Computergestuetzte Mathematik (Lineare Algebra mit Maple)

Lektion 7 (28. Nov.)

VYVektoren und Matrizen

_> X =<1, 2, 3>
1
X:i=| 2 (1.1)
3
(> y .= <4]5]6>;
y::[4 5 6] (1.2)
(> A:=<<1] 2] 3>
<4 ] 5| 6 >,
<7 1] 8] 9 >
1 2
A=14 5 (1.3)
7 8
(> about (A):
Matrix(3, 3, [[21,2,3],[4,5,6],[7,8,9]]):
property aliased to Matrix(3, 3, [[1,2,3],[4,5,6],[7,8,9]])
=> about (x);
Vector (3, [1,2,3]):
property aliased to Vector(3, [1,2,3])
> about (y);
Vector[row] (3, [4,5,6]):
property aliased to Vector[row] (3, [4,5,6])
=>AA::|\/atrix(3, 3, [[1, 2, 3], [4, 5 6], [7, 8 9]1]); #
alternati ve Ei ngabe
1 2 3
AA=14 5 6 (1.4)
7 89
[> xx := Vector(3,[1,2,3]);




1
xx:=|2 (1.5)
3

[ > A*X;
[Error, (in rtable/Product) invalid argunents
> A . Xx; # Matrix Vektor Produkt

14
32 (1.6)
50
=>y. A, # Vektor Matrix Produkt
| 66 81 96 | (1.7)
=>B::<<1, 4, 7 > | <2, 5, 8>| <3, 6, 9 >
123
B:=|4 56 (1.8)
789
> A- B
000
000 (12.9)
000
=><A| B >;
123123
456456 (1.10)
789789
=><A, B >
(12 3]
456
789 (1.11)
1 23
456
789
=>Id:=A"O;
Id:=1 (1.12)

_> about (1d);




1:
Al'l numeric values are properties as well as objects.
Their location in the property lattice is obvious,
in this case integer.

_>-C2:: A+ 2, # A+ 2*lIdentityMatrix Achtung Unterschied zu
MATLAB!

32 3
C:=147 6 (1.13)
7 8 11
_>»C?(-1); # Nhtrixinverse;
29 1 .9
32 16 32
1 3 3
16 8 16 (1.14)
175 13
32 16 32
(> % . (A + 2); _
0
(1.15)
=>»(A + 2) . (1.14); _ _
100
010 (1.16)
1001
(> Matrix(3, shape = identity);
100
010 (1.17)
1001
_>»Nhtrix( <1,2,3> shape = diagonal);
100
020 (1.18)
10 0 3]

> circ := Matrix(4, (i,j) -> (i-j)"3);




1 0 -1 -8
circ:= (1.129)
8 1 0 -1
27 8 1 0
_> circh(-1);
1 2 1
0o -— £ _ 2
36 9 36
1 3 2
— O _ = =
36 4 9
(1.20)
203 45 1
9 4 36
1 2 1
36 9 36 0
[> hilbert 1= Matrix(4, (i,j) -> 1/(i+-1));
1 1 1
1 = = =
2 3 4
1 1 11
2 3 4 5
hilbert:= (1.21)
1 1 1 1
3 4 5 6
1 1 1 1
4 5 6 7
[> hilbert := Matrix(400, (i,j) -> 1/(i+-1));
400 x 400 Matrix
Data Type: anythin
hilbert:— ype: dnyting (1.22)
Storage: rectangular
Order: Fortran_order
;> wi t h( Li near Al gebra):
> Transpose(A);
1 4 7
2 5 8 (1.23)
369

(1.24)



> B := Copy(A);

> B;

|:> restart:

(> B[1,2] := 222
_> B;

(> A

(> A[1,2] := 2

(> B[1,2] := 777

1 2 3
B:=14 5 6
7 89

B, ,:=222

4 5 6

4 5 6

12 3
B:={4 5 6
7 89

B, ,:=777

1 777 3
4 5 6
7 89

1 23
4 5 6
7 89

YLineare Gleichungssysteme

1 222 3]
7 89

1 222 3]

7 8 9]

(1.24)

(1.25)

(1.26)

(1.27)

(1.28)

(1.29)

(1.30)

(1.31)

(1.32)



gl :=x +y - z = 1;
gl:=x+y—z=1 (2.1)
g2 := 2*x +y - 3*z = 0
g2:=2x+y—-3z=0 (2.2)
g3 1= x - 2*z = -1;
g3:=x—-2z=-1 (2.3)
solve({gl, g2, g3}, {x,y,z});
{x=-1422y=2—-22z=12} (2.4)
subs(% {91, 92, 9¢3});
{-1=-1,0=0,1=1} (2.5)

w t h( Li near Al gebra) :
B := CGenerateMatrix( [gl, 92, 93], [X, vy, z], augnented =
true);
11 -1 1
B=|121 -3 0 (2.6)
10 -2 -1
A := SubMatrix(B, 1..3, 1..3);
11 -1
A=121 -3 (2.7)
1 0 -2
SubMatrix(B, 1..3, 4..4);
0 (2.8)
what t ype( 9 ;
Matrix (2.9)
b := convert((2.8), Vector);
b:=| 0 (2.10)
what t ype( 9 ;
Vector ., umn (2.11)
X : = LinearSolve(A b);

