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Abstract: In his paper' Harish-Chandra gave the beautiful formula for the
product of Dirac-matrices. His formula involves an anti-symmetric tensor

quantity &, Lvpor in which each index takes the values from 0 to 5. Each

non-zero component of this tensor depends on the permutation of the set {0,
1, 2, 3, 4, 5}. To understand the analysis given in Harish-Chandra' it is
essential to have an idea of such components of this tensor. For this purpose
in this paper we have given a computer programme in ‘C’ language which
first obtains all the permutations of the set {0, 1, 2, 3, 4, 5}, then arranges
them in their increasing order, decides each whether it is an even or odd

permutation and then prints the non-zero components of &, Lvpor in the

increasing order of their arguments. The output of the programme is also
given.
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Even and odd permutation, ‘C’ language program.
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1. Introduction

Harish-Chandra Formula' for the product of Dirac-matrices is given as-

-6,,0,,+t0,06,,+E, 0, —E, 0,
(1.1) E E = ; m
o _E/lpayv+Eyp52v_§gﬂyvpafE

Here 0 v 1s a Kronecker delta function defined as
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Lu=v
(1.2) 5, = H
# 0,u#v

and &, .., 1s anti-symmetric tensor in all six indices, and all indices

A,uv,p,o,r tun from 0 to 5 and &)y, =1. Sinceglﬂvpm is anti-

symmetric tensor in all six indices so if we change the pair of indices in
€ ),por 10 an even or odd number of times the value of &, . function is
non-zero (+1 or -1 respectively) and also if two or more indices are same

the value of & Auvpor function is zero.

Dirac-matrices ¥, (a =1,2,3,4) are the four matrices each of order four
with complex entries. These matrices are characterized by the relation -

(1.3) VTV, =20, .

This relation shows that matrices anti-commute with each other and square
of each is an identity matrix. These four matrices gives rise to a set of 16
quantities

1; {Identity matrix}
Va5 3715725 V35 74}
1YYy » @z D); {00101V 3001V 45872V 3587 2V 451737 4
iy, 7Y » (a,b,c all different); {iy,y,75,i7,7,04: 001737 450727374 }
ISVEYEVE

This set of matrices is closed under multiplication if we consider two
quantities, which differ by a numerical factor 1,—1,i or —i as essentially

the same. The advantage of multiplication by ‘i ° is that the square of each
matrix becomes unit matrix 1 and all matrices (excluding 1) become anti-
commuting to each other.

In' the quantity E , is obtained by multiplying 7 in ¥, .

So

(1.4) E =iy,

So equation (1.3) becomes

(1.5) EE +EE =-20,,
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and E is obtain as
Es=iys=iyy,157, -
So
(1.6) E;=iE\E,EE,.
Hence
El=-1,EE =-EE, (a=1234)

The matrices E,, E,, E;, E,, E, anti-commute with each other and
squares equal to —1.
In Harish-Chandra' also defined

E, = EE, (Aot = 12345 A# 1)
E,, = E,

E, = -E,, = -E,

E, =0 (A =0,1234.5).

So E,, is product of two quantity £, E and E, =iy,, E, =iy,,.

2. The Tensor Identities

In section 3 of Prof. Harish-Chandra' using the following tensor
identities to calculate the matrix determinant of T.

Apa By's” B
(2.1) EpuiipE T gl 5 T1O(t gt 5=, E g5 =T yst )

In L.H.S. there are 4 free indices «.B,y,6 and 6 summation indices
Ap,a',ply,s'. Each summation index run from 0 to 5. If we vary all
summation index we get only 48 non-zero term of type ¢,z in R.H.S. In
this there are 16 positive terms of 7, as (a,f,7,6) is even permutation
(a,p,7,6), 16 negative term of ¢, 1, as (a,7,4,6) is odd permutation of
(a,p,7,6) and 16 negative term of 7,1, as (a,5,7,5) is odd permutation of
(a,B,7,9). The positive or negative sign is choosen according as even or
odd permutation of («, £,7,0).
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1
(2.2) Ll g €t 8 =—1, L

al” Bp
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uv-or 6

With the help of this identity we collect the free index 4, p in one‘t’ asz,, .

