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The polarization dependence of the rate of two-photon absorption has been calculated for all 32 crystallo-
graphic point groups. The method used by Inoue and Toyozawa to compute the polarization dependence
of transitions from a I'"' (identity representation) ground state to an excited state of symmetry I'* (any
single-valued representation) is extended to include all allowed two-photon transitions between pairs of
states, each transforming according to any representation of the point group, including the double-valued
representations. The results, presented in tabular form, are applicable to the analysis of transitions at
point defects, and of band-to-band and exciton transitions at the center of the Brillouin zone.

I. INTRODUCTION

HE advent of the technique of two-photon spec-
troscopy! has opened the way to the use of two-
photon absorption as a tool in the study of the symmetry
of electronic states in solids. This method serves as a
complement and supplement to conventional solid-state
spectroscopy, particularly in exploring states not ac-
cessible in single-photon absorption.

One of the assets of two-photon spectroscopy is the
wealth of information which may be obtained by
varying the polarizations of the two beams with respect
to one another and the crystal axes. Hence, it becomes
useful to calculate and tabulate the form of these
angular dependences so they may be readily available
for the analysis of experimental data. Inoue and
Toyozawa? have begun this task by giving the angular
dependence of two-photon transitions in which either
the initial or final state transforms according to the
totally symmetric representation of the point group.
Application of their results have been made by several
workers.®—5

The present paper extends this work in two respects.
First, allowed transitions between states belonging to all
irreducible representations of the point group are con-
sidered. Second, the double-valued representations en-
countered when spin-orbit coupling is included are
treated. Our attention is restricted to the center of the
zone for band-to-band or exciton transitions. The results
are, of course, also directly applicable to the study of
point defects. Section II provides a review of the
formalism of Inoue and Toyozawa and presents the
proof of a theorem which permits the determination of
the polarization dependence of allowed transitions be-
tween pairs of states of any symmetry from a knowledge
of the polarization dependence of the transition con-
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necting each of them to the totally symmetric state.
Section IIT is devoted to a tabular presentation of
results of the calculation. Appendix A is devoted to some
symmetry properties of Clebsch-Gordan coefficients
necessary to the proof of the theorem in Sec. II. Ap-
pendix B is a ‘““dictionary” giving the translation of the
labels for irreducible representations used here and in
Ref. 2, into the notation used by Koster ef al.®

II. FORMALISM

We consider two beams incident on the crystal, one of
energy fuw; with polarization &= (I1,m1,%1) and the other
of energy #w, with polarization &= (ls,m2,m5). The de-
pendence of the absorption coefficient on & and & is
calculated for the 32 crystal point groups. The two-
photon absorption coefficient is proportional to

{col &-p|9)(i| & p|vo)
z{,
7| Eim Byt
1 {co| éz-p[i)(i[él-plvo)}
" Ei—E,—fw

2

¢y

For band-to-band transitions |co) and |vg) are one-
electron states in the conduction band and valence band,
respectively, both at 2=0. For a point defect they are
simply the final and initial states, respectively.

Following Inoue and Toyozawa? we define the
quantities

)]
AMod=2 ——,
i BE,— E,,o—ﬁwa

A= A(w)+A(w),
A= A(w2)~—- A(COl) .

Equation (1) then becomes

[{co| [21* PA (w2)p- &+ & PA(w1)p- &]] 00} |2

8 G. F. Koster, J. O. Dimmock, R. G. Wheeler, and H. Statz,
Properties of the Thirty-Two Point Groups (M.LT. Press, Cam-
bridge, Mass., 1963).
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The operator in square brackets can be rewritten
34 p(A+A)p-&t+386 p(A—A)p-&
=3{é-pAip- &t & pAip- &}
+3{é-pAp-&—&-pAp &}
=&-{(pA+p)st (PA-D)as} - &,
where S and AS mean the symmetric and antisymmetric

parts. The tensor operator in braces, which will be
labeled T, can be written in matrix form as

Azz Azy A;cz O .Bz '_'.By
T=|A. Ay, Ay|+|—B. 0 Bz] , (2)
Aze Ay, Az B, —B, 0
where
Bz:%(PyA—Pz_PzLPy) s
Bv"—'%(szLPz—PzA—Pz),
and

B.,=3 (PzA—PV—PvA—PI)

transform as components of a pseudovector. Also, the
Aiy=3(pibspstpilip:)

transform as the products 75 (e.g., 45, transforms like

xy).
We can now write expression (1) as

[{col & T &0 |2,

where

& T-eo=hloA sat-mmed yyt-nmed.,
+ (l1mz+l2m1)A 2yt (n1l2+n2l1)A zz
+ (mnet-mani) A ot (lme—Ilom1) B,
+ (n1la—n2l1) By+ (mane—mony) B,.

