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1 Gamma Matrix

We start with the following well known Lemma.

Lemma
Any matrix, M, satisfying M? = \? # 0, A € C is diagonalizable, and furthermore if there
is another invertible matrix, N, which anti-commutes with M, {N, M} = 0, then M is

2n X 2n matrix of the form
oA 0 ) o
w=s(d 8)s "

In particular, trM = 0.

1.1 In Even Dimensions

In even d =t + s dimensions, with metric

" = diag(+ 4+ ——---—), (1.2)
t S

gamma matrices, v*, satisfy the Clifford algebra
VA A =2 (1.3)

With!
,Y,UIMT"MM — mem .. .fyﬂm] , (1.4)

we define '™, M = 1,2, -- - 2¢ by assigning numbers to independent ~#1#2#m ¢ g imposing
P < prg < < iy,

DM = (1,4, e yb2stim 120y (1.5)
Then {T'M}/Z, forms a group
PMPN — QMNTL QMN — 41, (1.6)

where L is a fuction of M, N and Q,;y = %1 does not depend on the specific choice of
representation of the gamma matrices.
Lemma (1.1) implies

1
5 tr(TYTY) = Qo™ (1.7)

L4[]” means the standard anti-symmetrization with “strength one”.
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which shows the linear independence of {I'™} so that any gamma matrix should not be
smaller than 2%2 x 24/2

In two-dimensions, one can take the Pauli sigma matrices, o', 0? as gamma matrices
with a possible factor, ¢, depending on the signature. In general, one can construct d + 2
dimensional gamma matrices from d dimensional gamma matrices by taking tensor products
as

(o', 100% 1®0°) :up to a factor 7. (1.8)
Thus, the smallest size of irreducible representations is 242 x 2%/2 and {T'™} forms a basis

of 24/2 % 24/2 matrices.

By induction on the dimensions, from eq.(1.8), we may require gamma matrices to
satisfy the hermiticity condition

AT = Y - (1.9)

With this choice of gamma matrices we define v(¢*1) as
YD = (=) TP, (1.10)

,y(d-i-l) — (7(d+1)>_1 — ,y(d—f—l)‘l"

satisfying

(1.11)
{44} = 0.

For two sets of irreducible gamma matrices, v*, v'# which are n x n, n’ x n’ respectively,
we consider a matrix

S=y 1Mo, (1.12)

where T', is an arbitrary 2n’ x 2n matrix.
This matrix satisfies for any N from eq.(1.6)

"NS = ST, (1.13)

By Schur’s Lemmas, it should be either S = 0 or n = n/,detS # 0. Furthermore, S
is unique up to constant, although T is arbitrary. This implies the uniqueness of the
irreducible 242 x 2%/2 gamma matrices in even d dimensions, up to the similarity transfor-
mations. These similarity transformations are also unique up to constant. Consequently
there exist similarity transformations which relate v* to y*T, y#*, 4#7 since the latter form



also representations of the Clifford algebra. By combining (") with the similarity trans-
formations, from eq.(1.11), we may acquire the opposite sign, —y*f, —y#* —4#*T as well.
Explicitly we define?

t(t—1)

A= /(=) T2yt (1.14)

satisfying
A=AT1=A", (1.15)
P = (1) Ay AT (1.16)

If we write

+9"* = B.y* Bt (1.17)

then from
W= (y")" = BLBun"(BLiBs) ', (1.18)

one can normalize By to satisfy [2, 3]

BiBi =e41 , Ex = (_1)%(3—1&)(3—1&:&2) , (119)
BiB, =1, (1.20)
B:{' = &4 B:I: N (121)

where the unitarity follows from
m=n~t = (B Bt = £ Biy**(BL)™' = BLByy*(BLB.)™! 1.22
=) L B Ly (BL LBy (BLBL) ™, (1.22)

and the positive definiteness of BLBi. The calculation of €4 is essentially counting the
dimensions of symmetric and anti-symmetric matrices [2, 3].