3. The Computer Programme

With the help” * * here I am giving the computer program in ‘C’
language to print the all non-zero components of six dimensional anti-

symmetric tensor € ) vpor - Epsilon function & 1ot have total 6°=46656

number of components. Out of these 6° there are only 720 non-zero

components. These 720 non-zero components of &, . are the all

permutations of the set {0, 1, 2, 3, 4, 5} of degree six.

[F <L LKL KK<KPROGR A M>>> S>> >>>>>> > %

/* A computer program in 'C' language to print the all non-zero components
of an anti-symmetric tensor & juvpor (as in symbol e (ijklmn)) with its

value, here indices 1, j, k, I, m, n run from 0 to 5 and &;;,5,5 =1.*/

#include <stdio.h>
#include <conio.h>
main( )
{
int a,b,c,d,e.f,g,h,i,j,k;
int I,m,n,s,t,u,v,w,X,y,z;
clrser( );
for(i=0;1<6;1++)
{
for(j=0;j<6;j++)
{
if(j!=1)
{
for(k=0;k<6;k++)
{
if(k!=1 && k!=9)
{
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for(1=0;1<6;1++)
{
if(l!=1 && 1!=j &&l1!=k)
{
for(m=0;m<6;m++)
{
if(m!=1 && m!=j && m!=k && m!=l)
{
for(n=0;n<6;n++)
{
if(n!=1 && n!=j && n!=k && n!=l && n!=m)
{
if(i>))
a=1;
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=1;
else
=0;
if(G>1)
g=1;
else
g=0;
if(G>m)
h=1;
else
h=0;
if(j>n)
u=I;
else
u=0;
if(k>1)
v=I;
else
v=0;
if(k>m)
w=1;
else
w=0;
if(k>n)
x=1;
else
x=0;
if(I>m)
y=1;
else
y=0;
if(I>n)
z=1;
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else
z=0;
if(m>n)
s=1;
else
s=0;
t=(at+b+ct+d+et+f+gthtutvtwx+y+z+s)%?2;
if(t==0)
printf(" e(%d%d%d%d%d%d) =+1",i,j,k,I,m,n);
else
printf(" e(%d%d%d%d%d%d) =-1",i,j,k,1,m,n);
}
}
§
H
H
§
§
h
}
}
getch( );
printf(“\n”);
}

4. The Output of Programme

The print of output of programme is obtained from ‘C’ language by using
debug-toggle breakpoint, compile, run, window-output and file-print

commands. In printout the value of & yupor (as in symbol e( AuVPOT))

function is +1 or -1 according as (A, 4V, p,0,7) is an even or odd
permutation of (0,1,2,3,4,5). The print of output of programme is giving in
next pages.
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e(012345) =+1
e(012534) =+1
e(013425) =+1
e(014235) =+1
e(014523) =+1
e(015324) =+1
€(021345) =-1
e(021534) =-1
€(023415) =-1
€(024135) =-1
€(024513) =-1
e(025314) =-1
e(031245) =+1
e(031524) =+1
e(032415) =+1
€(034125) =+1
€(034512) =+1
e(035214) =+1
e(041235) =-1
e(041523) =-1
e(042315) =-1
€(043125) =-1
€(043512) =-1
€(045213) =-1
e(051234) =+1
e(051423) =+1
€(052314) =+1
e(053124) =+1
e(053412) =+1
e(054213) =+1

