def basic_multivector_operations_3D ():
Print_Function ()
g3d = Ga(’exx|y|z’)
(ex,ey,ez) = g3d.mv()
A = g3d . mv(’A’, 'mv’)

print A.Fmt(1,’A”)
print A.Fmt(2,’A”)
print A.Fmt(3,’A’)
print A.even ().Fmt(1, %A _{+})
print A.odd ().Fmt(1, %A_{ } )

X = g3d.mv(’'X’, vector )
= g3d.mv(’Y’, vector’)

print ’g_{ij} = ’,g3d.g

print X.Fmt(1,’X")

print Y.Fmt(1,’Y"’)

print (XxY).Fmt(2, 'XxY’)

print (X'Y).Fmt(2,’X"Y"?)

print (X|Y).Fmt(2,’X|Y"’)

print cross(X,Y).Fmt(1,r ’X\times Y")

return

Code Output:
A=A+ A%, + A%, + A%e, + A%e, Ney + A% e, Ne, + A¥ey Ne, + A"V ey, Ney Ne,

A=A
+ A%e, + AVe, + A%e,
+A%e, Ney + A%e, Ne, + A¥%ey Ne,
+ A" e, NeyNe,

A=A
+ A”%e,
+ Ave,
+ A’e,
+A%e, Ney
+ A%e, N e,
+ A%e, Ne,
+ A% e, Ney Ne,
Ay =A+A"e, Ney + A%e, Ne, + A¥%ey Ne,
A_ =A%, + AVey + A%e, + A" e, Ney Ne,
(ex-€a) (ex-ey) (ex-ez)
gij = | (ez-ey) (ey-ey) (ey-ez)
(ex - €z) (ey ez) (ez-ez)
X=X+ X", + X",
Y =YY", +YY, +Y"e,

XY =((eq - €2) XTYT 4 (ez - €y) XYY + (g - ) XYY" + (eg - €2) XTY* + (€5 -€2) X7V + (ey - €y) XYYV + (ey - €.) XYY * + (ey - €.) XYY + (e, - €,) X7Y7)

+ (XYY - XYY %) ey, Ney + (XY - X°Y%) e, Ne, + (XVY? — X*YY)e, Ne,
XANY = (XYY - XYY" e, Ney, + (XY* — X*Y¥) e, Ne, + (XVY? — X*YY)e, Ne,

XY =(eg-€3) XY + (€3 -€y) XYY + (€5 - €y) XYY" + (ez - €2) XY + (€5 - €2) XY T + (ey - ) XYY + (e - €.) XYY * + (ey - €,) X?YY + (e, -e,) X7Y*

1
XxY =

\/(em “ex) (ey - ey) (ex - €2) = (ex - €q) (ey - e:)” — (ea ey)Z (z-ex) +2(eq-ey)(ex-e:)(ey-e€:) — (o e-)? (ey - ey)

((em cey) (ey - ex) XYY — (en-ey) (ey - €:) XYY + (eg - €y) (€2 - €2) XTY? — (5 - €y) (e, - €,) X°Y®



def basic_multivector_operations_2D ():
Print_Function ()
g2d = Ga(’exx|y’)
(ex,ey) = g2d.mv()
print ‘g {ij} =",g2d.¢g
X = g2d .mv(’'X’, ’vector )
A = g2d .mv(’A’, ’spinor )
print X.Fmt(1,’X")
print A.Fmt(1,’A”)
print (X|A).Fmt(2, 'X|A’)
print (X<A).Fmt(2, X<A’)
print (A>X).Fmt(2, A>X")
return

