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» Square matrix (Jutsi=) A=l
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« Eigenvalues of Symmetric and Skew-Symmetric
Matrices (8.5)
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« Determinant of an Orthogonal Matrix
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1=det | =det (AA™") =det (AAT) =det Adet A" = (det A)°

 Eigenvalues of an Orthogonal Matrix
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 Basis of Eigenvectors
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2 nxndE At nli2 A= LIE D=als Y,

- LlTTBEA=
Ol AS] RYH x, -+, x, 2 R" I HIt =L,
X =¢X; +C X, +4¢, X,

y=AX=A(cX;+c,X, +--+¢ X )
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« Ex.1 Eigenbasis, Nondistinct Eigenvalues.
Nonexistence

S

2 2 -3
A=|2 1 6
-1 2 0

S



Eigenbases. Diagonalization. %.Lj@lg’
Quadratic Forms i

« Symmetric Matrices
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 Similarity Transformation (& AjtHZI)
A=P AP (nxnx"iéoaé' P)
 Eigenvalues and Eigenvectors of similar matrices
ADE AOI A AFOIB AE ARt 222 DRt

xJt ASl DRYEOIH y=PIxs 22 D20 HSE= ACl DRYE DI} =0t

P*AXx=P7AIX=P7APP'x = A(P'X) = AP'X Ax=Ax - P'Ax=P1ix

A
O nxn®E At DRHHS JINE JHAH

D=X"AX
= W2d20] £/, A2l RS0l =& A0 =0

HIIAM XE 0l URrHEHS= EHHZ ot= 2Z20[LH
£33 D" =X'A"X
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- Diagonalization of a matrix (4 &2| CHjZt3})

Jt DRYHS JINE JHAIE
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« Ex.4 Diagonalize s 0n 37
A=/-115 1.0 55
| 177 1.8 -9.3
SHYFHA - -2 +122=0 = DR 21=31=-4,1=0
A 11 |2 -1 1 2 -0.7 02 03
= JFYHE: I3 [1], |1] = X= -1 1|, X*'=|-13 -02 0.7
A0 |13 |4 -1 3 4 08 02 -0.2

07 02 037]-3 -4 0] [3 0 O]
D=X'AX=|-13 -02 0719 4 0/=/0 -4 0
| 08 02 -02|-3 -12 0] [0 0 O]
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Quadratic Forms (2X} & Al).
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« Ex.5 Quadratic form. Symmetric Coefficient
Matrix

3 4
X" AX = [xl X, 1 3x12 +10x,x, + 2x22
6 2| x,

446=10=5+5 22 ¢, = (0, +a, )= SH=AH Aol 231 A
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« Ex.6 Transformation to Principal Axes. Conic
Sections

— Find out what type of conic section (2l & =) the
following quadratic form represents and
transform it to principal axes:

= 17x1 —30x,x, + 17x2 =128

{15 _1175} :M

A (17-4) 152 =0

frgk  A=2,32 = 0=2)+32y,
2 Parabola  Circle or Hyperbola
y12 y22 ) (Z2=4) Ellipse (A=)
8 2

http://len.wikipedia.org/wiki/Conic_section
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e Definiteness

- O(x) = x" Ax and symmetric matrix A are called

— Positive definite if Q(x)>0 for all x#0

— Negative definite if Q(x)<0 for all x#0

— Indefinite if Q(x)>0 and Q(x)<0 for all x#0
 Positive Definiteness

o . o ¢, all alz o all’l
— All the principal minors are positive  |— a
21 Upp | wo| Uy,
0 g yp G gy
all >O 1 12 >O aZl a22 a23 >O detA>O
a, d, a a a _anl ) ann_
31 Az Ay
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« Example) compliance matrix of elastic material

— Positive strains energy requires the Positive
definiteness of matrix. 2 constraints of elastic
parameters (elastic modulus and Poisson’s ratio)
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W=—0c So ’ v v 1 5 9 oll™
2 | |"E E E . N
- I i I 7/)/ 1 z-yz 1
W: strain energy Intensity 0O 0 0 Pe 0 0 -l<v<—
: : .
S: compliance matrix & . xz 2
yxy O 0 O O E O z-xy
0o 0 0 o0 0 =
G