Vinod Kumar Yadav

Output of program page-1/6

e(012354) =-1
e(012543) =-1
e(013452) =-1
e(014253) =-1
e(014532) =-1
e(015342) =-1
e(021354) =+1
e(021543) =+1
e(023451) =+1
e(024153) =+1
e(024531) =+1
e(025341) =+1
e(031254) =-1
e(031542) =-1
e(032451) =-1
e(034152) =-1
€(034521) =-1
e(035241) =-1
e(041253) =+1
e(041532) =+1
e(042351) =+1
e(043152) =+1
e(043521) =+1
e(045231) =+1
e(051243) =-1
e(051432) =-1
e(052341) =-1
e(053142) =-1
e(053421) =-1
e(054231) =-1

e(012435) =-1
e(013245) =-1
e(013524) =-1
e(014325) =-1
e(015234) =-1
e(015423) =-1
€(021435) =+1
€(023145) =+1
e(023514) =+1
€(024315) =+1
e(025134) =+1
e(025413) =+1
€(031425) =-1
€(032145) =-1
e(032514) =-1
e(034215) =-1
e(035124) =-1
e(035412) =-1
e(041325) =+1
€(042135) =+1
e(042513) =+1
€(043215) =+1
e(045123) =+1
e(045312) =+1
e(051324) =-1
e(052134) =-1
e(052413) =-1
e(053214) =-1
e(054123) =-1
e(054312) =-1

e(012453) =+1
e(013254) =+1
e(013542) =+1
e(014352) =+1
e(015243) =+1
e(015432) =+1
€(021453) =-1
e(023154) =-1
e(023541) =1
e(024351) =-1
€(025143) =-1
€(025431) =-1
e(031452) =+1
e(032154) =+1
e(032541) =+1
e(034251) =+1
e(035142) =+1
e(035421) =+1
€(041352) =-1
€(042153) =-1
€(042531) =-1
e(043251) =-1
€(045132) =-1
€(045321) =-1
e(051342) =+1
e(052143) =+1
e(052431) =+1
e(053241) =+1
e(054132) =+1
e(054321) =+1
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€(102345) =-1
€(102534) =-1
€(103425) =-1
€(104235) =-1
€(104523) =-1
e(105324) =-1
e(120345) =+1
e(120534) =+1
e(123405) =+1
e(124035) =+1
e(124503) =+1
e(125304) =+1
e(130245) =-1
e(130524) =-1
e(132405) =-1
e(134025) =-1
e(134502) =-1
e(135204) =-1
e(140235) =+1
e(140523) =+1
e(142305) =+1
e(143025) =+1
e(143502) =+1
e(145203) =+1
e(150234) =-1
e(150423) =-1
e(152304) =-1
e(153024) =-1
e(153402) =-1
e(154203) =-1

Output of program page-2/6

e(102354) =+1
e(102543) =+1
e(103452) =+1
e(104253) =+1
e(104532) =+1
e(105342) =+1
e(120354) =-1
e(120543) =-1
e(123450) =-1
e(124053) =-1
e(124530) =-1
e(125340) =-1
e(130254) =+1
e(130542) =+1
e(132450) =+1
e(134052) =+1
e(134520) =+1
e(135240) =+1
e(140253) =-1
e(140532) =-1
e(142350) =-1
e(143052) =-1
e(143520) =-1
e(145230) =-1
e(150243) =+1
e(150432) =+1
e(152340) =+1
e(153042) =+1
e(153420) =+1
e(154230) =+1

e(102435) =+1
€(103245) =+1
e(103524) =+1
€(104325) =+1
e(105234) =+1
€(105423) =+1
€(120435) =-1
e(123045) =-1
e(123504) =-1
e(124305) =-1
e(125034) =-1
e(125403) =-1
e(130425) =+1
e(132045) =+1
e(132504) =+1
e(134205) =+1
e(135024) =+1
e(135402) =+1
e(140325) =-1
e(142035) =-1
e(142503) =-1
e(143205) =-1

e(145023) =-1
e(145302) =-1
e(150324) =+1
e(152034) =+1
e(152403) =+1
e(153204) =+1
e(154023) =+1
e(154302) =+1