The charge conjugation matrix, C'y, given by

C. = BlA, (1.23)

2 Alternatively, one can construct Cy explicitly out of the gamma matrices in a certain representation [1].



satisfies® from the properties of A and By

Ciyt Ot = ¢yt ¢ =£(-1), (1.24)
clo, =1, (1.25)
CT = (=1)5%4=) 0y = e, (£1)(—1)2 D Oy (1.26)
CH(=1)2" VAT = BLAB; = CLAC! . (1.27)
€4 is related to ¢ as
ey = Ct(_l)%t(t—l)—i—éd(d—@) ‘ (1.28)

Eqgs.(1.24,1.26) imply

pap2epin \T — [n(_ %d(d—CQ)-i-%n(n—l) 12,
(Ciy ) ¢"(—1) Cyy

(1.29)
_ gjc(i1)1t+n(_1)n+%(t+n)(t+n—1) CyryHabzpin
A1) satisfies
AT — (_1)t14i7(d+1),4;1 = Ald+1)
7(d+1)* _ (_1)tgsBi,y(d+1)Bj—[1 , (1.30)

,.Y(d—'rl)T — (_1)'5;3 C’i’y(dH)C’;l 7
where {A,, A_} = {A, 44TV A},

In stead of eq.(1.8) one can construct d+ 2 dimensional gamma matrices from d dimen-
sional gamma matrices by taking tensor products as

(Y@, Y @0l 1®0?) : up to a factor 7. (1.31)

Therefore the gamma matrices in even dimensions can be chosen to have the “off-diagonal”

form
0 o* 1 0
b (d+1) —

3Essentially all the properties of the charge conjugation matrix, C+ depends only on d and ¢. However
it is useful here to have expression in terms of the signature to dicuss the Majorana supersymmetry later.
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d d . ~ .
where the 227! x 227! matrices, 0¥, 5" satisfy

oHGY + gV EH = 2 (1.33)

ot =5, (1.34)

In this choice of gamma matrices, from eq.(1.30), AL, By, Cy are either “diagonal” or “off-

diagonal” depending on whether t, t_TS, HTS are even or odd respectively.
In particular, in the case of odd ¢, we write from eqs.(1.14,1.15) A as

A= ( g 8 ) , a=1/(-1)"F"0162 ot =at =a!, (1.35)
and in the case of odd 2 we write from eq.(1.26) C4 as
o= 0 ¢ ¢ = e (—1)“FTHET = (ch)! (1.36)
+ +¢ 0 ) + ) .

where a, a, ¢, € satisfy from eqs.(1.16, 1.24)

ot = aota, ot = agta,
(1.37)
T = (—1)t*eghc FHT = (—1)t*leghe !
If both of ¢ and 2 are odd then from eq.(1.27)
al = (—1) =z cac?, al = (—1)=cac ! (1.38)

1.2 In Odd Dimensions

The gamma matrices in odd d + 1 = t 4+ s dimensions are constructed by combining a set
of even d dimensional gamma matrices with either +v(**Y or +iy(¢*1) depending on the
signature of even d dimensions. This way of construction is general, since v(¢*1) serves the
role of y4+1
— =yt ()T for p=1,2,---.d,
(1.39)
(12 = £1

and such a matrix is unique in irreducible representations up to sign.



However, contrary to the even dimensional Clifford algebra, in odd dimensions two
different choices of the signs in v%*! bring two irreducible representations for the Clifford
algebra, which can not be mapped to each other* by similarity transformations

’yu - (717727"'77d+1) and IYIM - (717727"'77d7 _7d+1>' (140)
If there were a similarity transformation between these two, it should have been identity up
to constant because of the uniqueness of the similarity transformation in even dimensions.
Clearly this would be a contradiction due to the presence of the two opposite signs in y*+1.

In general one can put®

+4127d fort —s=1mod 4,
A3 = (1.41)
+iy12d fort —s=3 mod 4.

24/2 x 24/? gamma matrices in odd d + 1 dimensions, ¥*, n = 1,2,---,d + 1, induce the
following basis of 2%/2 x 242 matrices, I'M

'™ — (1, M, yHv - yhabzetag) M=12-..2%. (1.42)
From eq.(1.41) o o
TMPN — Qv TE
+1 fort —s=1mod 4, (1.43)

Qun =
+1,£i Fort—s=3 mod4.

