
Pseudo Scalar I = γt ∧ γx ∧ γy ∧ γz

Ixyz = γx ∧ γy ∧ γz

Electromagnetic Field Bi-Vector F =− Exe−i(−ωt+kxx+kyy+kzz)γt ∧ γx
− Eye−i(−ωt+kxx+kyy+kzz)γt ∧ γy
− Eze−i(−ωt+kxx+kyy+kzz)γt ∧ γz
−Bze−i(−ωt+kxx+kyy+kzz)γx ∧ γy
+Byei(ωt−kxx−kyy−kzz)γx ∧ γz
−Bxe−i(−ωt+kxx+kyy+kzz)γy ∧ γz

Geom Derivative of Electomagnetic Field Bi-Vector

∇F = 0 =− i (Exkx + Eyky + Ezkz) e
−i(−ωt+kxx+kyy+kzz)γt

+ i (Bykz −Bzky − Exω) ei(ωt−kxx−kyy−kzz)γx

+ i (−Bxkz +Bzkx − Eyω) ei(ωt−kxx−kyy−kzz)γy

+ i (Bxky −Bykx − Ezω) ei(ωt−kxx−kyy−kzz)γz

+ i (−Bzω − Exky + Eykx) e
i(ωt−kxx−kyy−kzz)γt ∧ γx ∧ γy

+ i (Byω − Exkz + Ezkx) e
i(ωt−kxx−kyy−kzz)γt ∧ γx ∧ γz

+ i (−Bxω − Eykz + Ezky) e
i(ωt−kxx−kyy−kzz)γt ∧ γy ∧ γz

− i (Bxkx +Byky +Bzkz) e
−i(−ωt+kxx+kyy+kzz)γx ∧ γy ∧ γz

(∇F ) /
(
ieiK·X) = 0 = (−Exkx − Eyky − Ezkz)γt

+ (Bykz −Bzky − Exω)γx

+ (−Bxkz +Bzkx − Eyω)γy

+ (Bxky −Bykx − Ezω)γz

+ (−Bzω − Exky + Eykx)γt ∧ γx ∧ γy
+ (Byω − Exkz + Ezkx)γt ∧ γx ∧ γz
+ (−Bxω − Eykz + Ezky)γt ∧ γy ∧ γz
+ (−Bxkx −Byky −Bzkz)γx ∧ γy ∧ γz

set eE · ek = eB · ek = 0 and eE · eE = eB · eB = ek · ek = −et · et = 1

g =


−1 (eE · eB) 0 0

(eE · eB) −1 0 0
0 0 −1 0
0 0 0 1


K ·X = ωt− kxk

F =− Bei(ωt−kxk)√
− (eE · eB)2 + 1

eE ∧ ek

+ Eei(ωt−kxk)eE ∧ t

− (eE · eB)Bei(ωt−kxk)√
− (eE · eB)2 + 1

eB ∧ ek



(∇F ) /
(
ieiK·X) = 0 =

− Bk√
− (eE · eB)2 + 1

− Eω

 eE
− (eE · eB)Bk√

− (eE · eB)2 + 1
eB

+

− Bω√
− (eE · eB)2 + 1

− Ek

 eE ∧ ek ∧ t
− (eE · eB)Bω√

− (eE · eB)2 + 1
eB ∧ ek ∧ t

Previous equation requires that: eE · eB = 0 if B 6= 0 and k 6= 0

(∇F ) /
(
ieiK·X) = 0 = (−Bk − Eω) eE

+ (−Bω − Ek) eE ∧ ek ∧ t

0 = −Bk − Eω

0 = −Bω − Ek

eq3 = eq1-eq2: 0 = −Eω

k
+

Ek

ω

eq3 = (eq1-eq2)/E: 0 = −ω

k
+

k

ω

k =

[
−ω
ω

]
B =

[
−E
E

]