€(102453) =-1
€(103254) =-1
€(103542) =-1
€(104352) =-1
€(105243) =-1
€(105432) =-1
e(120453) =+1
e(123054) =+1
e(123540) =+1
e(124350) =+1
e(125043) =+1
e(125430) =+1
€(130452) =-1
e(132054) =-1
e(132540) =-1
e(134250) =-1
e(135042) =-1
e(135420) =-1
e(140352) =+1
e(142053) =+1
e(142530) =+1
e(143250) =+1
e(145032) =+1
e(145320) =+1
e(150342) =-1
e(152043) =-1
e(152430) =-1
e(153240) =-1
e(154032) =-1
e(154320) =-1
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€(201345) =+1
€(201534) =+1
€(203415) =+1
€(204135) =+1
€(204513) =+1
€(205314) =+1
€(210345) =-1
e(210534) =-1
€(213405) =-1
€(214035) =-1
€(214503) =-1
e(215304) =-1
€(230145) =+1
e(230514) =+1
€(231405) =+1
€(234015) =+1
€(234501) =+1
€(235104) =+1
€(240135) =-1
€(240513) =-1
e(241305) =-1
€(243015) =-1
€(243501) =-1
€(245103) =-1
e(250134) =+1
e(250413) =+1
e(251304) =+1
e(253014) =+1
e(253401) =+1
e(254103) =+1
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Output of program page-3/6

e(201354) =-1
€(201543) =-1
€(203451) =-1
€(204153) =-1
€(204531) =-1
€(205341) =-1
€(210354) =+1
€(210543) =+1
e(213450) =+1
€(214053) =+1
e(214530) =+1
e(215340) =+1
€(230154) =-1
€(230541) =-1
e(231450) =-1
€(234051) =-1
€(234510) =-1
€(235140) =-1
€(240153) =+1
€(240531) =+1
e(241350) =+1
€(243051) =+1
€(243510) =+1
€(245130) =+1
€(250143) =-1
€(250431) =-1
e(251340) =-1
e(253041) =-1
e(253410) =-1
e(254130) =-1

€(201435) =-1
€(203145) =-1

€(203514) =-1
€(204315) =-1
€(205134) =-1
€(205413) =-1
€(210435) =+1
e(213045) =+1
e(213504) =+1
€(214305) =+1
e(215034) =+1
e(215403) =+1
€(230415) =-1
€(231045) =-1
e(231504) =-1

€(234105) =-1
e(235014) =-1
€(235401) =-1
€(240315) =+1
€(241035) =+1
€(241503) =+1
€(243105) =+1
€(245013) =+1
e(245301) =+1
e(250314) =-1
€(251034) =-1
e(251403) =-1
e(253104) =-1
€(254013) =-1
€(254301) =-1

€(201453) =+1
€(203154) =+1
€(203541) =+1
€(204351) =+1
€(205143) =+1
€(205431) =+1
€(210453) =-1
e(213054) =-1
e(213540) =-1
€(214350) =-1
€(215043) =-1
€(215430) =-1
€(230451) =+1
€(231054) =+1
e(231540) =+1
€(234150) =+1
e(235041) =+1
€(235410) =+1
€(240351) =-1
€(241053) =-1
€(241530) =-1
€(243150) =-1
€(245031) =-1
€(245310) =-1
€(250341) =+1
€(251043) =+1
e(251430) =+1
e(253140) =+1
e(254031) =+1
e(254310) =+1
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€(301245) =-1
¢(301524) =-1
€(302415) =-1
€(304125) =-1
€(304512) =-1
e(305214) =-1
€(310245) =+1
€(310524) =+1
e(312405) =+1
€(314025) =+1
e(314502) =+1
e(315204) =+1
€(320145) =-1
e(320514) =-1
€(321405) =-1
€(324015) =-1
€(324501) =-1
€(325104) =-1
e(340125) =+1
e(340512) =+1
e(341205) =+1
e(342015) =+1
e(342501) =+1
€(345102) =+1
e(350124) =-1
e(350412) =-1
e(351204) =-1
e(352014) =-1
e(352401) =-1
e(354102) =-1