We now rewrite &-T-& as a linear combination of
operators T,* which transform under operations R of
the group according to rows # of representations I'*, For
a transition I'* — I'* we must calculate

Zl(mln T ezlle“Z!O\MI 2 antToit| )],

B, T

where |\m) is a state transforming according to row m
of T and similarly with |»/). The index ¢ applies if
there is more than one term transforming according to
row # of I'* in the decomposition of T.
We can now state a theorem. Assume that an operator
T can be decomposed into a sum of terms T',,* which
transform according to rows n and representations I'* of
a group, i.e., T=3_yu n.: @n*Tni*. Then
I antn| Tut| o)) |? =2 y(ra), ()

m,l opn,t BTy

where the sum over u on the right extends only over
those representations contained in the direct product
T™XTI?, and
v (yra)= ZKI‘II Y @i Toi|urus) |2 4)
o,n, 7
In Eq. (4), ! indicates a function transforming ac-
cording to the identity representation and 7, distin-
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guishes occurrences of representation g, if T* is con-
tained more than once in T**XT". In our context, Eq.
(3) means that the angular function describing a I'* — I
transition is a linear combination of angular functions of
the type characterizing I't — I'* transitions such that I'*
is contained in the decomposition of I'**XT?, and that
as many distinct functions of the form for I'' — T'* will
occur as the number of times I'# is contained in I** XTI,
To prove the theorem we first write
Yr) =21 L anT| T (onus|\nar)*| s 74) |2

8 a,n,1 AT, T

=TI a.ttinle,

where £;#™» are complex constants. The (on,us|\7\r) are
the Clebsch-Gordan coefficients defined by

WA= (on,us | Arar¥ndat
We now write .
21X anit{vm| Tat| o)) |2
e =X > ani* X (un,pl|or.s)*Om|ar,si)|?

m,l p,n,t ¢,7q,8
=2z am“Z(;m, vl Nram)*qm 2,
m,l p,n,t

where 7,7 is a complex constant. We now make use of
the following symmetry relation for Clebsch-Gordan
coefficients (see Appendix A):

(un, vl | Aram) =3 CL(\u)7; maru ] Oim, 8| pr in) *.

The C[(Aw)7; m7,] are complex constants, and » de-
notes the representation which is the complex conjugate
of representation ».

We now have

SIE ant X CLOWT; maru]* Om, 5| prun)n;™ |2

m,l u,n,t TATH

=2 X X X X (@M ewr)*
m,lp,n, i p’ 0,8 T T TN T
XCLOW)7; mru J*CLW) 75 a7 1 (™) (™) *
X (N, 5| ) m, 90| ' e 'm) ¥
Performing the sum over # and / and using the orthogo-

nality relation for the Clebsch-Gordan coefficients (see
Appendix A) we find

Zli Z anz"()‘mleMl”le
=3 |T au* Z CLOW)7; TaruT*nim |2

B Tu,m %

=X IZ an#E# |2

BTy,
=2 Y1),
Ty
as stated.
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TasLe I. Angular-dependence functions. The group (s) are given at the heads of the left-hand columns.
Other symbols are defined in the text.

Cy Sz

A4 AL oA, [lda-Nimamat-Nanina~+-Nas Grme+loms) +Na (male+nals) +-Ns (mapa+-mans) +Ne Guma—lama) +Nq (nada—nal1)
212 Piz > P:kz +)\s(mm2——m2m)]2

C: Cun Can
A A A 4’ A 4 A + [lllg+)\1m1mz+)\2nmz+>\a (llmrl-lzml) +)\4(11"’I2—12M1) ]ZEA (€1€2)
B«—B A" e A" B, B,
A< B A A" A* > B:k [_'(mmz—mml) +>\5(nllz—nzl1) +>\s(ml2+n2h)

