def basic_multivector_operations_3D ():
Print_Function ()

g3d = Ga(’exx|y|z’)
(ex,ey,ez) = g3d.mv()

A = g3d . mv(’A’, 'mv’)

print (A =" JA)
print (’A =" JA.Fmt(2))
print (’A =’ JA.Fmt(3))

print (’

+} =",A.even())
print (’ =3

A
A{} =",A.0dd())

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

print ("g-{ij} = ’,g3d.g)

print (’X =" ,X)
print ('Y =7.Y)

print (XY =" (X«Y).Fmt(2))

print (r ' X\WY =’ (X"Y).Fmt(2))

print (r’X\cdot Y =" (X|Y).Fmt(2))
print (r 'X\times Y =’ cross (X,Y).Fmt(3))
return

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

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

A
+ A%e,
+ Ave,
+ A%e,
+ A%e, Ney
+ A%%e, Ne,
+ A% ey Ne,
+ A" ez NeyNe,
A
+ A%ey Ney
- + A%%e, N e,
+ A%ey Ne,
A%e,
o+ AvVe,
+ A%e,
+ A" e, NeyNe,

Ay

A_




gij = | (ex-ey) (ey-ey) (ey-€2)

X%e,
X =+ X",
+ X%e,
YZe,
Y= +4+YY,
+Y%e,
((eg - €2) XTYT 4 (e - €y) XYY 4 (€5 - ) XYY" + (ey - €,) XY Z 4 (€5 - €,) XY ¥ + (e - €y) XYY + (ey - €,) XYVY* + (ey - €,) XYY + (e, - €,) XY 7)
+ (XYY - XYY ") e, Ney + (XY = XY ") e, Ne. + (XVY? — XY V) e, Ne,
XANY = (XYY - XYY %) e, Ney + (XY - XY ) e, Ne, + (XVY? — X?YY)e, Ne,
X Y =(ey ;) XV + (eg-€y) XYY + (e - €y) XYY" + (- €,) X5V + (e - €,) XY + (e - €y) XYY + (e - €,) XYY + (e - €,) XYY + (e, - €,) X°Y*
(ex-ey) (ey - e:) XTYY — (€5 - €y) (€y - €;) XYYT + (5 - €y) (€5 - €,) XTY? — (ey - €y) (€5 €,) XY — (eg-€;) (ey - y) XTYV + (eg-€2) (ey - €y) XVYT — (e -€,) (ey - €,) XTYZ + (e - €;) (ey - €:) XPY T + (e - €y) (€5 - €,) XVY? — (e, - €y) (e, - €,) XZYY — (e - e.)? XvY*® + (ey - e.)? X7yv
\/(ew rez) (ey - ey) (ez-e2) — (ex - €a) (ey - 62)2 — (ex 'ey)2 (ez-€2) +2(eq-ey) (e -€2) (ey-€2) — (€0 62)2 (ey - €y)
—(ex-ez)(ey-€:) XYY + (ep-ez) (ey - €) XYY — (eg-ep) (€5 -€:) XY P+ (ep - €5) (65 - €2) XY™ + (5 - €y) (€3 - €,) XYY — (e - €y) (€3 - €,) XYY" — (5 - €y) (€, - €,) XVY? + (e; - €y) (€5 - €,) X7YY + (e, - (zz)2 X*Y* — (e - 62)2 X?Y" 4 (eg-e;) (ey - €,) XVY? — (e, -e.) (ey - €;) X?YV
\/(ew “ez) (ey - ey) (ez-ex) — (ex - €z) (ey - GZ)2 T 'ey)2 (ez-ex) +2(es-ey)(ex-e:)(ey-€2) —(ex- €Z)2 (ey - €y)
(e €x) (ey-ey) XTYY — (e - €2) (e - €y) XYY T + (er - €2) (ey - €2) XTY 7 — (€4 - €2) (€y - €2) XY — (€4 -€,)> XTYY + (e -€,)> XYYT — (e - €y) (€ - €2) XTY7 4 (er - €y) (€2 - €2) XZYT + (€4 - €) (€ - €2) XYY 7 — (e - €y) (€ - €2) XYY — (e - €2) (ey - €) XYY + (e, - €.) (e, - €,) X?YV

\/(ew ceg)(ey-ey)(ex-e.) — (ex-ex)(ey- 62)2 — (e - ey)2 (ex-€:2) +2(exey)(ex-ex)(ey-ex) — (€n 62)2 (ey - ey)

