x,z,z) = (0,V,0)
MnP Ma /e / p® ?’(,,,) pMn M ™ S(x,y.i) = (0,0,W) T>T
Yin,, N in /4 / Pr®Prraey pr Ay, (1) S(x,¥,2) = (U,V,0)
MnSe04 Un /a / 7)1’ (111) b(v) (1‘)m(1‘> S(0,0,0) = (U,v,0)
MnvO, Mn /b / A QIa.,,’.)m(”m(”a”) 5€0,0,1) = (0,7,0)
Table 2, cont.
Mn28104 MnI /e / ﬁv_ ‘p("v) nn“'m("a an §(0,0,0) = (U,,0,0) T>T
(2x) @2 (1’
g 10/ PR R ey
NaCoF, Co / b/ P® Pryggy b 0T 5(3,0,0) = (0,v,0)
NaNiF, N /o / Pr® BrygayptinM plt) 5(3+0,0) = (U,0,W)
Na,NiFeF, Ni /c / poo [(,,,,m(”m(”z 1) {S(x,o,z) = (U4,0,0)
Fe /4 / - 8(0,y,2) = (U,_,o,o)
s Nay /a / Fr® ¢(1';i)b"“"’c(“{§1m {S(XMH 3 = (U,7,0)
Nd,, /da / » s(x&,yz_,%) = (U,v,0)
NaCro, cr /o / 5(2:0,0) = (v,0,0) 1T,
Pp® P(111) o (l", (2e) 5(4,0,0) = (V,v,0) T(T
Nd /fe / | S(x,y,4) = (0,0,W)
NaFeO, Fe /b / p® P(,,,)b("’n"’m"" 5(4,0,0) = (v,0,0)
NdbinO, Mn /b / B® P11 p (1 (70 (1% $($,0,0) = (v,v,0)
NiCr03 N /a/ Ao C(11I) m(”c(")m(") | $(0,0,0) = (v,0,0)
- Ni(IO3)2-2D20 ni fa / 25® Py p(ax) (2y), (2a) $(0,0,0) = (U,V,W)




Table 2, cont.

® | mso, Wi /a/ P c".,,,)m‘”c""m"" $(0,0,0)= (0,V,0)
PrCz0, . Cr /b / ® P B (1) (1% s(},0,0) = (v,0,0)
Pr /e / P‘ (177 S(x,y,i) =.(0,0,W)
PrFe0 Fe /b / (1 (1 _(17) . s¢},0,0) = (1,0,0)
o? Y n' "' m z
’ Pr /e / Pue®Terim {s(x.yu) = (0,0,7)
Prlino, Mn /b / Pe® P14y p (1) (15 (19 5(3+0,0) = (0,7,0)
SmCr0, cr /b / 2.®P111y (1:n(1) A 5(4,0,0) = (1,0,0) TyT,
2.©P (111 B (1€ (1°) s(}_,o,o) = (0,0,V) T T,
SmFe0, Fe /b / 2.2 %0000y b (M (17,(79) 5(},0,0) = (1,0,0) T>T,
£.@ Pcarr) b 2 (1 (1) 5(3,0,0) = (0,0,¥) T<T,
St,Fe,05 Fep /a/ 2.® Peray (17,019 {S(°-°v°) = (0,0,W)
FeII /o / ¢ S({,0,0) = (0,0,W)
TbAl T /d / 5,0 Peos B (2, (@2) (1) {S(x1,y1 o3) = (U,7,0)
TbII /a/ ’ ) S(XZ'yz.'i) = (U,V'O)
’) .z.) 7
TbA10, ™ /e / Po® P(.".,)b(l" () (1 S(x,y,%) = (1,v,0)
TbCoO, Co /o / Po® Perray pRe O, 7 5(3:0,0) = (v,v,0)
Table 2, cont.
TbCrO, cr Mo / pso@ ¢("'1) Sem @Ay (24) {s(i,o,o) = (0,0,W)
™ /c / S(x,y,%) = (U,v,0) 7)1,
TbPe0, Pe /o / Pe®Pce12) b (M (77 5(3,0,0) = (14,0,0) 3Ty
Ps O?(,,,) b“"’n(‘ﬁn(*&" s(}_,o,o) = (0,0,W) TéTN;
(1) (1) (1) S(&,0,0) = (UZ,O,O) T<Tt
%
™ /c / PpOPrr3b 1w s(x,y,}) = (Uy,V3,0) TLT
S(xoYvi) = (U4 ,V4,0) T<Tt
Thoa ™ /¢ / pe® Caaq) aMe M 5(0,7,3) = (0,0,
TbYVO, Y/ / 2p® Per1e HAY, Gy, €1 {s({,o,o) = (U,o,o)
: ™ /e / ) S(xﬂ"}_) = ( v,v,0)
Tmdl Ty /a/ Pp G’(wn) a‘,(h) ) {s(xnh o13-) = (U,V,0)
TmII /a/ s("goy’_r}) = (U,V,O)
TmCr0 cr /o /. S(1OO)=(UOW) TIT,
3 L
™2 /e / S(x,y,z) = (0,0,W )
PmN{ T™m /e / 7:,,0 P(111) n“”)ma‘)a i S(x,z,z) = (U,0 ,W)
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