N1 (manz+mani) =B (€1é2)
(M) o (00 (O o (1) (0219 o M1 A(6d)+oB(ad)
D, Cav Dsy,
Ao A A1 A4, Ay oA, [hleFAmametAmme = A (&:€,)
B; <> B; As e A, B, & By,
B <> B, By« B; Bgy <> Boy
B3y«>Bs;  B:«>B; B3 > By
AeB, Ajed, Ay <> By L @umatlami)+Xs (lime—Iom:) P=B1(é:1&)
B; <> B; By > By BZ:{:Hst:
A B, A1+ B; Ap o Bay  [(midatna)) FNa(mda—nol1) P=Bs (&:8,)
B B; Ay B, Bl;{:"’Baj;
AeoB; A1oB AL Bsy  [(mmet-man)+Ns(mins—moni) '=B;(&:1€)
By~ By A;By By By

Mol Moeld  DSolyd 4 (68)+cBi(é1é)+caBs (61é)+csBs(é1é:)

C4, Ss Cun
Ao A A + A + [(l]lz‘i-ml”tz) +7\_,m1ng+)\2 (ll’rnz—lz”h)]zEA (@162)
BeB B.o B,
A< B A + B:*: [(lllz*'mlmﬂ‘*}')s (l11n2+12m1)]2§B (31@2)
A—E Ao E, L mudatnods) +Na(ming—mon:) +Ns (nrdo—nalt) P+ (mma+-mony) +Ns(nila—nol1)
B« E B;{: «> E:i: "‘Ns(mlna—M2n1):|25E(€1@2)
E—E E,—E, A (€182)+cB (é:82)

(I'5T'8) > (T'°1) T8 & (TL5T.5) A (&&2)+cE (&:8)
@18 & (%) ([T & (TLTLF)
(TST®) &> (TT9)  (TL5T.0) > (ToT.8) B (é1és)+cE(éiéa)
Dy, Csa, D2g Dy,

Ay 4, Ay o A1y L Qiletmime) FAimins Pp=A,(é182)

Ay A, Aoy > Aoy

Bl > Bl Bl:l: «> Bl:!:

Bz > Bz Bgi «> Bgi

A1 HAz Al;{; HAzi (lme-‘lzmﬂ’EAz(@l@z)

Bl «> Bz Bl:k «> BZ:k

A1 B, A1y > By (s —mimz)? =B (é:€2)

Az B, Ay <> By

A1 Bz A 14 € B2:|; (l1M2+l2ml)2EBz (€1€2)

Az > Bl AZ:!: «> Bl;{:

A1 E Ay, Ey L oninetmans) Ao (mms—monr) P+ (nile+nal1) — N2 (ale—n0di) P=E (€:€2)
A, o> E A 24 > E:i:

B —E B, E,

Bg — E Bﬁi «> E:&

E<E E,—E, A1 (&1&) 142 (€182) +c2B1(€182) +c3B2 (€:182)

T8« T8 T 8eT,8 A (€1€2) 414 2(€1€3)+cE (@1@2)

I"eT7 Pi7 > I‘ﬂ:’

T 17 T 8eT,7 By (é1€5)+c1B2(é1€2) +c2E (6185)

Cs Se
A4 A A, C@dat-muma) +Amina+Ns Gmae—lam) P=A (&:€)

IR A T SeT,8
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TABLE I (continued).

Cs Ss
A< E AL E,
(I*r®) &1t (TLT45) o Tyt
E<E Ei, < Ey
(%) & (M%) (TLTL0) © (TLTL0)
D3, Csy Dy
A 16> A 1 A 14 < A 1+
A2 4, Aoy > Ay,
Ay 4, Arp > Aoy
A1 E Ay Ey
Ag — E Agi «> Eﬂ:
I & (I°T%) Tyt e (D740
E<E E,—E,
I“ AN I‘4 I‘:E‘ > I"i‘i

(T5T'%) > (T'5T6) (T8 < (DL°T,5)

Cs C3h
A4 A’ A’
Bo B A" > A"
AeB A’ 4"

Ao FE A’ o E"”
B o E" A" o E
E' < E" E' < E"
A - E' A’ E'
Bo FE A" < E

EI > EI El > E’

E" < E” E" « E"
(I"lrs) > (I\7rs) (I*7I‘8) P (I‘7I‘8)
(1‘91‘10) « (rsrlo) (I‘IQI‘!D) P (I‘9I'10)
(I"Ips) P (psrm) (I"IFB) > (rsrw)

(I"II‘S) P (I‘llrm)

(I‘7F8) « (I‘urm)

(I‘SFIO) > (I‘upxz) (Ivsrw) > (ruru)
/TUL12) s (TUT12) (TUI2) > (TUL12)