XY =

€y

Xxy="+ ey

+ €:

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 =’ X)
print (A =’ A)

print (r’X\cdot A =’ (X|A).Fmt(2))
print (r 'X\1floor A =’ ,(X<A).Fmt(2))
print (r 'X\rfloor A =" ,(X>A).Fmt(2))
return

X -A=—-A" (e -ey) X"+ (ey - €y) XV) €g + A% ((ez - €2) X¥ + (ex - €y) XY) €y
X[A=—-A"% ((eg-ey) XT+ (ey - ey) X¥) ey + A™ ((e - €5) X® + (€4 - €y) XY) €y
X|A=AX%e, + AX"e,




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 = o2d.mv(’X’, ’vector’)
A = 02d .mv(’A’,’spinor’)

print (’X =" ,X)
print (A =" A)

print (XA =" (X%A). Fmt(2))

print (r ’X\cdot A= (X|A).Fmt( )
print (r 'X\1floor A =’ ,(X<A).Fmt(2))
print (r 'X\1floor A =’ ,(X>A).Fmt(2))

print (’AX =" | (A%X). Fmt(2))

print (r ’A\cdot X = (A|X).Fmt( )
print (r’A\1floor X =’ ,(A<X).Fmt(2))
print (r’A\lfloor X =’ ,(A>X).Fmt(2))

retur

Code Output:

|10

Gii = 0 1

X =X%e, + X",y
A

A:
+A%e, Ney

XA=(AX" — AXY) e, + (AXY + A™X") e,
X -A=—A"XYe, + AX"e,
X[A=—A"XVe, + AVX"e,

X|A=AX"e, + AXVe,

AX = (AX" + A™XY) e, + (AXY — AX") e,
A-X = A XVe, — A X7e,

AlX = AX"e, + AXVe,

A|X = A" XVe, — A" X7e,

def rounding numerical_components ():
Print_Function ()
03d = Ga(’e.x e.y e.z’,g=[1,1,1])
(ex,ey,ez) = 03d.mv()

X = 1.2%xex+2.34xey+0.555%ez
Y = 0.333%ex+4xey+5.3xez

print (’'X X)

print ( Nga(X 2) =" ,Nga(X,2))
print (XY =’ XxY)

print ( ’Nga(XY,2) =’ ,Nga(X«Y,2))
return




Code Output:
X =1.2e, +2.34e, + 0.555¢,

Nga(X,2) = 1.2e, + 2.3e, + 0.55e.
12,7011
© +4.02078e, A e, +6.175185e, A e, + 10.182e, A e,

13.0
Nga(XY,2) =
+4.0e; Ney, +6.2e; ANe, +10.0e, Ae,

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 = 03d.grad

f = 03d.mv(’f’, scalar’,f=True)

A = 03d.mv(’A’, vector’,f=True)

B = 03d.mv(’'B’, bivector ', {=True)
C = 03d.mv(’'C’, 'mv’)

print (’f =" ,f)

print (A =’ JA)

print (’'B =’ B)

print (’'C =’ ,C)

print (r’\nabla f =’ gradxf)
print (r ’\nabla\cdot A =’ ,grad|A)
print (r ’\nabla A =’ gradxA)

print(r’ I(\nabla\W A) =, 03d.I()x(grad"A))
print (r ’\nabla B =’ grad«B)

print (r’\nabla\W B =’ grad "B)

print (r ’\nabla\cdot B =’,grad |B)

return

Code Output:
f=1r
A= A%, + AVe, + A%e,
B =DB"e, Ne,+ B e, Ne, + B e, Ne,
C
_ +C%, +CVey + Ce.
+C"ez Ney+C"e; Ne, +CV ey Ne,
+C% ey Ney Ne,
Vf=0.fe,+0yfe, +0.fe.
V.-A=0,A" +0,AY + 0, A%
(0:A% + 0,AY + 0, A7)
+ (=0 A" + 0, AY) ey Ney + (-0, A% + 0, A%) ey Ne, + (—0,AY + 9,A%) ey, Ne,
—I(VANA)=(-0,AY +0,A4%) e; + (0,A” — 0, A%) ey + (—0,A" + 0, AY) e..
VB — (—0y,B* — 0,B"*) ey + (0, B*Y — 0,BY*) ey + (0, B** + 0,BY") e,
+ (0.B* — 0,B** + 0;BY*) e, Ne, Ne,
VAB=(0,B" —09,B" +0,BY) e, Ne, Ne,
V-B=(-0,B" — 0,B%*) e, + (0, B"™ — 0,BY*) e, + (0, B** + 0,BY*) e,