Code Output:
gij =

X = X%, + X'e,

A=A+ A"e, Ney,

X - A=—-A" ((eg-ey) X+ (ey-ey) XY) ez + A% ((e5 - €2) X¥ + (€5 - €y) XY) €y
X|A=—-A" ((ez - ey) X+ (ey - ey) X¥) €y + A™ ((ex - €2) X® + (e - €y) XY) €y
AlX =A% ((eg - ey) X¥ 4 (ey - ey) XY) e — A% ((ey - €5) X¥ + (e - €y) XY) €y

def basic_multivector_operations_2D_orthogonal ():
Print_Function ()
02d = Ga(’exx|y’,g=[1,1])
(ex,ey) = 02d.mv()
print ’g_{ii} =’,02d.g
X = 02d .mv(’X’, ’vector )
A = 02d .mv(’A’, ’spinor )
print X.Fmt(1,’X")
print A.Fmt(1,’A”)

print (XxA).Fmt(2, 'X«A’)
print (X|A).Fmt(2, ’X|A”)
print (X<A).Fmt(2, ’X<A”)
print (X>A).Fmt(2,’X>A7)
print (AxX).Fmt(2, AxX")
print (A|X).Fmt(2,’A|X")
print (A<X).Fmt(2,’A<X’)
print (A>X).Fmt (2, A>X")
return

Code Output:

o [to
iz o 1

X =X%,+ X",y

A=A+ A"e, Ney

XA =(AX" — A"XY) e, + (AXY + A" X") e,
X - A=-A"XYe, + A" X"e,
X|A=—-A"XYe, + A X"e,

X|A=AX%¢e, + AX"e,

AX = (AX" + A™XY) e, + (AXY — A" X") e,




A-X = A™XVe, — A" X"e,
A|X = AX"e, + AXVe,
A|X = A™XYe, — A" X e,

def check_generalized_ BAC_CAB _formulas ():
Print_Function ()
gdd = Ga(’a b ¢ d e’)
(a,b,c,d,e) = gd4d .mv()
print ‘g {ij} =",gdd.g
print ’\\bm{a|(bxc)} =’,a|(bxc)
print "\\bm{a|(bc)} =" a|(bc)
print ’\\bm{a|(b"c"d)} =",a|(b"c"d)
print "\\bm{a|(b"c)+c|(a"b)+b[(c a)} =",(a[(b c))+(c|(a"b))+(b[(c"a))
print ’\\bm{ax(b"c) bx(a"c)+cx(a"b)} =",ax(b"c) bx(a"c)+cx(a"b)
print ’\\bm{ax(b"c"d) bx(a"c"d)+cx(a"b"d) dx(a"b"c)} =’,ax(b"c"d) bx(a"c¢"d)+cx(a"b"d) d«(a"b"c)
print "\\bm{(a"b)|(c"d)} =",(a"b)|(cd)
print "\\bm{((a"b)|c)|d} =" ,((a"b)|c)|d
print '\\bm{(a"b)\\times (¢"d)} =’,com(a"b,c"d)
print '\\bm{(a"b"c)(d"e)} =",((a"b c)*(d"e)).Fmt(2)
return
Code Output:
(@-a) (a-8) (a-0) (a-d) (a-e)
(@) (b-b) (b-c) (b-d) (b-e)
gi=|(@c bo (o (cd (e
(@-d) (b-d) (c-d) (d-d) (d-e)
(ae) (be) (coe) (de) (ere)

a-(bc)y=—(a-c)b+(a-b)e

a-(bAe)=—(a-c)b+(a-b)c
a-(bAcAd)=(a-d)bAc—(a-c)bAd+ (a-b)cAd
a-(bAc)+c-(anb)+b-(cha)=
a(bAc)—blanc)+c(aAb)=3arbAc
a(bhend)—blancAnd)+c(anbAd)—d(aAnbAc)=4danbrecrd
(anb)-(eAd)=—(a-¢)(b-d)+(a-d)(b-c)
((anb)-c)-d=—(a-c)(b-d)+ (a-d)(b-c)

(anb) X (ecANd)y=—(b-d)arc+(b-c)and+(a-d)bhc—(a-c)bAd

(anbre)(dAne)=(—(b-d)(c-e)+(b-e)(c-d)a+((a-d)(c-e)—(a-€e)(c-d)b+(—(a-d)(b-e)+(a-e)(b-d))c
—(c-e)anbAd+ (c-d)anbre+ (b-eJanchd—(b-d)arche—(a-e)bAcAd+(a-d)bAcAhe
+aAbAcAdANe

def

rounding _numerical_components ():
Print_Function ()

