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1 FHEAEARE W i 2 2017, 20 e gk £t LinearAlgebra 5% Student[LinearAlgebra].

> with (LinearAlgebra):;
[&x, Add, Adjoint, BackwardSubstitute, BandMatrix, Basis, BezoutMatrix, (1.

BidiagonalForm, BilinearForm, CharacteristicMatrix,
CharacteristicPolynomial, Column, ColumnDimension, ColumnOperation,
ColumnSpace, CompanionMatrix, ConditionNumber, ConstantMatrix,
ConstantVector, Copy, CreatePermutation, CrossProduct, DeleteColumn,
DeleteRow, Determinant, Diagonal, DiagonalMatrix, Dimension,
Dimensions, DotProduct, EigenConditionNumbers, Eigenvalues,
Eigenvectors, Equal, ForwardSubstitute, FrobeniusForm,
GaussianElimination, GenerateEquations, GenerateMatrix, Generic,
GetResultDatalype, GetResultShape, GivensKotationMatrix, GramSchmidt,
HankelMatrix, HermiteForm, Hermitianlranspose, HessenbergForm,
HilbertMatrix, HouseholderMatrix, IdentityMatrix, IntersectionBasis,
IsDefinite, [sOrthogonal, [sSimilar, [sUnitary, JordanBlockMatrix,
JordanForm, LA Main, LUDecomposition, LeastSquares, LinearSolve, Map,
Map2, MatrixAdd, MatrixExponential, MatrixFunction, Matrix/nverse,
MatrixMatrixMultiply, MatrixNorm, MatrixPower, MatrixScalarMultiply,
MatrixVectorMultiply, MinimalFPolynomial, Minor, Modular, Multiply,
NoUserValue, Norm, Normalize, NullSpace, OuterProductMatrix,
Permanent, Pivot, PopovForm, @KDecomposition, KandomMatrix,
RandomVector, Rank, KationalCanonicalForm ReducedRowEchelontorm, Row,
RowDimension, RowOperation, RowSpace, ScalarMatrix, ScalarMultiply,
ScalarVector, SchurForm, SingularValues, SmithForm,
StronglyConnectedBlocks, SubMatrix, SubVector, SumBasis,
SylvesterMatrix, ToeplitzMatrix, Trace, Transpose, ITridiagonalForm,
UnitVector, VandermondeMatrix, VectorAdd, VectorAngle,
VectorMatrixMul tiply, VectorNorm, VectorScalarMultiply, ZeroMatrix,
ZeroVector, Zip]

> i th(Student| LinearAlgebral);

[&x, . , AddRow, AddRows, Adjoint, ApplylLinearTranstformPlot, (1.

1)

2)



BackwardSubstitute, BandMatrix, Basis, Bilinearform,
CharacteristicMatrix, CharacteristicPolynomial, ColumnDimension,
ColumnSpace, CompanionMatrix, ConstantMatrix, ConstantVector,
CrossProductPlot, Determinant, Diagonal, DiagonallMatrix, Dimension,
Dimensions, EigenPlot, EigenPlotlutor, Eigenvalues, Eigenvalueslutor,
Figenvectors, Eigenvectorslutor, Equal, GaussjordanEliminationlutor,
GaussianElimination, GaussianEliminationlutor, GenerateEquations,
GenerateMatrix, GramSchmidt, Hermitianlranspose, [Id, IdentityMatrix,
IntersectionBasis, Inverselutor, [sDefinite, [sOrthogonal, [sSimilar,
Islnitary, JordanBlockMatrix, JordanForm, LUDecomposition,
LeastSquares, LeastSquaresPlot, LinearSolve, LinearSolvelutor,
LinearSystemPlot, LinearSystemPlotTutor, LinearlransformPlot,
LinearlransformPlotTutor, MatrixBuilder, MinimalPolynomial, Minor,
MultiplyRow, Norm, Normalize, NullSpace, Pivot, PlanePlot,
ProjectionPlot, QRDecomposition, RandomMatrix, KandomVector, Rank,
ReducedRowEchelonForm, ReflectionMatrix, RotationMatrix, RowDimension,
RowSpace, SetDefault, SetDefaults, SumBasis, SwapRow, SwapRows, Trace,
Transpose, UnitVector, VectorAngle, VectorSumPlot, ZeroMatrix,

ZeroVector]

W M EIa s, BN INEeR L VectorCaleulus 5% Student[VectorCalculus].