C

VA=




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 =" JA)
print (’'B =’ |B)

print (r’\nabla f =’ ,gradxf)

print (r’\nabla\cdot A =’ ,grad|A)

print(r’ Ix(\nabla\W A) =’ ,( s3d.E()*(grad”A)).simplify ())
print (r ’\nabla\W B =’ grad "B)

Code Output:
f=r
A= A"e, + A%y + A%,
B =B"%, Neg+ B"%e, A ey + B%ey A €4
Op f 9y f

= ar T I .
Vi fert r 0 + rsin (6) €4
r r A 6 B¢A®
V.oA— r@rA + 2A + tan (0) + aeA + sin (9)
T
A® Dy A 9y A"
Ty T OAY — Ghy 0 AP — A+ 0, A% + A® — g A"
—I>o<(V/\A):t ©) (e)er—i— (0)69+TT + d €y
T T T
0 B 0 r¢ | 9B
r0,B% — gy +2B% — 9B + s
VAB= e.NegNegy

r

def noneuclidian_distance_calculation ():
Print_Function ()
from sympy import solve ,sqrt
Fmt (1)

g ="0# ## 0 ## # 1’
nel = Ga(’X Y e’ ,g=g)
(X,Y,e) = nel.mv()

print(’g_{ij} =’,nel.g)
print (r’(X\WWY) {2} =" (XY)%(X"Y))

L=XYe

B = Lxe # DL 10.152

Bsq = (B«B).scalar ()

print (r’L = X\WY\W e \T{ is a non euclidian line}’)
print (’B = Le =’ B)

BeBr =BxexB.rev ()
print (r 'BeB"{\ dagger} =’,BeBr)
print (’B" {2} =’ BxB)




print ('L"{2} =’ ,LxL) # DL 10.153
(s,c,Binv,M,S,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 = BinvB # D&L 10.15/

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

print (r’s = \f{\sinh }{\alpha/2} \T{ and } ¢ = \f{\cosh}{\alpha/2}")
print (r’e"{\alpha B/{2\abs{B}}} =’ ,R)

Z = R«X«R.rev () # D6L 10.155

Z.obj = expand(Z.obj)

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

print (r '/RXR"{\dagger}’,Z.Fmt(3))

W= Z|Y # Eztract scalar part of multivector

# From this point forward all calculations are with sympy scalars
#print '#Objective is to determine wvalue of C = cosh(alpha) such that W= 0’
W =W.scalar ()

print (r ' W= 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 ([Binvxcxs ,XdotY])

#Double angle substitutions

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

W =W.subs(c*%x2,(C+1)/2)

W =W.subs(s*xx2,(C1)/2)

W = simplify (W)

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

W = expand (W)

print (r’S = \f{\sinh}{\alpha} \T{ 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 = Wd[S]

print (r ’\T{Scalar Coefficient} =’ ,Wd_1)
print (r ’\T{Cosh Coefficient} =’ ,Wd.C)
print (r '\T{Sinh Coefficient} =’,Wd.S)

print (r’\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_14+Wd_CxC

rhs = Wd_SxS
lhs = lhs*%x2
rhs = rhsxx*2

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[Cx=x2])

b = simplify (W[C])

c simplify (W[one])

print (r '\T{Require } aC"{2}+bC+c = 0")

print(’a =’ ,a)
print(’b =’ .,b)
print(’'c =’ ,c)

x = Symbol(’'x")

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

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

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

Code Output:

(XAY)?=(X-Y)?
L =X AY Aeis anon-euclidian line
B=Le=XAY —(Y-e)XAe+(X-e)Y Ae
BeBl = (X -Y)(—(X-Y)+2(X-¢)(Y -e))e
B?=(X-Y)((X-Y)=2(X-e)(Y-¢))
L*=(X-Y)(X-Y)=2(X-¢)(Y -¢))
s = sinh (a/2) and ¢ = cosh (a/2)
e*BI2IBl — ¢ 4 (1/B)sX ANY — (1/B) (Y -e)sX ANe+ (1/B) (X -e)sY Ne
((1/B)2 (X-Y)2s? —2(1/B)*(X-Y) (X -e)(Y-e)s>+2(1/B) (X -Y)cs — 2(1/B) (X -€) (Y - €) es + 02) X
RXE' 4 9(1/B) (X - ) esY
+2(1/B)(X-Y) (X -e)s(—(1/B) (X -Y)s+2(1/B)(X -e) (Y -e)s—c)e
W=2Y=1/B?(X-Y)s*=4(1/B)*(X-Y)* (X -¢) (Y -€)s* +4(1/B)* (X -Y) (X -¢)* (V- ¢)” s> + 2(1/B) (X - Y)? s —4(1/B) (X - V) (X - €) (Y - e) es + (X - Y) ¢?
S = sinh () and C' = cosh («)