Output of program page-4/6

e(301254) =+1
e(301542) =+1
€(302451) =+1
e(304152) =+1
e(304521) =+1
e(305241) =+1
e(310254) =-1
e(310542) =-1
e(312450) =-1
e(314052) =-1
€(314520) =-1
e(315240) =-1
e(320154) =+1
e(320541) =+1
e(321450) =+1
e(324051) =+1
e(324510) =+1
e(325140) =+1
e(340152) =-1
e(340521) =-1
e(341250) =-1
e(342051) =-1
e(342510) =-1
e(345120) =-1
e(350142) =+1
e(350421) =+1
e(351240) =+1
€(352041) =+1
e(352410) =+1
e(354120) =+1

e(301425) =+1
€(302145) =+1
e(302514) =+1
€(304215) =+1
e(305124) =+1
€(305412) =+1
€(310425) =-1
e(312045) =-1
e(312504) =-1
e(314205) =-1
e(315024) =-1
e(315402) =-1
€(320415) =+1
€(321045) =+1
e(321504) =+1
e(324105) =+1
e(325014) =+1
e(325401) =+1
e(340215) =-1
e(341025) =-1
e(341502) =-1
e(342105) =-1
e(345012) =-1
e(345201) =-1
e(350214) =+1
€(351024) =+1
e(351402) =+1
e(352104) =+1
e(354012) =+1
e(354201) =+1

€(301452) =-1
€(302154) =-1
€(302541) =-1
€(304251) =-1
€(305142) =-1
€(305421) =-1
e(310452) =+1
e(312054) =+1
e(312540) =+1
e(314250) =+1
e(315042) =+1
e(315420) =+1
€(320451) =-1
e(321054) =-1
€(321540) =-1
€(324150) =-1
€(325041) =-1
e(325410) =-1
e(340251) =+1
e(341052) =+1
e(341520) =+1
e(342150) =+1
e(345021) =+1
e(345210) =+1
€(350241) =-1
€(351042) =-1
€(351420) =-1
e(352140) =-1
€(354021) =-1
€(354210) =-1
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e(401235) =+1
€(401523) =+1
€(402315) =+1
€(403125) =+1
e(403512) =+1
€(405213) =+1
€(410235) =-1
e(410523) =-1
e(412305) =-1
e(413025) =-1
e(413502) =-1
e(415203) =-1
e(420135) =+1
e(420513) =+1
e(421305) =+1
e(423015) =+1
€(423501) =+1
€(425103) =+1
e(430125) =-1
e(430512) =-1
e(431205) =-1
e(432015) =-1
€(432501) =-1
€(435102) =-1
e(450123) =+1
e(450312) =+1
e(451203) =+1
€(452013) =+1
e(452301) =+1
e(453102) =+1

Vinod Kumar Yadav

Output of program page-5/6

e(401253) =-1
e(401532) =-1
€(402351) =-1
€(403152) =-1
€(403521) =-1
€(405231) =-1
e(410253) =+1
e(410532) =+1
e(412350) =+1
e(413052) =+1
e(413520) =+1
e(415230) =+1
€(420153) =-1
€(420531) =-1
e(421350) =-1
e(423051) =-1
€(423510) =-1
€(425130) =-1
e(430152) =+1
e(430521) =+1
e(431250) =+1
e(432051) =+1
e(432510) =+1
e(435120) =+1
e(450132) =-1
e(450321) =-1
e(451230) =-1
e(452031) =-1
e(452310) =-1
e(453120) =-1

e(401325) =-1
€(402135) =-1
€(402513) =-1
€(403215) =-1
€(405123) =-1
€(405312) =-1
€(410325) =+1
e(412035) =+1
e(412503) =+1
e(413205) =+1
e(415023) =+1
e(415302) =+1
€(420315) =-1
€(421035) =-1
e(421503) =-1
€(423105) =-1
e(425013) =-1
€(425301) =-1
€(430215) =+1
€(431025) =+1
e(431502) =+1
€(432105) =+1
e(435012) =+1
€(435201) =+1
€(450213) =-1
€(451023) =-1
e(451302) =-1
e(452103) =-1
e(453012) =-1
e(453201) =-1