Dy, Cov Dsn
AlHAl All‘—)All
Az(—)Az Agl(——)Azl
Bl (——)Bl Al’l(-—)Al,’
By <> B, A > A"
Al‘—)Az A{‘-‘)Az’
Bl (—)Bz Alui—)Azu
Al(—-)B] A1’<—>A1”
Al(—')Bz A{(—)Az”
A2H31 Az’(—)All'
AzHBz AQIHAzu
41 E Ay < E"
AzHEl AZIHE”
BlHEz AzI’HE’
BQHEZ A[II(—)E’
E, & E, E'— E”
A1 E, Ay < E'
AzHEz AzIHE’
B, E; A, E"
By, <> E, A" — E"
Ei <~ E; E!" < E"
E; & E, E' < E'

Den
Ali HAI;E
Azy > Any
Blﬂ: HBI&:
BZ:EHB%{;
Ay Aoy
Bl:l: > Bzi
Alﬁ;(—') Blj:
Al;{: HBZ:&:
A2:E > Bl;};
Agi 4—)324;
Ay o Ery
Az o By
BliHE2i
BZ:t(_)E23:
EliHEz’:h
A1y > Eay
Azy > Egy
Bli “_’Eli
Bay & Eyy
Ei <> E1x
EziHEzi

[(%1l2 +nzll) +7\3 (l1m2 +lzm1) +)\4 (lllz*'— mlmz) +>\5 (mmg—-mzm) +)\s (mlz —*nzlx) ]2
+[ (mamet-many) +-Ns (ude—mamsz) —Ns (Qima~-lams) +Ns (nale—nal1)
—Ne(mima—mony) P=E (&,&)

A (&182)+cE (&18)

[ (l1lz+m11ﬂ2) +>\1ﬂ 17&2:]2 =4 1 (@1@2)

(Iima—1am1)?

[ (mine—many) +-Na (mama-+mans) +-Ns (Wda—mama) P4-L (rida—nal1) — g (mala+4-n2l1)
—A3 (l1m2+l2m1)]25E (6162)

A1(é18)+-c142(€1€2) F-c2E (€1€2)

A 1 (glég) +$1A2 (6162)

Cen
AL oAy L Qudatmams) +Nmimo+-Ne Gima—lom:) = A (€:€,)
B, B,
AL By forbidden
Ay E, [ (ilat-nals) s (mime—mans) +-Na(male—nal) P
B, E." F[ (mine+mani)+Ns (nile—nal1)
Eil «> E;!:" —M(mmz—mgm)]’EE' (él,éz)
A, E" (1—n:2) (1 —n?)=E" (é:é:)
B, E,/
E,/ < E, A (é182)+cE" (é162)
Eilf > Ei”

(T8 & (TLT48) A (&18)+cE' (8:1&)
(P:l:grim) > (I‘QI‘ d:m)

(TLT48) « (T T4Y) E" (4&)

(TLT48) & (TAr,.2) E' (é182)+cE" (é182)
(TLTL0) & (TMT41)
THTL2) o (LTS 4(4é)

LQuidatmima) FAmme p=A1(&:1&)

(lx”’lz—‘lzml)ZEAg(aéz)

forbidden

L nime—mani) +Ns (mama+-men) B+ (mila—noly) —Ne (nila-tnoli) P=E; (€:€)

(1=n2)(1—n2)=E(&:1é)

A1 (E182)F0142(81&) +-02E2 (818)
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TABLE I (continued).

G2 +mPmanine?) — (lamimat-mamenine+ninails) = E (é:1é2)
L (mme—man1) +X mine+mani) P4 (nide—nadt) +N (nide+nsly) B+ Grme—Ilam:)

