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Appendix XV: Multiplication of multivectors using ma-
trices

The multiplication of two general multivectors involves 256 components, and together

with its non-commuting nature, this makes it useful to be implemented in a computerpro-

gram as a matrix multiplication.
Ve = (M(®)D)-¢é
= (M(®)xy¥y) - ey (1)
U = Uy-ey Ye{ v uvrur 0123} (2)

If W is of the form given by Eq. (??), so that sg = ¢, v, = ¢, b; = ¢, etc., the matrix M

looks like this:
¢ Qo —¢1 —¢P2 —P3 Y0 P Pz —P3 —P31 —P12 —Po2s —Pozr —Po1z P13 —Po123
b0 ¢ —d10 —P0 —¢P30 ¢1 b2 ¢3  —Poaz —Po31 —Po12 —P23 —P31 —P12 —Poizs D123
¢1 —¢10 ¢ P12 —¢Pz1 o Poiz —Poz1 —P123 Pz —P2 —Qo12z —P30 P20 —P23 Doz
P2 —¢a0 —12 @ a3 —do12 Yo Doz —¢3 —Pra3 d1 P30 —Qois —Pi0 — P31 Post
3 —¢30 P31 —¢a3 @ o1 —Poaz Do P2 —¢Q1 —Pr1a3 —P P10 —Poi2z —P12 Poi2
P10 —¢1 Qo Poiz —¢o31 ¢ P12 —@31 Qo Pao —Pa0 P23 —P3 P2 —Poaz  Pa3
P20 —¢2 —Po12 o Pos —¢P12 @ P23 —P30 Po12s P10 Pz P12z —P1 —doz1 Pm
P30 —P3 Qos1 —¢os Yo Pz —Paz @ P20 —¢10 Po12z —P2  P1 Q123 —Poiz P12
P23 Qo2z —Pr23 3 —P2 —do12z —P30 P20 ¢ P2 —¢Pz1 o Poiz —Poz1 —P1 —io
P31 Poz1 —P3 —P123 P1 Pa0 —Poizs —Pr0 —Pr2 @ a3 —doiz Yo Doz —P2  —Pao
P12 Go12 P2 —¢1 —@123 —P20 G0 —Poizs P31 —Paz @ Poz1 —Pozs  Po  —P3 —@30
Po2s P23 Qo123 Pz0 —Pa0 P13 —P3 P2 o Goi2 —Poz1 ¢ P12 —P31 —P10 —¢1
G031 P31 —¢30 Poi1zz Y0 @3 P2z —P1 —Poiz G0 Do —P12 @ P23 —¢a0  —P2
o1z P12 P20 —P10 Goizs —P2  G1 P23 Pos1 —Po2s Qo Par —Paz O —Pz  —P3
$123 Qo123 P23 P31 P12 Po2s Pzt Qo2 D1 P2 Pz —@i0 —Pao —Pz @ —o
Po123 D123 —Po23 —Po31 —Po12 —P23 —Pz1 —P12 —P10 —P20 —Pz0 1 P2 b3 —o ¢

In case ¢y are the unit vectors, this matrix is the sum of 16 matrices that form a represen-

tation of the algebra of 16 x 16 matrices {ey } with real entries: Mg(IR).
The multiplication of two arbitrary multivectors ¥ = s+ v+ b+ r +t + ¢ yields

1 1
U,V = U, -Us4+ T, AUg= 5(%\115 + Ws¥,) + 5(%% —Us¥,) (3)
with
Vo Us = 500508 + Voalog — Un * Ug + be, - 5,8 — T+ 75 — o + £ + toatos — Goalop

2




—

+  eo(S0avos + S0sV0a — Ta * tpg — T3 1)

€1

+ | er | (S0als + 5050 — toaTs — tosTa + ba X 15+ bs X 1)
€3
€10
+ | e | (S0abs + S0sba + GoaTs + GosTa + Ta X L5 + U5 X 1)
€30

€23
+ es1 | (S0aT3 +‘505f;‘+'U0a£;‘+'v05£; — toaUs — 03U — Qoabp — qosba)

€12

€023
€031 (S(]atg + Sogta + UOaFB + ’Uog”f_”a + ﬁa X bﬁ + 175 X ba)

+

€012

6123(50at05 + Soﬁt()a + ﬁa . T_'b + 175 . Fa)

+
+ 60123(£0aQ05 + S0890a — by ‘fb —‘bﬁ 'f&)