W= (X-¥)C— (X-e) (Y e) Ot (X-e) (Y o)+ S/ (X -V —2(X-Y) (X -e) (Y -¢)
Scalar Coefficient = (X -e) (Y - e)
Cosh Coefficient = (X -Y) — (X -¢) (Y - ¢)

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

Bl = \/(X-Y) —2(X V) (X ) (Y -¢)

Require aC? +bC +¢ =0



= (X -e)* (Y -e)’
b=2(X-e)(Y ) (X -Y)—(X-€)(Y-¢))

— (XY —2(X-Y)(X-e)(Y-e)+(X-e)’ (Y -e)
b2 —dac=0

(X-Y)

cosh (a) = C = —b/(2a) = T (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}’ 6 g=g)
(el,e2,e3 ,n,nbar) = c3d.mv()

print(’g_{ij} =’,c3d.g)

e = n+nbar
#conformal representation of points

A = make_vector(el, ga=c3d) # point a = (1,0,0) A = F(a)
B = make_vector(e2, ga=c3d) # point b = (0,1,0) B = F(b)
C = make_vector ( el, ga=c3d) # point ¢ = (1,0,0) C =F(c)
D = make_vector (e 3, ga—c3d) # point d = (0,0,1) D = F(d)
X = make_vector(’x’,3, ga=c3d)

print ('F(a) =’ ,A)

print ('F(b) =’ ,B)

print ('F(c) =’,C)

print (’F(d) =’,D)

print ('F(x) =’ ,X)

print(r’a =el, b =¢€2, ¢ = el, \T{ and } d = e37)

print (r’A = F(a) = 1/2(a"2 n+2a nbar)\T{, etc.}’)

print (r '\T{Circle through $a$, $b$, and $c$}’)

print (r '\T{Circle: } AWBWCWX =0 =’ ,(A"B"C"X))

print (r "\T{Line through $a$ and $b$} ")

print (r’\T{Line : } AWBW n\WX = 0 =’ ,(A"B"n"X))

print (r '\T{Sphere through $a$, $b$, $c$, and $d$}’)

print (r ’\T{Sphere: } AWBW C\WDWX =0 =" ,(((A"B)"C)"D)"X)
print (r '\T{Plane through $a$, $b$, and $d$}’)

print (r ’\T{Plane : } AWBW n\WDW X = 0 =’ ,(A"B"n"D"X))

L = (A'Be)"X

print (r ’\T{Hyperbolic\;\; Circle: } (AAWBW ¢)\WX = 0’ ,L.Fmt(3))
return

Code Output:

1.0 0 00
01 000
00 0 0 2
00 0 20




2 2
1 _
F(c)——el+§n—§n
1 1_
F(d):eg+§n—§n

a=-¢el,b=e2,c=—el, and d = e3
A = F(a) = 1/2(a®n + 2a — nbar), etc.
Circle through a, b, and ¢

2 2 2
T T T 1
Circle: ANBACAX =0= —z3e; ANesAes An+z3e; Aes Aes A+ <( ;) + ( ;) +( 3) ) eiNes AnAR

2 2

Line through a and b

T T 1 x: T
Line : AAB/\n/\XzOz—:rgelAegAeg/\n+(21—1—22—2> 61/\62/\1’L/\77L+§€1/\63/\71/\?71,—?362/\63/\?1/\771,

Sphere through a, b, ¢, and d

(21)®  (22)® (w3)® 1 _
Sphere: ANBACADAX =0=|— +§ etNesNesAnAn

Plane through a, b, and d

1
Plane: AABANADAX =0= (—2—2—2+2)61/\62/\63/\n/\ﬁ

—x3e; Nes Nes\n

—x3e1 Nea Nes A n

2 2 2
1
Hyperbolic Circle: (AABAe)AX =0+ (—(x;)—l-xl—(x;)—i-xg— (x;) —2> etNeasAnAn