Ds, Cey Dy, Dy
I T7 717 Pi;’ > P:!:7 A, (€1€2) +01A2(€1€2)+62E1(€162)
I8 <> T8 T8> T8 I 2o T,8
T T8 I T8 I‘g > I‘is E, (€1€2)
I’ T I T T T° Ei(&4é)+aE:(48)
T8> 19 I8 10 8T,
T T 1 I’ig T, A, (@1@2)+61A2 (éxéz)
T Th
Ae A Ay oA, udat-mumat-ning)?= (&1 &)2=4 (€:&)
A E A 3+ & E:h
4T Ao T,
EoT E,eT, X Gumet-lom) P=T (&1€,))
E—E E:l: Ld Ed: A (éxgz) +cE (€1€2)
T T T,eT, A (€182) +-01E (é182) 02T (€182,N) +c5T (€1€2,N)
I'6 <> T'0 I‘is g I‘Q A (é‘;éz) +CT (élég,)\)
I's > (Ir7) Tys e (TLT,L7) E(&1€2)+cT (é18,))
T & (T°r7) (M1 © (TLTy) A (Gé)+aE (@) +el (@Gé))
0, Tqa O
A4, Au: HAH: (hlz-l-mlmz-}—nmz)’: (@1-52)251‘11(@1@2)
Ay A, Aoy > Aoy
A1 4, Ay A4, forbidden
A1 FE Ay o E, L2+ mml+nng?) — (damimat-mimoninat-ninadils) =E (€,€)
A 2 > E A 24 > Ei:
Ay T, Ay o Ty (mama—man1)*+ (lany— lina)®+ (lma—lom1)2 = (€1X &)?=T1(é:1&2)
Ay T, Aoy & Toy
A1 T, A1y > Toy (Cmat-lamy) 2+ (mana+mani)>+ (ng+-lony) =T (€1&)
Ay T, AZ:!: And Tl:{:
EoE  EioE,  Aaé)+E@e)
EeT E, Ty T'1(é1€2)+cT 2 (é:182)
E «— Tz Eﬂ: > Tgi
Tie T Ty Ty A1(€182) F-61E (€182) F-62T1(€:182) +-¢5 T2 (€1€2)
Ty T, Top & Toy
T1< T, Ty Toy  E(@&)+ali1(81&)+cT2(618)
INRES N T 8T8 A1(é1€2)+cT1(6:8)
717 ) AR W
I'é s T7 TlfeT, Th(aé)
TéeT8 r8er,s E(&&)+aT1(éé) 4Tz (&)
I"eoTs T, T8
T8 T8 r8or,s A1(&182) +61E (€182) +6oT'1(€182) +cs T2 (€182)

III. RESULTS

The angular functions for all possible band-to-band
transitions are presented in Table I. There the \; are
real constants and ¢; are real positive constants. In
groups having inversion symmetry, the parity cannot
change in two-photon absorption so that only transitions
like I'+# — I'y” and I'_#— T'_* are allowed. Two repre-
sentations in parentheses indicates that they are com-
plex conjugates of each other and are degenerate. The
single-valued representations are labeled by the usual
symbols for molecular applications, i.e., 4, B, E, and T.
The double-valued representations are labeled by I'* and

these are defined by Koster, Dimmock, Wheeler, and
Statz.® Their notation for the single-valued repre-
sentations is tabulated along with ours in Appendix B
for convenience. The diagrams in Figs. 1-3 indicate the
axes with respect to which & and &, are defined.

The angular functions for transitions of the type
I I'* have been recalculated and agree with those
reported by Inoue and Toyozawa except for the
following cases: the transitions of the type I'' <> I'Z,
where E denotes the complex-conjugate pair of one-
dimensional representations (the basis functions of
which are degenerate by time reversal), for the groups
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D2 y ’ D2n y
X

*x

F1c. 1. Diagrams to define the axes for the point groups D,,
D3y, Cavy Ds, Cay, Dan, and Dsg. (For groups Cn, Sa, and Cpp the
% axis is the axis of rotation, with x and y arbitrary.)

C4, C4h, S4, Cg, Sa, Ce, C3h, and Cah. The disagreement
seems to be the result of an algebraic error in the earlier
work.

F16. 2. Diagram to define the axes for the point groups Ds, Dsga,
Csv, Ds, Cey, Dsh, and Dzh.

BADER AND A. GOLD
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T, Tq, and T,
y by
—]
or
X 4 X
O and O,, y

F1c. 3. Diagram to define the axes for the point groups
T, Ta, Th, O, and Oy.
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APPENDIX A: DERIVATION OF THE
CLEBSCH-GORDAN SYMMETRY
RELATION

Since? the Clebsch-Gordan coefficients are elements of
a unitary matrix, they obey the orthogonality relations

Z ("‘j’ vi l )\T)\S) *("j: Vll AIT}\’,S,) =0 ()‘7>‘I)5(T)t77')\' ,)6(5:3’)
it
and ) i L
2 (ug | Mas)* (ug’ ! | Nras) = 8(4,5)8 (L 1) .