Here, contrary to the even dimensional case, Qv depends on each particular choice of the
representations due to the arbitrary sign factor in v¢*!. This is why eq.(1.13) does not
hold in odd dimensions. Therefore it is not peculiar that not all of +~*, ++#* +~+*T are
related to y* by similarity transformations. In fact, if it were true, say for +v**, then the
similarity transformation should have been By (1.17) by the uniqueness of the similarity
transformations in even dimensions, but this would be a contradiction to eq.(1.30), where

4Nevertheless, this can be cured by the following transformation. Under z# =
(xt 22, 20+ — o’ = (ab,2?,--- —2?*Y), we transform the Dirac field (z) as
b)) - @) = B@), to get Ba)y - dpa) — (@) - PV() = bla)y - db(a). Hence
those two representations are equivalent describing the same physical system.

>Our results (1.41-1.50) do not depend on the choice of the signature in d dimensions, i.e. they hold for

either increasing the time dimensions, d = (¢t — 1) 4+ s or the space dimensions, d =t + (s — 1).
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the sign does not alternate under the change of B, «» B_. Thus, in odd dimensions, only
the half of £#T, £4#* +~#T are related to v* by similarity transformations and hence from
eq.(1.30) there exist three similarity transformations, A, B, C' such that

(=) = AytATt (1.44)
(1) 4" = By"B (1.45)
(—1)t+§_17"T =COy'Oot. (1.46)
A, B, C are all unitary and satisfy
A=A"1T=A", C=DBTA, (1.47)
B*B=c1=(—1)st-stDl=s1) 1 (1.48)
BT =¢B, CT =¢(-1)% C, (1.49)
(=1)7 AT = BAB™' = CAC™". (1.50)

In particular, A is given by eq.(1.14).

1.3 Lorentz Transformations

Lorentz transformations, L can be represented by the following action on gamma matrices

in a standard way
LML = LH A, (1.51)

where L and L are given by

v 1 uv
L = ewwM™ L =exWw

(1.52)
1720 N A SV VA
(M“)p—nﬂdp—n ot .

For a even d, if a 2%/2 x 24/2 matrix, M##2#n  is totally anti-symmetric over the n spacetime
indices
Mpbzbn — ] (1.53)



and transforms covariantly under Lorentz transformations in d or d 4+ 1 dimensions as

L kb o H Lﬂiyi Myvevn (1‘54)

=1
then for 0 < n < max(d/2,2), the general forms of M#+1#2Hn gre

(1 + cyld+))ypapzpn In even d dimensions,
NFah2 b (1.55)
yHLb2 In odd d + 1 dimensions,

where ¢ is a constant.

To show this, one may first expand M*#2#n in terms of Yy, vy Y Vorvgens,, OT
Yorva-vy, depending on the dimensions, d or d+1, with 0 < m < d/2. Then eq.(1.54) implies
that the coefficients of them, say TH1#2#m+n are Lorentz invariant tensors satisfying

m-+n
H LM;L TVlVQ.“Vm_‘—n - T,LLIH/Q"'/'I/TI’L‘F”I (1‘56)

i=1

Finally one can recall the well known fact [4] that the general forms of Lorentz invariant
tensors are multi-products of the metric, n*, and the totally antisymmetric tensor, e#1#2"
which verifies eq.(1.55).

1.4 Crucial Identities for Super Yang-Mills

The following identities are crucial to show super Yang-Mills exist only in THREE, FOUR,
SIX and TEN dimensions.

(i) The following identity holds only in THREE or FOUR dimensions with arbitrary sig-
nature
0= (v"C"ap(7.C1),s + cyclic permutations of «a, 3,5 (1.57)

To verify the identity in even dimensions we contract (YC™1)a5(7,),s With (Cry"1727 ),
and take cyclic permutations of «, 3,y to get

0= 27207 + (d = 2n)(¢ + ("(~1) ) (1) adeed (1.58)



This equation must be satisfied for all 0 < n < d, which is valid only in d = 4,( =
s(vy (

Similar analysis can be done for the d+1 odd dimensions by adding (y@+)C~1),, s
term into eq.(1.57). We get
0= 2925} + 6) + (4~ 20+ 1)(C + ¢ (D)D) (i) ¢ (e
(1.59)

Only in d = 2 and hence three dimensions, this equation is satisfied for all 0 < n < d.