> i th(VectorCalculus);
[&x, *, "+, -, ., < > </> About, AddCoordinates, ArclLength, (1. 3)
BasisFormat, Binormal, Compatibility, ConvertVector, CrossProd,
CrossProduct, Curl, Curvature, D, Del, DirectionalDiff, Divergence,
DotProd, DotProduct, Flux, GetCoordinateParameters, GetCoordinates,
GetPVDescription, GetRootFPoint, GetSpace, Gradient, Hessian, Jacobian,
Laplacian, Linelnt, MaploBasis, Nabla, Norm, Normalize, Pathlnt,
PlotPositionVector, PlotVector, PositionVector, PrincipalNormal,
RadiusOfCurvature, RootedVector, ScalarPotential,
SetCoordinateParameters, SetCoordinates, SpaceCurve, Surfacelnt,
INBFrame, Tangent, Tangentline, TangentPlane, TangentVector, Torsion,
Vector, VectorField, VectorPotential, VectorSpace, Wronskian, diff,
 eval, evallF, int, limit, series]
> with(Student| VectorCalculus]);
[&x, *, "+, -, ., < > </> BasisFormat, Binormal, CrossProduct, (1.4)
Curl, Curvature, D, Del, Divergence, DotProduct, Flowline, Flux,
GetCoordinates, Gradient, Laplacian, Linelnt, MaploBasis, Nabla, Norm,
Normalize, Pathlnt, PositionVector, PrincipalNormal,




\ 4

RadiusOfCurvature, RootedVector, ScalarPotential, SetCoordinates,
SpaceCurve, SpaceCurvelutor, Surfacelnt, INBFrame, TangentVector,
Torsion, Vector, VectorField, VectorFieldlutor, VectorPotential, diff,
evalVF, Int, limit, series]|

4.2 MEREX R

PN

2
0
u:=
2
]
V=
2
L
W= (2. 1)
2
> whattype(u), whattype(v), whattype(w)
Vector,,,, . Vector, . Matrix (2.2)
7> Uy =-Uy; u
U, := -1
1
(2.3)
-1

W Ik EitVectorCalculusiStudent [VectorCalculus] 2 Jo, #iEzL <1, 2> B8
XORAE T ARk

& X JF) B Vector

7> u:=1[1, 2]; v:= Vector(u); w:= Vector[ row](u);
u:=1[1, 2]

W:=[1 2] (2. 4)

> whattype(u), whattype(v), whattype(w)

(2.5)



list, Vector

columm’ Vector row

> Vector| row](5, v)
[12000]

> Vector[ row](5, sin)
[sin(l) sin(2) sin(3) sin(4) sin(5)]

A ML A & RandomVector

> RandomVector| row](5, generator=0..1)
(0101 1]

> RandomVec tor| row](5, generator=0..1.0)
[0.573754663321269453, 0.773917130825996002, 0.456032823759049522,

0. 643960953645390854, 0. 710703873355774007 ]

vk, Hoke. ZtE4 4 VectorAdd

> u:= Vector| row|(3, symbol= a); v = Vector[row](3, symbol=b);

a4 33]

[bl b2 bS]

7> 2 u—3 v, VectorAdd(u, v, 2,-3);

u:=

V.

WA DotProduct. #MH CrossProduct. XU Zk1EAY BilinearForm

> v, DotProduct(u, v); _ _ _ _
by a,+ b, ay+ by a, by a + b, a,+ by a,

7> u &x v, CrossProduct(u, v);

[32 by—ay by a; by—ay by a; by— a, bl]

[32 by—ay by ay; by—ay by a; by— a, b1]

1 2 3
> PBilinearfForm| u, v, 4 56

78 9

by+4 by+T by a+2 b +5 b,+8 by ay+3 b +6 b,+9 by a

L B u, v AT ) RS (A R, A5 RAT (T 5 [ ?