A7\, 8

From the definition of Clebsch-Gordan coefficients, we
can write

Lo (RTw? (R)= £ X (V1] p7,) T 75 (R)

PiTp Py T
X (As',vk|pr,p) (A1)
and

Li#(R)T ke (R)= 3 3 (uf, ol | v748)*Trs7"7(R)
v, Ty 88’
X (s, vk |y74s").

Multiplying (A2) by T'y*(R)* and summing over %
gives

I‘ii“(R)B(l’l,)= Z E (/“'j)Vl'II'YT'ys)*I‘s'e'Y(R)
7,7y 8,8,k
erz"(.R)*(/l/I:,Vkl’YT»yS’) ’

(A2)

7 This follows the treatment given by M. Hamermesh [Group
Theory (Addison-Wesley Publishing Co., Reading, Mass., 1962),
p. 260] for real representations in his discussion of the symmetric
group.
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where it has been observed that T'y,"™(R)=T,,"(R).
Multiply this by (uj,»!’|A7am) and sum over j and /':

2 (ug,pl| Aram)T 1+ (R)
= % Torm? (R)I‘kl” (R) * (,u’i,Vk [ )\T)‘sl) . (A3)

Changing » to 7 in (A1) and putting this into (A3), we
obtain

2 (ug | Arm)T 3#(R)
i

=2 X (Omillpr,j)*T,;#(R)
p,7p 2,58k
X (\s',9k | o7 ,p) (ui, vk | A7>s") .
Now multiply by (\m,#|e7.n) and sum over m and I:
2 T (R) (g, vt | Nram) (Nt | o om)

Jim,l
= X (A", 9k|o7.p) (ui,vk| Aras)T pa?(R).
?,8',k

This can be written

2 TiF(R)M jn=3" M ' 52’ (R),
7 »

DEPENDENCE 1003
where
M jn=23"(uj, vl | Aeam) (\m, 5l | o m)
m,l
or

r*(R)M=Mr°(R).

If T'# and I'? are inequivalent, then Schur’s lemma tells
us that M is the null matrix. If I'* is equivalent to
I'?, then M is a constant multiple of the unit matrix:

2 (ug, vl | Neam) (N, ol | a7 gm)
m,l

= C[()\ll)i/; T)\Tu:la(a';“)a(n)j) y

where the constant on the right depends on A, g, », 7,
and 7, and the parentheses in the square brackets
indicate the pairs of indices which are interchanged in
the Clebsch-Gordan coefficients. Bringing the second
factor on the left side to the right we have the result

(;m,vl] >‘T7\m) = Z C[ O‘:u) v; T)\TM:I ()‘mﬁl [ MT‘J’I/) * ’
used in Sec. II.

APPENDIX B: DICTIONARY OF NOTATIONS

A brief dictionary of corresponding notations is given
in Table II.

TasLE II. Correspondence of present notation with that of Koster et al. for the single-valued representations.

Group C1 AYS C Cin Can D, Czo
Present notation A Ay A B A" A" A, B, A By, By B; Ay Ay B, B,
Notation of (6) I I* Iy T 'y I's I T T'h T3 T2 I's I'n I's I, Ty
Dsp Cs Sy Ca D,
A, Biy By Bsy A B E A B E A, B, Ey A, A Bi B, E
i TsE T T I Te (TsTy) Iy Ty (Tl i Tt (D) I'n T2 I's Ty T
(ore D Dy Cs Se
A, 4 By By E A1 A By By E Ay, Asy By By, Eu A E A, E,
I'n T2 T3 Ty T 'n T2 T3 Iy T M Tt Iet IE st Ty (Do) it (Tgirs®)
Ds Cso Dy Cs Can
A, Az E Ay A E Ali Azi E:l: A B E’ E" A’ A" E’ E"
'n T T rn T: T i+ Te*f Tt Ty Ty (Tele)  (Tels) M T (TeTs) (DT
Csh DG Cﬁo Dah
A, By E. E.” Ay A; By By Ei E Ay A; By By, Ei E, A A A A E' E”
TiE Ty Ttled)  (DtTsd) I's Ty T3 T'y T's Te Ty T2 Ts T T T ''n T, T T Ts T
Den T Th 0o
Ay, Asy Biy Bay Eip  Eag A4 E T Ay E, T, 4, A E T, T,
IE IS VS I VSIS Vo N 1 (Fels) Ty i (%) Tt r'n T, T3 T4 Ty
Ta Ox
A: Az E T1 Tz Ali A'H; E:}: Tl:{: ng;
' ;. TI's Ty T TF Tyt Tyt T T

s See Ref. 6.