(ii) The following identity holds only in TWO, FOUR or SIX dimensions with arbitrary
signature
0= (6")ap(0u)ys + (0")15(0u)as (1.60)

To verify this identity we take d dimensional sigma matrices from f = d — 2 dimensional

gamma matrices as in eq.(1.31)
o = (4", AU ) (1.61)

to get
<0u>aﬁ<‘7u)v5 = (7“)«16(7#)75 + (V(fH))aﬂ(V(fH))w& - 5a,6’575 (1‘62)

Again this expression is valid for any signature, (¢,s). Now we contract this equation with
(yrv2nCi) gs. From egs.(1.24,1.30) in the case of odd ¢ we get

((=1)"(f = 2n) + (1T — 1) (1727 C 1Y,y (1.63)

To satisfy eq.(1.60) this expression must be anti-symmetric over a «» v for any 0 < n < f.
Thus from eq.(1.29) we must require 0 = (—1)"(f — 2n) + (—1)£+" — 1 for all n satis-
fying (—1)s/(=2+3n(=1) — 1 This condition is satisfied only in f = 0,2,4 and hence
d=2,4,6 (f = 6 case is excluded by choosing n = 6 and f > 8 cases are excluded by
choosing either n =0 or n = 3).

(iii) The following identity holds only in TWO or TEN dimensions with arbitrary signature

0= (c"c Vap(ouc )5 + cyclic permutations of «, 3, (1.64)



2 Spinors

2.1 Weyl Spinor

In any even d dimensions, Weyl spinor, ¢, satisfies

Yy =y (2.1)
and so ) = ¢! A satisfies from eq.(1.30)
Yy = (1) ALY = (-1) 7 YT (2.2)
2.2 Majorana Spinor
By definition Majorana spinor satisfies
p=9¢TCy  or Y =¢C (2:3)

depending on the dimensions, even or odd. This is possible only if e+, = 1 and so from
eqs.(1.19,1.48)

n=+1: t—s=0,1,2mod 8
(2.4)
n=-—1: t—s=0,6,7mod 8
where 7 is the sign factor, 1, occuring in eq.(1.17) or eq.(1.45)S.
2.3 Majorana-Weyl Spinor
Majorana-Weyl spinor satisfies both of the two conditions above
7Y =4 ¥ =9T0y (2.5)
Majorana-Weyl Spinor exists only if
n=+1: t—s=0mod 8
(2.6)
n=-—1: t—s=0mod 8
In [2], n = —1 case is called Majorana and n = +1 case is called pseudo-Majorana.
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2.4 Majorana Representation and SO(8)

Fact 1:

Consider a finite dimensional vector space, V with the unitary and symmetric matrix,
B =BT, BB' = 1. For every |[v) € V if Blv)* € V then there exists an orthonormal “semi-
real 7 basis, V = {|l), [ = 1,2, ---} such that B|l)* = |I).

Proof

Start with an arbitrary orthonormal bais, {|v;), [ = 1,2,---} and let |1) o |vq1) + B|v1)*. Af-
ter the normalization, (1|1) = 1, we can take a new orthonormal basis, {|1),]2"),|3), - -}.
Now we assume that {|1),]2),---|k — 1), |k),|(k + 1)),---} is an orhonormal basis such
that Blj)* = |j) for 1 < j < k — 1. To construct the kth such a vector, |k) we set
|k) o< |K") + B|k')* with the normalization. We check this is orthogonal to |j), 1 < j < k—1

(ICIK) + BIK)") = 0+ (klj) = 0. (2.7)
In this way one can construct the desired basis.

In the spacetime which admits Majorana spinor from Eq.(2.4)

n=+1: t—s=0,1,2mod 8
(2.8)
n=-—1: t—s=0,6,7mod 8§,
more explicitly in the even dimensions having e, = 1 (or e = 1) where B, (or B_) is

symmetric and also in the odd dimensions of ¢ = 1 where B is symmetric, from the fact 1
above we can choose an “semi-real ” orthonormal basis such that B]|l)* = |I) In the basis,

we write the gamma matrices
=2 Ripll(ml. (2.9)
From ny** = B,»*B,"" and the property of the semi-real basis, B, |l)* = |I) we get
(Rim)” = nki, . (2.10)
Since RM is also a representation of the gamma matrix
R'RY + RVR* = 2™ (2.11)

adopting the true real basis, we conclude that there exists a Majorana represention where
the gamma matrices are real, n = + or pure imaginary, 7 = — in the spacetime admitting
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Majorana spinors.