(2.12)



_> ReducedRowEchel onFor m( B) ;
1

0
0

_1+2_t3

2__t3
_
1
0
-1
0 -2 -1
1 1 2
0O 0 O

Y Zeilenweise M anipulation

_> B;
11 -1 1
21 -3 0
10 -2 -1
=> Al : = RowOperati on(B, [2_, 1], -2); _
1 1 -1 1
Al:={0 -1 -1 -2
1 0 -2 -1
=> A2 : = RowOperation(Al, [_3, 11, -1); _
1 1 -1 1
A2:=10 -1 -1 -2
0 -1 -1 -2
=> A3 : = RowOperati on( A2, [_3, 2], -1);
1 1 -1 1
A3=10 -1 -1 -2
_O 0O 0 O
=> A4 = RowOperation(A3, [1,2], 1);

(2.12)

(2.13)

(2.14)

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)



1 0 -2 -1
Ad:=|0 -1 -1 -2 (3.5)
0O 0 0 O
=> A4 = RowOperation(A3, 2, -1);
11 -11
Ad:=|01 1 2 (3.6)
00 0O
Y Rang und Determinante
|:> Rank( B) ;
2 (4.1)
|:> Det er m nant (A);
0 (4.2)
Y Normalformen
B A; Ei genval ues(A);
11 -1
21 -3
1 0 -2
0
2 (5.1)
-2
=> ew, T : = Ei genvectors(A);
2 4 20
ew, T:=| O |5 -11 (5.2)
-2 1 11
=> J := Matrix(ew, shape=di agonal);
20 0
J=100 0 (5.3)
00 -2
> T, 0. TA(-1);




J, T:

w

> T .

21 -3
10 -2
= << -14 | -18 | 3] 11| -1 16>,
<-28| -36| 18| 24| -6 40>
<134 | -182 | 90| 126 | -16 | 198>,
<-12 | -12 | 2] 10| -2 | 8>,
<190 | 254 | -126 | -178 | 24 | -278>,
< 46| 62| -32| -46 | 4] -66>>;
-14 -18 3 11 -1 16
-28 -36 18 24 -6 40
. -134 -182 90 126 -16 198
-12 -12 2 10 -2 8
190 254 -126 -178 24 -278
| 46 62 -32 -46 4 -66 |
> J, _T = JordanForrr(M_ output =["J", "Q]);
4 0 0000
0 -21 0 000
0 0 21000
0 0 0410/
0 0 0 041
0 0 000 4|
-10—241 -10+241 -72 46 15 |
-74171 -7—-171 144 -128 11
%%——wgl %;-+~%1 0 36 -41
-17—-71 -17+71 0 -72 28
—%—+-%ZI —%——-%ZI 144 128 7
-12451  -12—-51 72 -46 21
J. TA(-1) - M

(5.4)

(5.5)

(5.6)

(5.7)



000O0O0O
000O0O0O
000O0O0O
(5.7)
000O0O0O
000O0O0O
000O0O0O
Y Andere Operationen mit Matrizen
;> restart:
| > wi t h(Li near Al gebra):
> v .= Vector (3, synbol = x, orientation = columm);
X
vi=| X (6.1)
X3
=> w : = Vector (3, synbol =y, orientation = colum);
N
wi=| ¥ (6.2)
Y3
(> W 1];
Y1 (6.3)
(> v . w -
XN TXY, T X33 (6.4)
(> v . w assuni ng real;
XN TXY, +X3)3 (6.5)
[ > CrossProduct (v, wW;
X2 V3 = X305
X3 X )3 (6.6)
X1V, =%N
=> Vect or Norm(v) ;
max(|x1, X5/, x3|) (6.7)
_> VectorNorm(v, 2);
I+l (6.8)




V'V

wi th(plots):
A =<3, 1, 2>|<5, 2, 1>>;
35
A=]1 2
2 1
map( X -> x"2, A);
9 25
1 4
4 1

map( x -> sin(x/2), A); ]
sin(%) sin(%)
sin(%) sin(1)

sin(1) sin(%)

mat ri xpl ot ((6.11), hei ghts = hi stogram gap=0. 1, axes=frane,
orientation=[-20,60]);

(6.9)

(6.10)

(6.11)