03d = Ga(’e.x ey e_z’,g=[1,1,1])
(ex,ey,ez) = 03d.mv()

X = 1.2%ex+2.34%xey+0.555%ez

Y = 0.333xex+4*xey+5.3%ez

print 'X =" X

print ’'Nga(X,2) =’,Nga(X,2)
print 'XxY =’ XxY

print ’Nga(XxY,2) =’ ,Nga(X*Y,2)
return




Code Output:
X =1-2e,+2-34e, + 0 555e,
Nga(X,2)=1-2e,+2-3e,+0-55e,

XY =12-7011
+4-02078e, Ne, +6-175185e, ANe, +10-182e, A e,

Nga(XY,2)=13-0
+4-0e, Ne, +6-2e; Ne, +10-0e, N e,

def derivatives_in_rectangular_coordinates ():
Print_Function ()
X = (x,y,z) = symbols(’'x y z’)
03d = Ga(’e.x ey e_z’,g=[1,1,1],coords=X)
(ex,ey,ez) = 03d.mv()
grad = o03d. grad

f = 03d.mv(’f’, scalar’, f=True)
A = 03d .mv( ’A’, vector’ , f=True)
B = 03d.mv(’'B’, ’blvector ", f=True)
C = o03d. mv(’C’, v’)

print 'f =’ f

print A =" A

print 'B =" B

print 'C =’ .C

print ’gradxf =’ gradx*f

print ’grad |A =’ grad|A

print ’grad*A =’ grad*A

print ’ Ix(grad”A) =’, 03d.I()x(gradA)
print ’grad«B =’ grad*B

print ’'grad"B =’ ,grad "B

print ’grad|B =’ grad|B

return

Code Output:

Ir=r

A= A%, + AVey + A%e,

B =DB"e, Ne, + B"e; Ne, + B e, Ne,

c=C
+C%; +CYy + C%e,
+C"ey Ney +C"ex Ne, +CV ey Ne,
+C" e, NeyNe,

Vf = amfez + 8yfey + azfez

V.- A=0,A" 4+ 0,AY + 0. A7

VA =(0,A" +0,AY + 0, A7)

+ (—0,A" + 0, AY) e Ney + (-0, A" + 0, A%) ey Ne, +

(—0,AY +0,A%) ey Ne,

—I(VAA) = (—0.AY + 0,A%) e, + (0.-A" — 0,A%) e, + (—0,A" + 0,AY) e.

VB =(-0,B™ — 0.B") e, + (0, B"Y — 0.BY*) e, + (0, B"* + 8,B"") e.

+ (0.B™ — 0,B" + 0,BY") e, A e, M e,
V AB=(0.B" — 0,B" + 0,B") e, Ne, Me.

V-B=(-0,B*" —9,B%)e, + (0,B*Y —0,BY*) e, + (0,B** + 0,BY*) e,




def derivatives_in_spherical_coordinates ():
Print_Function ()
X = (r,th,phi) = symbols(’r theta phi’)
s3d = Ga(’e-r e_theta e_phi’ ,g=[1,r*%2 rxx2xsin (th)**2],coords=X,norm=True)
(er,eth,ephi) = s3d.mv()
grad = s3d. grad

f = 83d.mv(’f’, scalar’,f=True)

A = s3d .mv(’A’, vector’,f=True)

B = s3d.mv(’'B’, ’bivector’, f=True)

print 'f =’ f

print A =" A

print 'B =" B

print ’'gradxf =’ gradxf

print ’grad |A =’ grad|A

print ’ Ix(grad”A) =’ ,( s3d.E()x(grad”A)).simplify ()

print ’'grad"B =’ ,grad "B

Code Output:
f=1
A= A"e, + Aey + A%ey
B=DB",Ney+ B"%e, A ey + B%ey A e

Vf=0.fe + %agfeo + %)

V-A= % (7’6'7,AT +247 + taf? 5t D A? + jﬁ‘?;)