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

(2. 10)

2 a—3b 2a—3b 2a—3 b ] [2 a—3 b 2 a—3 b 2a,—3 b | (2.11)

(2.12)

(2. 13)

(2.14)



\4

M EIEE Norm. J2£f VectorAngle

> Norm(u); VectorAngle(u, v);
ma;i|al a_3|, |a2‘)_
b + b + b
arccos T e R I (2.15)
2 2 2 2 2 2
] Jlaf* +laf + | 16 + |5 + ]
> Norm(u, 0), Norm(u, 1), Norm(u, 2), Norm(u, infinity)
3, |a| +|a| +|a) | |af +|a) +|a

B U, v S BT R A R, 4 ST S 2

M

b

2 , max(|a1|, |33

a2|) (2.16)

) 5 20 4 B TP T-25 18] F) 3 Basis. #1 SumBasis. A8 IntersectionBasis. 1FAS 4K, GramSchmidt.

> ul = (121]-2); u2:= (2I3]1]0); u3 = (1]212]-3); vZ = (1[1[1]1); v2:= (1]0|1]
-1) 5 v3 = (1]3[0]-4);

wl:=[1 21 -2
w2:=[23 1 0]
=122 -3
vi=| 1111

=101 -1

v3:=[1 3 0 -4] (2.17)
> Basis([ul, u2 u3, vi, v2 v3])
[[121-2], 2310],[122-3,[101-1]] (2.18)
> SumBasis([[ul, u2 u3l, [vi, v2 v3]])
[[121—2], 2310],[122—3,[101—1]] (2.19)
> IntersectionBasis([[ul, u2, u3], [vi, v2, v3]])
[130—4],[1111] (2. 20)
> GramSchmidt([ul, u2, u3])
11 6 1 9 1 15 43 7
[121_2]’ 10 5 10 5]’[59 59 59 59‘ (2.21)

4.3 FRERYE X

B N R



> A= ((1]12), (3]4)); B:= ((1, 2)|(3, 4)); C:=

7> whattype(A),

& XHEE Matrix

> trix(2);

> Matrix(2, 3)

S Matrix([[1, 2, 3], [4, 5, 6]]):

’

11 12}

21 22
1 2]
A=
3 4
1 3]
b=
9 4
11 12
C:=
21 22

whattype(B), whattype(C)
Matrix, Matrix, Matrix

S Matrix([(1, 2, 3), (4, 5, 6)]):

> Matrz'X(B, (7, j)—>;)

I+ j5—1

(3.

(3.

(3.

(3.

(3.

1)

2)

3)

4)

5)

. 6)

7)



1 1
1 J— J—
2 3
1 1 1
5 3 1 (3.7)
111
3 4 5
> Matrix(3, 4, symbol= a, shape= band[1, 1])
a a,, 0 0
d | 9 43 0 (3.8)
0 a5 a33 a4
BEMLEEFFE RandomMatrix
[> randomize( ) :
> RandomMatrix(2, 3)
26 -73 40
(3.9)
-6 36 62
7> RandomMatrix(4, 3, generator =-10.. 10, outputoptions= | shape= triangular])
9 6 1
0 -2 -4
(3.10)
0O 0 6
0O 0 O
vV i RandomMatrixZ |, WZiistiaiTrandomize;
FRERFE I (TPE W ERAR94 1T R 4-1)
> ZeroMatrix(2, 3)
000
(3.11)
000
> IdentityMatrix(2, 3)
1 00
(3.12)
010
> DiagonalMatrix([1, 2], 2, 3)
(3.13)




fEE4EPETCZE Column. Diagonal. Dimension. Row. SubMatrix

1 00
020

> Dimension(A)

> Diagonal(A)

> a:="a : A= Matrix(3, 4, symbol=a);

a1 4,9 4,3 4 4
g | Gy 9 4y 3 4y y

d3 | 43 9 43 3 d3 4

9L AL
A o5 4=

dy 3 4y 4

a1 4,9 4,3 4 4
g | Gy 9 4y 3 4y 4
3 | dy 9 43 3 43 4

a1 4y, 9 43 4y
Dimension

dg | Gy 9 8y 3 4y y

dy | 43 9 43 3 43y

7> A= Matrix(2, symbol=a); B:= Matrix(2, symbol=b);

a1 4y 9

A:=

g 1 4y 9

(3.13)