Furthermore from Eq.(1.30), in the even dimension of £ — s = 0 mod 8, e, = 1 and
A% = B+ B=1 (here we omit the subscript index #+ or n for simplicity.). The
action, |v) — Bf|v)* preserves the chirality, and from the fact 1 above we can choose
an orthonormal semi-real basis for the chiral and anti-chiral spinor spaces, V =V, +V_,
V. = {|l+)} such that

(elma) = 0, (elmz) =0, AU =+l), Bl =), (212
With the semi-real basis
A = <(1] _01 ) , (2.13)
and the gamma matrices are in the Majorana representation
= ( TOT 7: > , rt e 024271, T kT = Q5m (2.14)
1

From Eq.(2.12) any two sets of semi-real basis, say {|l+)} and {|I+)} are connected by
an O((2%271)) transformation

|Z¢> = ZAimz\mi> ; ZAilmAinm = O - (2.15)
If we define
Ay = Apgm|la)(my], (2.16)
I,m

then |I) = AL|l+) and from the definition of the semi-real basis

Ay = B'A*B=A.P, = PiA,, AAL =Py (2.17)
We write - )
Ai = GM:E , Mi = Z (—1)n+lﬁ(Ai — P:t>n =In A:t . (218)
n=1

Thus for Ay such that the infinity sum converges we have
My =—-M{=BM!B=M.P, =P.M, . (2.19)

This gives a strong constraint when we express M. by the gamma matrix products. For
the Eucledean eight dimensions only the SO(8) generators for the spinors survive in the

expansion!
My = Jwey™ Py . (2.20)
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Namely we find an isomorphism between the two SO(8)’s, one for the semi-real vectors and
the other for the spinors in the conventional sense. Alternatively this can be seen from

a rlapblT 0
= (" et ) 2.21)

where the each block diagonal is a generator of SO(D) while the dimension of the chiral
space is 2%/271. Only in d = 8 both coincide.

Fact 2:
Consider an arbitrary real self-dual or anti-self-dual four form in D = 8

Tc?lz)cd = :l:%l EabcdefghTiefgh . (222)

Using the SO(8) rotations one can transform the four form into the canonical form where
the non-vanishing components are Tiss,, Tisss, Tisrs, Tiosr, Tises, Tiiss, Tiie, and their dual
counter parts only.

Proof
We start with the seven linearly independent traceless Hermitian matrices

By =v""Py,  Eiy=9""PL, FEi3=7"""Py, Eiy=~""P:,

(2.23)
Eis=7"®'P., Ey=7""Py, FEi=7""P;.
As they commute each other, there exists a basis V. = {|l+)} diagonalizing the seven
quantities
Bo= YAl (=1 (2.21)
!

Further, since Cll1)* is also an eigenvector of the same eigenvalues, from the fact 1 we can
impose the semi-reality condition without loss of generality, C|l+)* = |i1).

Now for the self-dual four form we let
T =15 . (2.25)
Since T is Hermitian and C(T*)*CT = T*, one can diagonalize T* with a semi-real basis

T+ = ;Mllwll . Cll) =) (2.26)
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For the two semi-real basis above we define a transformation matrix
Oy = |li)(l~i| . (2.27)

Then, since T is traceless, OiTiOi can be written in terms of F;’s. Finally the fact O
gives a spinorial SO(8) rotation completes our proof.

Some useful formulae are

Py =FEnEooFbEi3s=FEFiabis =Eo Bl = EoFE  Fig

(2.28)
= FEplbisEir = BBy Byr = ErsEysFoyg .
For an arbitrary self-dual or anti-self-dual four form tensor in D = 8§, from
TaicdeT:tbcde _ (%>2€acdefghi EdeejklmTifghi@ilm
(2.29)
— i(sach:EefTiCdEf _ T;’::deTibcde ’
we obtain an identity

T T = § 8, T, jTeT (2.30)

3 Superalgebra

3.1 Graded Lie Algebra

Supersymmetry algebra is a Zs graded Lie algebra, g = {T,}, which is an algebra with
commutation and anti-commutation relations [5, 6]

[To, Ty} = CT. (3.1)
where C¢, is the structure constant and
[T, Ty} = T, T, — (—1)**'T,T, (3.2)
with #a, the Zy grading of T,

1 for fermionic a

g = { 0 for bosonic a
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The generalized Jacobi identity is
(To, [Th, Te}} = (=)D, [T, Tt} = (|10, Th}, T} (3.4)
which implies
(=1)##eCRCh. + (=) CyCg, + (1) P CE,Ch = 0 (3.5)

For a graded Lie algebra we consider
9(2) = exp(2"Ty) (3.6)

where 2% is a superspace coordinate component which has the same bosonic or fermionic
property as T, and hence z%T, is bosonic.