—I(VAA) = % (’531:11?9) + 9pA? — %) e, + % (r@TA¢ A? + S?i’é)) ey + ~ (ra A+ A —9pAT) e
VAB= % <rar39¢ %HB% 9 B"? + 8(1;(9))67,/\69/\%)

def noneuclidian_distance_calculation ():
Print_Function ()
from sympy import solve ,sqrt
Fmt (1)
g =0 4 0 57 # 1’

nel = Ga(’X Y e’ ,g=g)

(X,Y,e) = nel.mv()

print ’'g_{ij} =’,nel. g

print "%X\\W Y) {2} =", (X7Y)*(X"Y)
L=XYe

B = Lxe # DL 10.152

Bsq = (B«B).scalar ()

print #%L = X\\W Y\\W e \\text{ is a non euclidian line}’
print 'B = Lxe =’ ,B

BeBr =BxexB.rev ()

print '%BeB"{\\dagger} =’,BeBr

print '7B"{2} =’ ,B«B

print "%L"{2} =’ L«L # D&L 10.153

(s,c,Binv,M7S,C,alpha) = symbols(’s ¢ (1/B) M S C alpha’)
XdotY = nel.g[0,1]

Xdote = nel.g[0,2]

Ydote = nel.g[1,2]

Bhat — Binvs+B # D&L 10.154

R = c+sxBhat # Rotor R = exp (alphaxBhat/2)

print '#%s = \\f{\\sinh}{\\alpha/2} \\text{ and } ¢ = \\f{\\cosh}{\\alpha/2}’
print %e”{\\alpha B/{2\\abs{B}}} =" R




Z = R«X«R.rev () # DL 10.155

Z.obj = expand(Z.obj)

Z.obj = Z.obj.collect ([Binv,s,c,XdotY])

Z.Fmt (3, %RXR"{\\dagger}’)

W= Z|Y # Extract scalar part of multivector
# From this point forward all calculations are with sympy scalars
#print '#Objective is to determine value of C = cosh(alpha) such that W= 0’
W =W.scalar ()

print YW = Z\\cdot Y =" \W

W = expand (W)

W = simplify (W)

W =W. collect ([s*Binv])

M = 1/Bsq

W = W. subs (Binv %2 M)

W = simplify (W)

Bmag = sqrt (XdotY %2 2+ XdotY*XdotexYdote)

W =W. collect ([Binvxcks ,XdotY])

#Double angle substitutions

W =W.subs (2% XdotY 2 4xXdotY+*XdotexYdote,2/(Binv*%2))
W = W.subs (2%cx*s,S)

W =W.subs(cxx2,(C+1)/2)

W =W.subs(sxx2,(C1)/2)

W = simplify (W)

W = W.subs(1/Binv ,Bmag)

W = expand (W)

print '#%S = \\f{\\sinh}{\\alpha} \\text{ and } C = \\f{\\cosh}{\\alpha}’
print 'W="W

Wd = collect (W,[C,S],exact=True, evaluate=False)
Wd_1 = Wd[one]

Wd.C = Wd[C]

Wd.S = WA[S]

print '%\\text{Scalar Coefficient} =’,Wd.1
print '%\\text{Cosh Coefficient} =’ ,WdC

print '%\\text{Sinh Coefficient} =’,Wd.S

print '%\\abs{B} =’ ,Bmag

Wd.1 = Wd_1.subs (Bmag,1/Binv)

Wd.C = Wd.C. subs (Bmag,1/Binv)

Wd.S = Wd.S.subs (Bmag,1/Binv)

lhs = Wd_1+Wd_C«C

rhs = Wd.SxS

lhs = lhsx*x*2

rhs = rhs#*x2

W = expand(lhs rhs)

W = expand (W.subs (1/Binv**2 ,Bmag**2))

W = expand (W.subs (Sxx2,Cxx2 1))

W =W.collect ([C,Cx%2],evaluate=False)

a = simplify (W[Cxx2])

b = simplify (W[C])

¢ = simplify (W[one])

print '#%\\text{Require } aC"{2}+bC+c = 0’

print ’a =’ .a
print 'b =’ b
print 'c =’ ¢

x = Symbol(’'x")

