Program:

import sys

from sympy import symbols,exp,I,Matrix, solve ,simplify

from printer import Format,xpdf, Get_Program , Print_Function
from ga import Ga

from metric import linear_expand

Format ()
X = (t,x,y,z) = symbols(’'t x y z’,real=True)
(std4d ,g0,g1,82,g3) = Ga.build (’gammaxt |x|y |z’ ,g=[1,—1,—1,—1],coords=X)

i stdd . i

) )

= stdd .mv(’B’,’ ’vector’)
= stdd .mv(’E’, ’vector’)
.set_coef(1,0,0)
.set_coef(1,0,0)

x= g0

= g0

F = E+ixB

) )

o O -

) )

esliosBeslivelles vy,

kx, ky, kz, w = symbols(’k_x k_y k_z omega’, real=True)
kv = kxxgl4+kyxg2+kzxg3

xv = x*xgl+y*xg24zxg3

KX = ((wkxg0+kv)|(t*g0+xv)).scalar ()

Ixyz = gl*xg2xg3
F = Fxexp (I+KX)

print r’\text{Pseudo Scalar\;\;}I =",1i

print r’%I_{xyz} =", Ixyz

F.Fmt (3, \\text{Electromagnetic Field Bi—Vector\\;\\;} F’)
gradF = st4d.grad*F

print ’'#Geom Derivative of Electomagnetic Field Bi—Vector’
gradF .Fmt (3, 'grad*F = 0)

gradF = gradF / (I x exp(IxKX))
gradF .Fmt(3,r '%\lp\bm{\nabla}F\rp /\lp i e"{iK\cdot X}\rp = 07)

g="14#00#100,0010,000 -1
X = (xE,xB,xk,t) = symbols(’'x.E x. B x.k t’,real=True)
(EBkst ,eE,eB,ek,et) = Ga.build(’e.E e.B e_k t’,g=g,coords=X)



i = EBkst.i
E,B,k,w = symbols(’E B k omega’,real=True)

F = ExeExet+ixBxeBxet

kv = kxek+wxet

xv = xExeE+xBxeB+xkxek+txet
KX = (kv|xv).scalar ()

F = Fxexp (IxKX)

print r’%\mbox{set } e_{E}\cdot e_{k} = e_{B}\cdot e_{k} = 0’4\
r’\mbox{ and } e_{E}\cdot e_{E} = e_{B}\cdot e_{B} = "+\
r’e_{k}\cdot e_{k} = —e_{t}\cdot e_{t} =1’

print 'g =’ , EBkst.g

print 'K|X =’ KX

print 'F =" F

(EBkst.grad*F).Fmt(3, grad«F = 0)

gradF_reduced = (EBkst.grad«F)/(Ixexp (I«KX))

gradF _reduced .Fmt (3,1 °%\1p \bm{\nabla}F\rp/\lp ie " {iK\cdot X} \rp = 0")

print r’%\mbox{Previous equation requires that: }e_{E}\cdot e_{B} = 0’+\
r’\mbox{ if }B\ne 0\mbox{ and }k\ne 0’

gradF _reduced = gradF _reduced.subs({EBkst.g[0,1]:0})
gradF _reduced .Fmt (3,1 %\1p \bm{\nabla}F\rp/\lp ie " {iK\cdot X} \rp = 0")

(coefs ,bases) = linear_expand (gradF _reduced.obj)

eql coefs [0]
eq2 = coefs[1]

Bl = solve(eql ,B)[0]
B2 = solve(eq2,B)[0]

print r’\mbox{eql: }B =’ Bl
print r’\mbox{eq2: }B =’ B2

eq3 = B1-B2
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print r’\mbox{eq3 = eql—eq2: }0 =’,eq3
eq3 = simplify (eq3 / E)



print r’\mbox{eq3 = (eql—eq2)/E: }0 =’ ,eq3

print '#Solutions for $k$ and $B$ in terms of $\omega$ and $E$:’

print 'k =’ Matrix(solve (eq3,k))
print 'B =’ Matrix ([Bl.subs(w,k) ,Bl.subs(—w,k)])
xpdf (paper="landscape’ ,prog=True)

Code Output:

Pseudo Scalar I =4t AYe A vy A7z

Imyz = Yz /\7y N Yz

Electromagnetic Field Bi-Vector F = — E%e{mwitkazthyythe2) g A o
. Eye*i(*w‘t*Fk?xiJrknyrkzZ)pyt A Yy

_ Eze—i(—wt+sz+kyy+kzz)7t /\’Yz
. Bzefi(fwwkxmkyy%zz)% Ay

+ Byei(wt—sz—kyy—k'zz),yw Az
. Bwefi(fwt+kww+kyy+kzz),yy /\"Yz

Geom Derivative of Electomagnetic Field Bi-Vector

VF = — i (Bky + EVky + E*k,) e~ (Cwithaathyythez) o,
i (BYk, — szy — E*w) ei(wtkaa:fkyyfkrzz)j/z

i (—B%k. + Bk, — EYw) e!@t- ke —kyy—kz)

i (Bky — BYky — B*w) el@t—hea—kyy—k:2)y_

i (—B*w — Bk, + EVky) @t hao—kyy=hez) o A Ay

i (BYw — E%k, + E*ky,) i@t hav—kyy—hez) oy Ay oy

[ (—B%w — EVk, + B*k,) e/@tkao—kyy—ke2)yy Ay Ay,

— i (B%ky + Bk, + B7k,) e 1 C@ithenthyythaz)y Ay Ay,
(VE) ) (ie%%) =0 = (~E%k, — EYk, — E*k.) v
(BYk, — B*ky — E*W) Ye

(=B%k, + B%ky — EYw) vy

(B*ky — Bk, — E*w)y

(—B*w — E%ky + EYky) ve A Ya A Yy
(BYw — E%ky + E% k) Ye N Ya A Y2
(—B*w — EYk, + E?ky) e A vy ANz
(—B%ky — BYky — B*k.) Yo A Yy A Y=



seteg-e,—=ep-egy=0and eg-eg=¢ep-eg=¢€r-€, = —¢€;-¢ =1

1 (eE ~6B) 0 0
o (eE . 63) 1 0 0
9= 0 0 1 0
0 0 0 -1
K- X = —wt+ kxp
F = —Be iWt=kzi) g o A g + Bel(wtHhzi) e p A ¢ 4 (ep - eB) Bel(=wtthar) e o A ey,

VF =0=i(Bk+ Ew) ¢l withan) e
—i(ep-ep) Bke {wt=kzr) g o
— i (Bw + Ek) e i@t ke ep A ep At

+i(eg-ep) Buwe!"@tthtr) e o A e At

(VF)/ (i’ %) = 0= (Bk + Ew) eg
— (eg -ep) Bkep
+ (—Bw—Ek)eg Nep At
+ (ep-ep) Bwuep Aeg At

Previous equation requires that: eg-eg =0if B # 0 and k # 0

(VE) /(e X) =0 =(Bk + Ew) eg
+(—BUJ—Ek’)6E/\€k/\t

Ew

1:. B=——

eq A

Ek

eq2: B=——
E Ek
eq3 = eql-eq2: 0 = e + —
k w

k

w

eq3 = (eql-eq2)/E: 0 = —% +

Solutions for k and B in terms of w and E:

=[]

o[