+x3e1 NesAnAn

—T3ea NesAnAn

def

properties_of_geometric_objects ():
Print_Function ()
global n, nbar
Fmt (1)
g = "###00,'+\
HAHEHO0 0,0+
HAHEHO0 0,0+
0000 2,4+ \
000 20°
c3d = Ga(’pl p2 p3 n \\bar{n}’ g=g)
(pl,p2,p3,n,nbar) = ¢3d.mv()
print ("g-{ij} =",c3d.g)
P1 = F(pl)
P2 = F(p2)
P3 = F(p3)
tprint (’Extracting direction of line from $L = P1\W P2\W n$’)
L =P1°P2°n

delta = (L|n)|nbar




print (r’(L\cdot n)\cdot \bar{n} =’,delta)
tprint (’Extracting plane of circle from $C = P1\W P2\W P3$ ")

C = P1°P2°P3

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

print (r’ ((C\W n)\ cdot n)\cdot \bar{n}=",6delta)
print (r’(p2 pl)\W (p3 pl)=",(p2 pl) (p3 pl))
return

Code Output:

(p1-p1) (P1-p2) (P1-p3s) O O
(p1-p2) (P2-p2) (P2-p3) 0 O

gij = | (pr-p3) (p2-p3) (p3-p3) 0 O
0 0 0 0 2

0 0 0 2 0

Extracting direction of line from L = P1 A P2An
(L-n)-n=2p; —2p;

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

def extracting_vectors_from_conformal_2_blade ():
Print_Function ()
Fmt (1)
print (r’'B = P1\W P2”)

g="0 1 #,4+ \
10 #,04+\
HH A

c2b = Ga(’'P1l P2 a’, g=g)
(P1,P2,a) = ¢2b.mv()

print(’'g_{ij} =",c2b.g)

B = P1°P2

Bsq = BB

print ( 'B" {2} =’ ,Bsq)

ap = a (a"B)*B

print(r”’a’ = a (a\W )B =" Jap)

Ap = ap+ap=B
Am = ap apxB

print ("A+ = a’+a’B =" ,Ap)
print (A = a’ a’B =" Am)

print (' (A+) {2} =’ ,Ap*Ap)
print (' (A) {2} =’ ,Am*Am)

aB = a|B
print (r’a\cdot 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—(aN)B=—(Py-a)P;, — (P, -a) Py
A+=d +d'B=-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

ngdd = Ga(’el e2 e3’,g=g)
(el,e2,e3) = ngdd.mv()

print(’g_{ij} =’ ,ng3d.g)

E = el e27e3

Esq = (E«E).scalar ()
print (’E =" |E)
print ('E"{2} =’ ,Esq)
Esq_inv = 1/Esq

El = (e2"e3)*E
E2 = (1)*x(el”e3)xE
E3 = (el"e2)xE

print (r’E1l = (e2\W e3)E =’ |E1)
print (r’E2 = (el\W e3)E =’ |E2)
print (r’E3 = (el\W e2)E =’ |E3)

w = (El|e2)
w = w.expand ()
print (r 'El\cdot e2 =’ w)

w = (E1|e3)
w = w.expand ()
print (r 'El\cdot e3 =’ ,w)

w = (E2|el)
w = w.expand ()
print (r 'E2\cdot el =" w)

w = (E2|e3)
w = w.expand ()
print (r 'E2\cdot e3 =’ ,w)

w = (E3|el)
w = w.expand ()
print (r 'E3\cdot el =’ ,w)




w = (E3|e2)
w = w.expand ()
print (r 'E3\cdot e2 =’ ,w)

w = (El|el)

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

Esq = expand (Esq)

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

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

print (r’(E2\cdot e2)/E"{2} =’ ,simplify (w/Esq))

w = (E3|e3)

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

print (r’(E3\cdot e3)/E"{2} =’,simplify (w/Esq))
return

Code Output:

E=e NeyNes
E? = (61 . 62)2 —2(61 . 62) (61 . 63) (62 . 63) + (61 . 63)2 =+ (62 . 63)2 -1

El= (62 AN 63)E = ((62 . 63)2 — 1) e + ((61 . 62) — (61 . 63) (62 . 63)) e + (* (61 . 62) (62 . 63) + (61 . 63)) €3
E2= (el Ae3)E = ((e1-ea) — (e1-e3) (e2 - €3)) €1 + ((e1 ces)? — 1) es+ (= (e1-e2) (e1-e3) + (€2 e3)) e