C = solve (a*x*x2+bsx+c,x)[0]

print '%b " {2} 4ac =’ ,simplify (b**2 4xax*c)

print '%\\f{\\cosh}{\\alpha} = C = b/(2a) =’ ,expand(simplify (expand(C)))
return




Code Output:

0 (X-Y) (X-e)

gij = | (X-Y) 0 (Y -e)
(X-e) (Y-e) 1

(XAY)?=(X-Y)?
L =X AY Aeisanon-euclidian line
B=Le=XAY - (Y-e) X Ne+ (X -e)Y Ne
BeB' = (X-Y)(—(X-Y)+2(X-e)(Y-e)e
B2= (X Y)((X-Y)=2(X-¢) (Y -¢))
L= (X -Y)((X-Y)-2(X e) (Y -e))
s = sinh (/2) and ¢ = cosh (a/2)
e*B/2Bl = ¢ 4 (1/B)sX ANY —(1/B) (Y -€)sX Ae+ (1/B) (X -e)sY Ne
W=2Y=(1/B?(X-Y)s>—4(1/B?*(X-Y)’(X-¢)(Y-€)s>+4(1/B)*(X-Y)(X-e)* (Y -€)’s>+2(1/B) (X -Y)’es —4(1/B) (X - Y) (X -e) (Y -€)es + (X - Y) ¢
S = sinh () and C = cosh («)

W= (1/B) (X - Y)C\/(X - Y)> = 2(X - Y) (X -€) (Y - €)—(1/B) (X - ) (Y - &) O\ (X - ¥)? = 2(X - Y) (X - €) (Y - e)+(1/B) (X -€) (Y - €) {/(X - ¥)? = 2(X - V) (X -€) (Y - )45 (X - Y)’ —2(X - ¥) (X - €) (Y -¢)

Scalar Coefficient = (1/B) (X -¢e) (Y - ¢) \/(X Y —2(X-Y)(X-e) (Y -e)

Cosh Coefficient = (1/B) (X - Y) \/(X~Y)272(X~Y) (X-e)(Y-e)—(1/B)(X -e)(Y -e) \/(X~Y)272(XoY) (X-e)(Y-e)

Sinh Coefficient = \/(X Y —2(X-Y) (X -e) (Y -e)

Bl = (X ¥ —2(X-V) (X ) (Y -e)

Require aC? +bC +c¢=0

a=(X-e? (Y -e)?

b=2(X-e)(Y e)((X-Y)=(X-e)(Y-e))
c=(X-Y)P=2(X-Y)(X-e)(Y-e)+(X-e)’(Y-e)
b? — 4ac =0

(X-Y)

cosh (o) = C = —b/(2a) = (X o) (Y-e)

+1

def conformal_representations_of_circles_lines_spheres_and_planes ():

Print _Function ()

global n,nbar

Fmt (1)

g='10000,01 000,00100,00002,000220’

c3d = Ga(’e-1 e-2 e.3 n \\bar{n}’ , g=g)

(el,e2,e3 ,n,nbar) = c¢3d.mv()

print ’g {ij} =’,c3d.g

e = n+nbar

#conformal representation of points
make_ Vector(el ga=c3d) # point
make_vector gachd) # point
make_vector , ga=c3d) # point
make_vector (e3 ga:c?)d) # point
X = make_ Vector ,3, ga=c3d)
print 'F(a)
print 'F(b)
print ’F(c)
print 'F(d)

(1,0,0) A = F(a)
(0,1,0) B = F(b)
(1,0,0) C=F(c)
(0,0,1) D= F(d)

Qx>
Lo oo

)

(2
(e
(
(x
LA
B
,C
D




print 'F(x) =’ X

print '#a = el, b =e2, ¢ = el, and d = e3’
print '#A = F(a) = 1/2x(axa*n+2*a nbar), etc.’
print ’'#Circle through a, b, and c¢’

print ’Circle: A'B°C"'X = 0 =’ ,(A"B"C"X)

print ’'#Line through a and b’

print 'Line : A"B'n"X =0 =’ ,(A"B"'n"X)

print ’'#Sphere through a, b, ¢, and d’

print ’Sphere: A'B°C'D'X = 0 =’ ,(((A’B)"C)"D)"X
print ’#Plane through a, b, and d’

print ’'Plane : A'B'n"D'X = 0 =’ ,(A"B"n"D"X)

