
def Maxwel l s Equat ions in Geometr i c Ca lcu lus ( ) :
Pr int Funct ion ( )
X = symbols ( ’ t x y z ’ )
( g0 , g1 , g2 , g3 , grad ) = MV. setup ( ’gamma∗ t | x | y | z ’ , metr ic=’ [1 ,−1 ,−1 ,−1] ’ , coords=X)
I = MV. I
B = MV( ’B ’ , ’ vec to r ’ , f c t=True )
E = MV( ’E ’ , ’ vec to r ’ , f c t=True )
B. s e t c o e f ( 1 , 0 , 0 )
E. s e t c o e f ( 1 , 0 , 0 )
B ∗= g0
E ∗= g0
J = MV( ’ J ’ , ’ v ec to r ’ , f c t=True )
F = E+I ∗B
print r ’ \ t ex t {Pseudo Sca l a r \ ; \ ; } I =’ , I
print ’ \\ t ex t {Magnetic F i e ld Bi−Vector \\ ;\\ ;} B = \\bm{B\\gamma { t }} =’ ,B
print ’ \\ t ex t { E l e c t r i c F i e ld Bi−Vector \\ ;\\ ;} E = \\bm{E\\gamma { t }} =’ ,E
print ’ \\ t ex t {Electromagnet i c F i e ld Bi−Vector \\ ;\\ ;} F = E+IB =’ ,F
print ’%\\ t ex t {Four Current Density \\ ;\\ ;} J =’ , J
gradF = grad∗F
print ’#Geometric Der iva t iv e o f Electomagnet ic F i e ld Bi−Vector ’
gradF .Fmt(3 , ’ grad∗F ’ )
print ’#Maxwell Equations ’
print ’ grad∗F = J ’
print ’#Div $E$ and Curl $H$ Equations ’
( gradF . grade (1)−J ) . Fmt(3 , ’%\\grade {\\ nabla F} {1} −J = 0 ’ )
print ’#Curl $E$ and Div $B$ equat ions ’
( gradF . grade ( 3 ) ) . Fmt(3 , ’%\\grade {\\ nabla F} {3} = 0 ’ )
return

Code Output:

Pseudo Scalar I = γt ∧ γx ∧ γy ∧ γz

Magnetic Field Bi-Vector B = Bγt = −Bxγt ∧ γx −Byγt ∧ γy −Bzγt ∧ γz
Electric Field Bi-Vector E = Eγt = −Exγt ∧ γx − Eyγt ∧ γy − Ezγt ∧ γz
Electromagnetic Field Bi-Vector F = E + IB = −Exγt ∧ γx − Eyγt ∧ γy − Ezγt ∧ γz −Bzγx ∧ γy +Byγx ∧ γz −Bxγy ∧ γz
Four Current Density J = J tγt + Jxγx + Jyγy + Jzγz

Geometric Derivative of Electomagnetic Field Bi-Vector Maxwell Equations

∇F = J

Div E and Curl H Equations Curl E and Div B equations

def Dirac Equat ion in Geometr i c Ca l cu lus ( ) :
Pr int Funct ion ( )
vars = symbols ( ’ t x y z ’ )
( g0 , g1 , g2 , g3 , grad ) = MV. setup ( ’gamma∗ t | x | y | z ’ , metr ic=’ [1 ,−1 ,−1 ,−1] ’ , coords=vars )
I = MV. I
(m, e ) = symbols ( ’m e ’ )
p s i = MV( ’ p s i ’ , ’ sp ino r ’ , f c t=True )
A = MV( ’A ’ , ’ vec to r ’ , f c t=True )
s i g z = g3∗g0
print ’ \\ t ex t{4−Vector Po t en t i a l \\ ;\\ ;}\\bm{A} =’ ,A
print ’ \\ t ex t{8−component r e a l sp ino r \\ ;\\ ;}\\bm{\\ p s i } =’ , p s i
d i r a c eq = ( grad∗ p s i )∗ I ∗ s i g z−e∗A∗ps i−m∗ p s i ∗g0
d i r a c eq . s imp l i f y ( )
d i r a c eq .Fmt(3 , r ’%\t ex t {Dirac Equation \ ;\ ;}\ nabla \bm{\ p s i } I \ s igma {z}−e\bm{A}\bm{\ p s i}−m\bm{\ p s i }\gamma { t } = 0 ’ )
return



Code Output:

4-Vector Potential A = Atγt +Axγx +Ayγy +Azγz

8-component real spinor ψ = ψ + ψtxγt ∧ γx + ψtyγt ∧ γy + ψtzγt ∧ γz + ψxyγx ∧ γy + ψxzγx ∧ γz + ψyzγy ∧ γz + ψtxyzγt ∧ γx ∧ γy ∧ γz

def Lorentz Tranformat ion in Geometr i c Algebra ( ) :
Pr int Funct ion ( )
( alpha , beta , gamma) = symbols ( ’ alpha beta gamma ’ )
(x , t , xp , tp ) = symbols ( ”x t x ’ t ’ ” )
( g0 , g1 ) = MV. setup ( ’gamma∗ t | x ’ , metr ic=’ [1 ,−1] ’ )
from sympy import s inh , cosh
R = cosh ( alpha/2)+ s inh ( alpha /2)∗ ( g0ˆg1 )
X = t ∗g0+x∗g1
Xp = tp∗g0+xp∗g1
print ’R =’ ,R
print r ”#%t \bm{\gamma { t}}+x\bm{\gamma {x}} = t ’\bm{\gamma ’ { t}}+x ’\bm{\gamma ’ {x}} = R\ lp t ’\bm{\gamma { t}}+x ’\bm{\gamma {x}}\ rp Rˆ{\ dagger }”
Xpp = R∗Xp∗R. rev ( )
Xpp = Xpp . c o l l e c t ( )
Xpp = Xpp . subs ({2∗ s inh ( alpha /2)∗ cosh ( alpha /2 ) : s inh ( alpha ) , s inh ( alpha /2)∗∗2+ cosh ( alpha /2)∗∗2 : cosh ( alpha )} )
print r ”%t \bm{\gamma { t}}+x\bm{\gamma {x}} =” ,Xpp
Xpp = Xpp . subs ({ s inh ( alpha ) : gamma∗beta , cosh ( alpha ) : gamma})
print r ’%\ f {\ s inh }{\ alpha } = \gamma\beta ’
print r ’%\ f {\ cosh }{\ alpha } = \gamma ’
print r ”%t \bm{\gamma { t}}+x\bm{\gamma {x}} =” ,Xpp . c o l l e c t ( )
return

Code Output:

R = cosh
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)
+ sinh
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)
γt ∧ γx

tγt + xγx = t′γ′
t + x′γ′

x = R (t′γt + x′γx)R
†
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sinh (α) = γβ

cosh (α) = γ
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