Uniform scaling

A=CDC

0 10115 0

1501 lo1ll o 15
A% =A7

for every nonzero X

A=15>1

any invertible C is valid

shown here:
C = [ é)l | 82] = |

C-1

[Vll\_;Z]




Upper-triangular
A=CDC"

1 ~0.707 || 1.1 0

0 =~0.707 || 0 2

-> . 1 e
X; is a multiple of e;
- . e
X, is usually not e,

C=[%1%]

1 -1




General
non-symmetric

A=CDC
~0.593 =-0.671 ~3.212 0
~0.805 =0.742 0 ~-1.712
A ~3.212> 1
A, ~—1.712 < -1
two X € R2
X - X, # 0
C=[x1%,]
C
C

~0.757
~-0.821

~0.684
~0.606




Symmetric

positive A
A=QDQ’
2 0.6 ~0.882 =-0.472 || =2.321 0 ~0.882 =0.472
0.6 1.2 B ~0.472 =0.882 0 ~0.879 || =-0.472 =0.882
A =2321>1

0<A,~0.879 <1

Vv = AV arrows cross

neither eigenline

Q=[%1X%,]




Symmetric

negative A

A=QDQ"
2 06 ~-0.472 ~0.882 || ~0.879 0 ~-0.472 ~0.882
06 12| | ~0.882 ~0.472 0  ~2321 || ~0.882 =~0.472

~1<A, ~-0.879<0
A~ —2.321< -1

- -
v = AV arrows cross

both eigenlines

Q=[)_()1|§2]



Symmetric
mixed-sign A
A=QDAQ’

~0.683 =0.73

1.5 ~0.683 =-0.73 ~2.603 0
~0.683

) ~0.73 =0.683 0 ~-0.403 || =-0.73

1
1.5 1.2

A, ~2.603 > 1
~1<\,~-0.403 <0

Vv = AV arrows cross



the positive-A eigenline

Q=[§1|§2]

QT
[V, 1V, ]
A D
Q
LA
Projection
also symmetric
P=QDAQ'
0.75 =0.433 ~0.866 -0.5 10 ~0.866 0.5
~0433 025 | | 05 =08661|0 01| -05 =~0866

X; = col(A) direction
A =1

1



X, = £-null(A) direction
A, =0

v = AV arrows end on

the A = 1 eigenline

Q=[%1%]

QT

Reflection

also symmetric
R=QDAQ’



0.5 =0.866 ~0.866 -0.5 10 ~0.866 0.5
~0.866 -0.5 0.5 =0.866 [| O -1 -0.5 =0.866

X, = mirror direction
A =1

X, = orthogonal direction
A, = -1

- -
v = AV arrows cross

the mirror line

Q=[)_()1|)_()2]




Diagonalizable matrices with A € R



Uniform scaling
A=CDC?

10

Upper-triangular
A=CDC!

1.1 09
0 2

Lo

non-symmetric
A=CDC?

1 =0707 |[ 11 0][1

0 =0.707

0 2|0

05 2
31
=~0.593 =-0.671 || =3.212 0

=~0.805 =~0.742 0 =1712

Symmetric
positive A
A=QDQ’
2 06
06 1.2
~0.882

~-0.472 || =2.321 0

~0.472 =~0.882 0 =0.879

Symmetric
negative A
A=QDQ’
-2 06
0.6 -1.2

=~-0.472
~0.882

~0.882 || ~-0.879 0

=~0.472 0 ~-2.321

Symmetric
mixed-sign A
A=QDQ’

115

15 1.2

AX =A%
for every nonzero X

A=15>1

A=A =A,
=D,=D,
i
CD=DC
{
any invertible C is valid

shown here:
1 C=[§18]=1

A=A, =11>1
A=A, =2>1

% is a multiple of &
Xy is usually not &,

C=[%1%]
-1
~1.414

A =3212>1
A= -1712<-1

two X e R?

R Fye0

C=[%1%]
=~0.757 =0.684
=~-0.821 =~0.606

A =2321>1
0<A,=0879<1

% %=0

v = AV arrows cross
neither eigenline

Q=[%I%)
=~0.882 =~0.472

~-0.472 ~0.882

-1 <A, ~-0879 <0
A= -2321 <=1

R Hy=0

V =+ AV arrows cross
both eigenlines

Q=(%1%]
=~-0.472 =~0.882

=~0.882 =~0.472

A w2603>1
=1 <A, ~-0403<0

% %=0

V = AV arrows cross




the positive-A eigenline V. NS

- NAA X o
Q=[5 1%) ~
~0.683 073 || »2.603 © ~0.683 0.73 " Z/ :
~0.73 ~0.683 0 =~-0403 || =073 =~0.683 :
Projection Q'
also symmetric <
P-QDQ" R ¢ "
075 =0433 aiiarys el PN
~0.433 0.25 % %m0 . I D
¥~ Avamowsendon |\ ‘\‘
the A = 1 eigenline A \ . \ . Q
~0.866 -0.5 10 || =~0.866 05 . _—
Q=[F1%) R B
05 =~0866 (|0 0| -05 =0866 ’
Reflection "\"\' 20 Q'
also symmetric i \K
% = mirror directi \ e .
R=QDQ" Bt y \ N : LD
%, = orthogonal direction \ g [V 1¥;] ‘
05 =~0.866 g
~0.866 -0.5 % %=0 C ID
V = AV arrows cross : <
the mirror line A Q N
~0.866 -0.5 1 0 || ~0.866 05 L . i
Q=[%1%] - I <
05 =~0.866 || 0 -1 0.5  =~0.866