L= (A"B"e)"X

L.Fmt(3, ’Hyperbolic\\;\\; Circle: (A"B"e)"X =0")
return

Code Output:

100 00
01 0 00
9ij = 001 00
00 0 0 2
00 0 2 0
1 1
F(a)*61+§n7§ﬁ
1 1
1 _
F(c)——el—i—gn—fn
1 1
F(d):eg+§n—§ﬁ

1 1 1 1
F(x) = 1€ + x2e3 + x3€3 + (2(961)2 + §(m2)2 + 2(203)2) n— §ﬁ

a=-¢el,b=e2,c=-el,and d = e3 A = F(a) = 1/2*(a*a*n+2*a-nbar), etc. Circle through a, b, and c
) _ 1 2 1 2 1 2 1 _
Circle: ANBANCANX =0=—x3e1 ANea NesAn+x3e; Nea ANes A7+ i(xl) +§(:1:2) +§(:z:3) ~3 etNes AnAn

Line through a and b

1

Line:A/\B/\n/\XZOZ—$361/\62/\€3/\n—|—<x21—I—x;—2)61/\62/\ﬂ/\ﬁ+?61/\63/\ﬂ/\ﬁ—?egAeg/\n/\’Fl

Sphere through a, b, ¢, and d
1 5 1 5 1 5 1 _

Sphere : ANBANCADANX =0= _i(l‘l) —5(332) —§($3) —|—§ eiNesNesAnA#n

Plane through a, b, and d
1
Plane:A/\BAn/\D/\X:O:(—1‘21—9322—:823—&—2)61/\62/\63/\71/\7_1

def properties_of_geometric_objects ():
Print_Function ()
global n, nbar

Fmt (1)

g="###00,+\
H#H#EH#0 0,0+ \
FHAHEHO0 0,0+
0000 2,4+ \




000 207
c3d = Ga(’pl p2 p3 n \\bar{n}’ 6 e=g)
(pl,p2,p3,n,nbar) = ¢3d.mv()
print ’g {ij} =’,c3d.g

Pl = F(pl)

P2 = F(p2)

P3 = F(p3)

print '\\text{Extracting direction of line from }L = P1\\W P2\\W n’
L =P1°P2°n

delta = (L|n)|nbar

print '(L|n)|\\bar{n} =", delta

print ’'\\text{Extracting plane of circle from }C = P1\\W P2\\W P3”’
C = P1"P2°P3

delta = ((C"n)|n)|nbar

print ’((C'n)|n)|\\bar{n}=",delta

print ’(p2 pl) (p3 pl)=",(p2 pl) (p3 pl)

return

Code Output:

(p1-p1) (P1-p2) (P1-p3) O O
(p1-p2) (P2-p2) (P2-p3) O O

9ij = (p1-p3) (p2-p3) (p3-p3) 0 O
0 0 0 0 2

0 0 0 2 0

Extracting direction of line from L = P1AP2An
(L-n)-n=2p; —2py

Extracting plane of circle from C'= P1 A P2 A P3
((C'An)-n)-n=2p1 Ap2 —2p1 Aps +2p2 \p3
(p2 —pl) A (p3 —pl) =p1 Ap2 —P1 AP3 +P2APs3

def extracting_vectors_from_conformal_2_blade ():

Print_Function ()
Fmt (1)
print r’'B = P1\W P2’
g="0 1 #'+\

10 #,0+\

H# A H
c2b = Ga(’'P1 P2 a’, g=g)
(P1,P2,a) = c¢2b.mv()
print ‘g {ij} =’,c2b.g
B = P1°P2
Bsq = BxB
print '%B {2} =’ ,Bsq
ap = a (a"B)xB
print 7a’ = a (a"B)xB =" jap
Ap = aptapx*B
Am = ap apxB
print "A+ = a’+a’«xB =" JAp
print "TA = a’ a’«xB =" Am
print '%(A+) {2} =’ ,Ap*xAp
print '%(A) {2} =’,Am*Am
aB = a|B
print ’a|B =’ ,aB
return