In the general case of non-commuting objects, say A and B, the Baker-Campbell-Haussdorff
formula gives

efef = exp <i Cn(A, B)) (3.7)

n=0

where C),(A, B) involves n commutators. The first three of these are
Co(A,B)=A+ B

Ca(A, B) = 5[[4, B, B + 5[4, [A, B]]

12
Since for the graded algebra
[2°T,, 2"Ty)) = 2°2°[T,, Ty} = 2°2°CS,T. (3.9)

the Baker-Campbell-Haussdorff formula (3.7) implies that g(z) forms a group, the graded
Lie group. Hence we may define a function on superspace, f*(w, z), by

g9(w)g(z) = g(f(w, 2)) (3.10)

Since ¢(0) = e, the identity, we have f(0,z2) = 2z, f(w,0) = w and further we assume that
f(w, z) has a Taylor expansion in the neighbourhood of w = z = 0.
Associativity of the group multiplication requires f(w, z) to satisfy

f(f(uv w)7 Z) - f(uv f(w7 Z)) (311)
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3.2 Left & Right Invariant Derivatives

For a graded Lie group, left and right invariant derivatives, L,, R, are defined by

Log(2) = g(2)Ta (3.12)
Rug(z) = —Tug(2) (3.13)
Explicitly we have
Lo = L°(2)0y LS(2) = (W » (3.14)
I e (3.15)

where 0, = %.

It is easy to see that L, is invariant under left action, g(z) — hg(z), and R, is invariant
under right action, g(z) — g(z)h.
From eqgs.(3.12,3.13) we get

[La, Lo} = C¢, L, (3.16)

[Ra, Ry} = C4,R, (3.17)
and from eqs.(3.12,3.13) we can also easily show
(L By} = 0 (3.18)

Thus, L.(z), R.(z) form representations of the graded Lie algebra separately. For the
supersymmetry algebra, the left invariant derivatives become covariant derivatives, while
the right invariant derivatives become the generators of the supersymmetry algebra acting
on superfields.

3.3 Superspace & Supermatrices

In general a superspace may be denoted by R4, where p, g are the number of real commuting
(bosonic) and anti-commuting (fermionic) variables respectively. A supermatrix which takes
RPI4 — RPI? may be represented by a (p + ¢) x (p + ¢) matrix, M, of the form

M:(‘CL Z) (3.19)
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where a,d are p X p, ¢ X ¢ matrices of Grassmanian even or bosonic variables and b, ¢ are
p X q, ¢ X p matrices of Grassmanian odd or fermionic variables respectively.
The inverse of M can be expressed as

-1 (a—bd~te)™! —a~'b(d — ca~'b)"!
M= ( —d le(a —bdte)™! (d—ca™'b)~! ) (3.20)

where we may write

(a—bd ') =a +Z “bd o) et (3.21)

Note that due to the fermionic property of b, ¢, the power series terminates at n < pq + 1.
The supertrace and the superdeterminant of M are defined as

str M =tra—trd (3.22)
sdet M = det(a — bd~'c)/ det d = det a/ det(d — ca™'b) (3.23)

The last equality comes from
det(1 —a 'bd'c) = det ™' (1 — d tca™'b) (3.24)

which may be shown using

det(l —a) = exp (—

i

tr a”) (3.25)
and observing
tr(a~bd 'c)" = —tr (d"'ca 'b)" (3.26)

From eq.(3.23) we note that sdet M # 0 implies the existence of M~'. Thus the set of
supermatrices for sdet M # 0 forms the supergroup, Gl(p|q). If sdet M = 1 then

M € Sl(plg).

The supertrace and the superdeterminant have the properties

str (M1M2> = str (Mng) (327)

sdet (M7 Ms) = sdet My sdet My (3.28)
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We may define the transpose of the supermatrix, M, either as

at
w=( 5%
/ at —ct
w7

or as

where at, b, ¢!, d' are the ordinary transposes of a, b, c, d respectively.

We note that

(MyMy)" = M, M (M My)" = My MY

(Mt>t’ —_ (Mt’)t - M

18
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