(3. 14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)



> DiagonalMatrix([4, B]);

VA4 HERNBEE

WA

A

7> A+ B;

> A B,

1, 2

2, 2

0 bl,l b1,2

0 b2,1 b2,2_

> 4= Matrix(2, symbol= a); B:= Matrix(2, symbol=b);

a1 4y 9
dy 1 Gy 9

by | b

b2, 1 b2, 2

1, 2

a, 1+b1,1 51,2"'[71,2

ay 1+b2,1 52,2"'[72,2

(3. 20)

(3.21)

(3.22)

(3.23)

(4.1)

(4.2)

(4.3)



a1 b1, 1 ta bz, 1 9,1 b1, ot a bz, 2
(4.3)
a9 b1, 1 Tay bz, 1 91 b1, ot ay o bz, 2
> 2.4
2 a 2 a
1,1 1, 2
(4. 4)
2 a, | 2 a o
> AZ;
2
a yta ga a8 ,ta a4,
) (4.5)
ay | a | tay 9 a a o dy |ty 4
> 45
4, 2 B a, 2
) | g 94y 9 49 1 1 49 94y 9 4y
(4.6)
B ), 1 4, 1
1 89 9748 9 dy | 8 | 8 9T 4a 9 4
> A%T;
a1 4
(4.7)
a) 9 4y 9
> A%H;
a1 4
I (4. 8)
a9 4y 9
B
>
VER: AT%T A1AT%H TR T AT H AR KE.
SERERRE CPE WLRAS101 5184471106 11 K4-5)
> 4= Matrix(2, symbol= a);
a1 4y 9
A= (4.9)
dy 1 4y 9
> Adjoint(A);
ay 9 a9
(4. 10)

T4y 1 4




Determinant(A);

g 9 41 178y 1 4 o

Permanent(A);
dy 9 a1 tay | a ,
Trace(A);
a1 ta
A= ((-1, 3)[(2, 4));
-1 2
A=
3 4
Rank(A);
2
CharacteristicPolynomial(A, x);
1044 —3 x
Figenvalues(A);
5
-2
FEigenvectors(A);
1
5 - -2
-2
1 1
JordanForm(A);
-2 0
0 5
LUDecomposition(A)
10 1 0 -1 2
01| |-31[| 010
QRDecomposition(A)
1 3
-— J 10 — 10
10 10 v 10 10
S /0 L 1o 0 V10
10 10
SingularValues(A);

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)



g ﬁ+é J10
(4.22)
gﬁ—% J10

. Eigenvalues(A). Eigenvectors(A) F1 JordanForm(A) % [FIfIEFAEARLIR R ] HEANIA]

V45 gtk HEd

A T1070 4123

> eqns:i= [xI14+3 x246 x3+2 x4=-1, 6 x/+3 x24+6 x3+12 x4=24, 3 xI— x2
—2 x3+6 x4=17];
eqns := [x1+3 x24+6 x34+2 x4=-1, 6 x/+3 x2+6 x3+12 x4=24, 3 xI (5.1)

| —x2—2 x34+6 x4=17]
> A, B:= Generatelatrix(eqns, [xI, x2, x3, x4]);

1 3 6 2 -1
A4 B:=|6 3 6 12| | 24 (5.2)
3 -1 -2 6 17
> LinearSolve(4, B, free= x); -
o—2 x,
-2 —2 Xq
(5.3)
X3
Xy
HRAT10 0124
7> eqns = [xI+2 x2=5, 2 xI+x2=6, xI+ x2=4];
i eqns = [xI1+2 x2=5, 2 xI+x2=6, xI+ x2=4] (5. 4)
> A, B:= Generatelatrix(eqns, [xI, x2]);
1 2 5
A B:=|2 11| |6 (5.5)
11 4
> LinearSolve(A, B, free= x): 0
| Error, (in LinearAlgebra:-LA Main:-LinearSolve) inconsistent system
> LeastSquares(A, B);




g

11
15

11

(5. 6)