E3= (el Ne2)E = (— (1 e2) (e2-€3) + (e1 - e3)) €1 + (— (1 - e2) (e1 - e3) + (e2 - e3)) ez + ((e1 ce)? — 1) es

El-e2=0
El-e3=0
E2.el=0
E2-e3=0
E3-el=0
E3-e2=
(F1-el)/E* =1
(F2-e2)/E? =1
(E3-e3)/E* =1

def signature_test ():
Print_Function ()

e3d = Ga(’el e2 e3’,g=[1,1,1])

print(’g =", e3d.g)

print (r ’\T{Signature = (3,0)\:} T =", e3d.I(),’\: I°{2} =", e3d.I()*xe3d.I())
e3d = Ga(’el e2 e3’,g=[2,2,2])

print(’g =’, e3d.g)

print ('r\T{Signature = (3,0)\:} I =", e3d.I(),"’\; I°{2} =’, e3d.I()*xe3d.I())

spdd = Ga(’el e2 e3 ed’,g=[1,1,1, 1])
print(’g =’, sp4d.g)
print (r ’\T{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 =’, sp4d.g)
print (r ’\T{Signature =

edd = Ga(’el e2 e3 e4’,g=[1,1,1,1])
print(’g =7, edd.g)

print (r ’\T{Signature = (4,0)\:} I =", e4d.I(), " \:
cf3d = Ga(’el e2 e3 ed e5’,g=[1,1,1,1,1])
print(’g =’, cf3d.g)

print (r ’\T{Signature = (4,1)\:} T =, cf3d.I(), " \:

cf3d = Ga(’el e2 e3 e4d e5’,8=[2,2,2,2, 2])
print(’g =’, cf3d.g)
print (r ’\T{Signature =

return

(1,3)\:} T =", spdd.I(),’ \:

(4,1)\:} T =", cf3d.1(), \:

1°{2} =, spdd.I()*spdd.I1())
1°{2} =", edd.I()xedd.1())

I°{2} =", cf3d.1()xcf3d.1())
1°{2} =", cf3d.1()*cf3d.1())

Code Output:

1 0 0]
g=10 10
0 0 1|
Signature = (3,0) I =e; Aex Aez I[? = —1
(2 0 0]
g=1]0 2 0
0 0 2|
2
rSignature:(?),O)I:%el NesAeg I2=—1
1 0 0 0
o -1 0 o
9710 0o -1 o0
(0 0 0 -1 |
Signature = (1,3) I =e; Aes Aes Aeg I? = —1
(2 0 0 0 ]
o =2 0 o
910 0o -2 o0
000 0 -2 |
. 1 2
Signature = (1,3) I = Zel ANesNesNeg I =—1
1 0 0 0
lo 100
9710 0 1 0
(000 1
Signature = (4,0) I =e; Aes Aes Aeg I =1
1 0 0 0 O
01 0 0 O
g=100 10 0
00 0 1 O
00 0 0 -1
Signature = (4,1) I = e; Aea Aes Aeyg Aes I?=-1




)

I
coocow
coowno
cownvo o
onvo oo

cooco

-2

2
Signature = (4,1) I = %el ANes Aes AeyAes I?

=-1

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)

tprint (’Global $Fmt = 2$7)

|
P~
N—

print(’'v =
print (’'B =’ |B)
print (M =" M)

tprint (’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 =

print (’'B =’ ,B)
print (M =" M)

|
“
N—

return

Code Output:

Global Fmt = 2

v = vlel + 11262 + 1)363
B = B'2e; Aes + B%e; Aes + B*ey A e
M
+ Mle, + M?%es + M3eq
- + M2ey Ney + Mey Nes+ M?*e, A es
+ M'Ze; ANey Aes

Using .F'mt() Function

vlel

v.Fmt(3) = +viey

+ ’()363




B'2e; A ey
B.Fmt(3) = + B%e; A e3
+ B®ey A ey
M
+ Mle, +M262 +M3e3
+ M"2e; Aes+ MBey Aes + MPey Aes
+ M'3e; Aeg A es

M.Fmt(2) =

M.Fmt(1) = M+ M'e; + M?es + M3es + M 2e; Aes + MB3ey Aes + M?Pes Aes + M'?3eq Aes Aes
GlobalFmt = 1

v = vlel + 1}262 + ’0363

B = B'2e; ANes + B3e; Aes + B*ey A ey

M=M+ M'e, + M?es + M3es + M?e; ANes + MBey ANes + M*Pes Aes + M'P3e; Aey Aes