Code Output:

B=P1ANP2




0 -1 (P1 . (1)
gij=| —1 0 (P-a)
(Py-a) (Py-a) (a-a)

B*=1
ad=a—-(aANB)B=—(Py-a)P;, — (P, -a) P,
A+=d +dB=-2(Py-a) P,

A—=d —d'B=-2(P,-a) P

(A+)*=0

(4-)* =0

a-B=—(Py-a)P,+ (P -a) P

def reciprocal_frame_test ():
Print_Function ()

Fmt (1)

g ="1#4#"+\
#L A+
7##17

ng3dd = Ga(’el e2 e3’,g=g)
(el,e2,e3) = ng3d.mv()
print ’g {ij} =’,ng3d.g

E = el e2%e3

Esq = (E«E).scalar ()

print 'E =" E

print 'YE {2} =’,Esq
Esq_inv = 1/Esq

El = (e2"e3)*E

E2 = (1)x(el”e3)xE

E3 = (el"e2)xE

print 'E1 = (e2"e3)«E =’ |El
print 'E2 = (el"e3)xE =’ | E2
print 'E3 = (el"e2)xE =’ E3
w = (El|e2)

w = w.expand ()

print 'El|e2 =’ ,w

w = (El|e3)

w = w.expand ()

print 'El|e3 =’,w

w = (E2|el)

w = w.expand ()

print ’E2|el =" w

w = (E2|e3)

w = w.expand ()

print 'E2|e3 =’ ,w

w = (E3|el)

w = w.expand ()

print ’E3|el =" w

w = (E3|e2)

w = w.expand ()

print 'E3|e2 =" w

w = (El|el)

w = (w.expand ()).scalar ()
Esq = expand (Esq)

print '%(E1\\cdot el)/E"{2} =’,simplify (w/Esq)
w = (E2|e2)

w = (w.expand()).scalar ()
print '%(E2\\cdot e2)/E"{2} =’,simplify (w/Esq)
w = (E3|e3)




w = (w.expand()).scalar ()
print '%(E3\\cdot e3)/E"{2} =’,simplify (w/Esq)
return

Code Output:

1 (61 . 62) (61 . 63)
gij = | (e1-e2) 1 (e2 - €3)
(61 . 63) (6’2 . 63) 1

E=eiNeyANeg
E2 = (61 . 62)2 -2 (61 . 62) (61 . 63) (62 . 63) + (61 . 63)2 + (62 . 63)2 —1
El=(e2Ne3)E = ((62 ce3)? — 1) e1+ ((e1-e2) —(e1-e3)(ea-e3))ea+ (—(e1-e2)(e2-e3)+ (e1-e3))es

E2=—(elAe3)E = ((e1- e2) — (€1 - €3) (e2 - €3)) €1 + ((e1 ce5)? — 1) es+ (—(e1-€2) (e1-e3) + (€2 e3)) e

E3=(elNe2)E=(—(e1-e2)(ea-e3)+ (e1-e3))er+ (—(e1-e2)(e1-e3)+ (ea-e3)) ea + ((61 ce)? — 1) e;

El-e2=0
El-e3=0
E2-el1=0
E2-e3=0
E3-el1=0
E3-e2=0

def signature_test ():
Print_Function ()
e3d = Ga(’el e2 e3’,g=[1,1,1])

print 'g =’, e3d.g

print r’%Signature = (3,0)\: I =", e3d.I(),’\: I°{2} =", e3d.I()*e3d.I()
e3d = Ga(’el e2 e3’,g=[2,2,2])

print 'g =, e3d.g

print r’'%Signature = (3,0)\: I =7, e3d.I1(),’|; I°{2} =", e3d.I()*xe3d.I()
spdd = Ga(’el e2 e3 ed’,g=[1,1,1, 1])

