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Calculations in 3D Euclidean GA

12.11.2014 | Technische Universitat Darmstadt | Dietmar Hildenbrand | 8



TECHNISCHE
UNIVERSITAT

12.11.2014 | Technische Universitat Darmstadt | Dietmar Hildenbrand | 8



TECHNISCHE
UNIVERSITAT

The main products of geometric algebra 000 RS

= Quter Product

S A

vector bivector trivector

= |[nner Product

= Geometric Product
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The geometric product of 2 basis vectors
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geometric algebra G

with n=p+gq

%
define
1 for i=je{l,.., p}
ee, =1—1 for i=je{p+1,..., n}
e; =e ne;=—e; ne, for iF ]
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Properties of the outer product 2\ UNIVERSITAT
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Property Meaning
1.|Anticommutativity|u A v = —(v A u)
2.|Distributivity uN(v+w)=uAv+uAw
3.| Associativity uN(vAw)=(uAv) Aw

What is a A a then 7 ANG =~ <a A q)

=> & A a =70
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Properties of the outer product ) UNvERSITAT

> DARMSTADT

Property Meaning
l.|Anticommutativity|u A v = —(v A u)
2.|Distributivity uN(v+w)=uAv+uAAw
3.| Associativity uN(vAw)=(uAv) Aw

What 1s a A a then 7

= Note: the outer product can be used as a measure of parallelness
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DefVarsE3() ;

:Blue;

a = el + e2;
el - e2;
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Computation example 1 (page 19)
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C= DL/(\Iﬂ =('€A+‘€‘Z)/\ (ézf'_P?) /pcrs7lycréy'7[('yt')(>/

e et
O

= *—@A/lez) '{"‘kz /l(,f)
oty -

= <€2 A€ ) +(£2 1 F/’) /coowwfa{_'yﬂ),
:Z(<14(4) - 7 e,.

=-Ze,

e2

— b=el —e2
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DefVarsE3();

:Blue;
el + e2;
el - e2;
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trivectorE3.clu (page 19) y UNIVERSITAT

d=a’b’c -:[e,hL Ff)A (FA—@)A o

= 2(—?2/('(/1)/( ’((5 = 2 {Z AL, A €q>
(./Y\_/

—_ — L N
"&26,1/\{2/1(,5 ™ Z

=-2%€,s =-27T
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The inner product of two vectors 3 vERsITAT
* [nner product = Scalar product -
is true only for vectors! e | ab=llbicose

= For vector and bivector:
Let a,b,c € R, then the bivector b A ¢ € (Y(R™). The inner product of a with this
bivector gives,

(1.9)

a-(bre)=(a-b)e—(a-c)b.

= General rule in [Perwass/Hildenbrand] page 6
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lAll=+A- A
with

A=a, N...Na, Na,

crample

In CLUCalc: 7reverse = “c:

The reverse of ¢ 1s computed.
It results in

reverse = 2 el2

since the reverse Hf a blade hi]lll)l}' reverses 1ts or-

411'1‘.
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The inner product and perpendicularity L5} UNIVERSITAT

As in vector algebra, the result of taking the inner product of two basis vectors,

DefVarsiE3();
?InnerProduct = el.e2;

1S
InnerProduct = 0,

since the two vectors are perpendicular to each other.
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* [nner product not only defined for vectors!
= Example:

DefVarskE3() ;

:Red;
B = el © e2;
?norm = B.B;

:Green;
X = el+e3;

:Blue;

// xiB is a vector in the B-plane
// perpendicular to x

:x1B = x.B;

= Note: - the resulting vector is perpendicular to x InnerProductE3.clu
- - the inner product is grade decreasing
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< ta A

X'E:éf/z‘f&b)-({/f/(@z)
=gl -bo g )
-7 ®

:-69_
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U= AVt .V

VT EYU Z Upy Tty
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The Geometric Product (Page 21) 3 U iy

(¢.re.) = [eaner) ane)
= (-6,,?1 )('04(1)

= Cie,2,¢,

~€a C

=- A
a

A\ ¢, 1¢, Kawa mc ole Comapinat
oAt Ll rlet Wacde,
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