e(401352) =+1
e(402153) =+1
e(402531) =+1
€(403251) =+1
e(405132) =+1
e(405321) =+1
€(410352) =-1
e(412053) =-1
e(412530) =-1
€(413250) =-1
€(415032) =-1
€(415320) =-1
e(420351) =+1
e(421053) =+1
e(421530) =+1
e(423150) =+1
e(425031) =+1
e(425310) =+1
€(430251) =-1
€(431052) =-1
€(431520) =-1
€(432150) =-1
€(435021) =-1
€(435210) =-1
e(450231) =+1
e(451032) =+1
e(451320) =+1
e(452130) =+1
e(453021) =+1
e(453210) =+1
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e(501234) =-1
€(501423) =-1
e(502314) =-1
e(503124) =-1
€(503412) =-1
e(504213) =-1
e(510234) =+1
e(510423) =+1
e(512304) =+1
e(513024) =+1
e(513402) =+1
e(514203) =+1
e(520134) =-1
e(520413) =-1
e(521304) =-1
e(523014) =-1
€(523401) =-1
e(524103) =-1
e(530124) =+1
e(530412) =+1
e(531204) =+1
e(532014) =+1
e(532401) =+1
e(534102) =+1
e(540123) =-1
e(540312) =-1
e(541203) =-1
e(542013) =-1
e(542301) =-1
e(543102) =-1

Output of program page-6/6

e(501243) =+1
e(501432) =+1
€(502341) =+1
e(503142) =+1
e(503421) =+1
e(504231) =+1
€(510243) =-1
¢(510432) =-1
e(512340) =-1
e(513042) =-1
e(513420) =-1
e(514230) =-1
e(520143) =+1
e(520431) =+1
e(521340) =+1
e(523041) =+1
e(523410) =+1
e(524130) =+1
e(530142) =-1
e(530421) =-1
e(531240) =-1
e(532041) =-1
¢(532410) =-1
e(534120) =-1
e(540132) =+1
e(540321) =+1
e(541230) =+1
e(542031) =+1
e(542310) =+1
e(543120) =+1

e(501324) =+1
e(502134) =+1
€(502413) =+1
e(503214) =+1
e(504123) =+1
e(504312) =+1
e(510324) =-1
e(512034) =-1
e(512403) =-1
e(513204) =-1
e(514023) =-1
e(514302) =-1
€(520314) =+1
e(521034) =+1
e(521403) =+1
e(523104) =+1
e(524013) =+1
e(524301) =+1
e(530214) =-1
e(531024) =-1
e(531402) =-1
e(532104) =-1
e(534012) =-1
e(534201) =-1
e(540213) =+1
e(541023) =+1
e(541302) =+1
e(542103) =+1
e(543012) =+1
e(543201) =+1

€(501342) =-1
€(502143) =-1
€(502431) =-1
€(503241) =-1
€(504132) =-1
€(504321) =-1
e(510342) =+1
e(512043) =+1
e(512430) =+1
e(513240) =+1
e(514032) =+1
e(514320) =+1
€(520341) =-1
€(521043) =-1
€(521430) =-1
€(523140) =-1
€(524031) =-1
€(524310) =-1
e(530241) =+1
€(531042) =+1
e(531420) =+1
e(532140) =+1
e(534021) =+1
e(534210) =+1
€(540231) =-1
€(541032) =-1
e(541320) =-1
e(542130) =-1
e(543021) =-1
e(543210) =-1
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5. Conclusion

The values obtained in this paper are useful in understanding the
analysis' and verifying the tensor identities (2.1), (2.2) and others given'.
Acknowledgement: [ am grateful to my supervisor Dr. T. N. Trivedi for
guidance and encouragement during the study of this work.
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