print 'g =’, spd4d.g

print r’'%Signature = (1,3)\: I =", spdd.I(),’\: I°{2} =", spdd.I()*spdd.I()
spdd = Ga(’el e2 e3 ed’,g=[2,2, 2, 2])

print 'g =’ spdd.g

print r’'%Signature = (1,3)\: I =, spdd.I(),’\: I°{2} =", spdd.I()*spdd.I()
edd = Ga(’el e2 e3 ed’,g=[1,1,1,1])

print 'g =’ edd.g

print r’'%Signature = (4,0)\: I =7, ed4d.I(),’\: I°{2} =", edd.I()xedd.I()
cf3d = Ga(’el e2 e3 e4 e5’,g=[1,1,1,1,1])

print 'g =’ cf3d.g

print r’'%Signature = (4,1)\: I =", ¢f3d.I(),’\: I°{2} =", cf3d.I()*cf3d.I()
cf3d = Ga(’el e2 e3 ed e5’,g=(2,2,2,2, 2])

print 'g =’, c¢f3d.g

print r’'%Signature = (4,1)\: I =7, c¢f3d.I(), \: I°{2} =", cf3d.I()*cf3d.I()

return




Code Output:

1 0
g=10 1
00

_ o O

Signature = (3,0) I = e; Nea Aes I =—
2 0 0

g=10 2 0
0 0 2

2
Signature = (3,0) I = %el Neg Aes|; I? = —1

1 0 0 0
o -1 0 o0
9=10 0o -1 0
0 0 0 -1

Signature = (1,3) [ =e; ANea Aes Aey I?=—

Signature = (1,3) I = 1/\62/\63/\€4I = -
[1 0 0 O
o100
910 0 1 0
|00 0 1
Signature_(él,O)I:el Nex NezNegI? =1
1 0 0 0 O
01 0 0 O
g=]10 0 1 0 0
00 01 0
|00 0 0 —1 |
Signature*(4,1)1:61/\62/\63/\64/\6512:71
[2 0 0 0 0 ]
0 2 0 0 O
g=]10 0 2 0 0
00 0 2 0
|00 0 0 -2 |

2
Signature = (4,1) I = %el NesANesAegNes 2 =—

def Fmt_test ():
Print _Function ()
e3d = Ga(’el e2 e3’,g=[1,1,1])
v = e3d.mv(’v’,’ vector’)
B = e3d.mv(’'B’, ’bivector’)
M= e3d . mv(’M’, ’'mv’)

Fmt (2)
print ’#Global $Fmt = 2§’
print 'v =’ v

print 'B =’ B

print M ="M

print '#Using $.Fmt()$ Function’
print ’'v.Fmt(3) =’,v.Fmt(3)




print 'B.Fmt(3) =’ ,B.Fmt(3)
print M.Fmt(2) =’ M.Fmt(2)
print M.Fmt(1) =’ M.Fmt(1)
print ’#Global $Fmt = 1%’
Fmt (1)

print 'v =’ v

print 'B =" B

print M =’ M

return

Code Output: Global Fmt = 2
V= vlel + 1}262 + ’0363

B = 31261 N es + 31361 N es+ 32362 N es

M =M
+ Mle, +M262+M363
+ M"%2e; Aes + MBey Aes + MPey A es
+ M'3e; Ney M es

Using .F'mt() Function
v- Fmt(3) =v'e;
+ U262

+ ’U363

B - Fmt(3) =Be; Aey
+ 31361 A €3
+ 82362 N es

M - Fmt(2) =M
+ M'tey + M?ey + M3es
+ M2ey Neg+ MBey /\63+M2362/\€3
+ M'2e; Aey Aes

M- Fmit(1) = M+ M'e; + M?es + M3es + M*2eq Aes + M3ey Aes + M?3es Nes + M'?2eq Aes Aes
Global F'mt =1
V= vlel + 1)262 + 11363

B :B12€1 /\62—|—B1361 /\63—|—B2362/\63
M:M+M1€1+M2€2+M363+M1261 /\62+M1381/\63+M2382/\63+M12361/\€2/\83




