10. Eigen Vector (Eigen Excitation) and Eigen Value

10.1 Eigen vector

The input impedance measured at every port , eg., becomes identical in
eigen excitation. This impedance is an eigen value of the impedance
matrix of the circuit.

10.2 Eigen values and eigen vectors in circuit matrices

When eigen values are obtained for one of circuit matrices, those of
remaining matrices are determined. Also, eigen vectors are identical for
all matrices in a given circulit.

10.3 Method for determination of eigen value and eigen
vector

The eigen values and eigen vectors of rotationally symmetric circuit is
calculated as an example.



Eigen Vector and Eigen Value : Definition

Consider the case that the following relation holds. That is, the input
Impedance measured at every port is identical.
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Eigen Vector and Eigen Value : Example

Symmetric 2 port circuit
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Relation between different circuit matrices

.
Rational function of a square matrix [M]

f(IM]) =c,(IM]=c,[AN(IM]-c,[1])---(IM]=c,[1]) *(M]—c_,[1]) " ---
[M]E' = AE'
¢, [1E' =¢c,E'
([M]_Ck[l])Ei = (4 _Ck)Ei
E' = (4 ¢ )(M]-c 1) *E' By (M]-c, 1) *E' = (4 -¢,)'E

f(IMDE' =¢,(IM]-c,[)(IM]-c,[1])--- (M ]-c, ) *([M]—c,[1])*---E
=, (IM]1-c,AY(M]-c,[1])--([M]—=c,[1) (4 —c,) " ---E
= Co(/li _Cl)(/li _CZ)"'(/Ii _C—l)_l(/Ii _C—z)_l"'Ei

eigen vector of rational matrix function f([M])= eigen vector of matrix [M].

eigen value of rational matrix function f([M])
Co (ﬂﬂ - Cl)(ﬂ‘i o Cz)‘ o (ﬂﬂ - C_l)_l(/li - C_g)_l e




Relation between different matrices

[Z1[1']=z[1"]
YIV']=ylVv']
Here, the following relation holds.

[YI=f(Z]) =[2]" =([Z]-c D" c,=0

eigen vectors of impedance matrix = eigen vectors of admittance matrix
eigen values of impedance matrix and admittance matrix :

-1 -1
Yi = (Zi _C—l) = £
Scattering matrix and impedance matrix

[S]= (Ri[Z]+1)-1(Ri[Z]—1) ~ ([Z]+R,)*(1Z]-R,)

Z.— R
S. =(z.+R)*(z -R,)="1—"2
=2, +Ry) 7 (z; - Ry) 2 R,




How to find eigen vector and eigen value ?

[Plu' = piui

[QI[P]u' = p,[QIU'
Commutative matrices [P] and [Q]:  [P][Q] =[Q][P]

[QI[PIu' =[P][QIu' =[PI([QIu") = p,([QIu")

[Q]U IS the eigen vector of [P], and has the eiven value p,.
Therefore, [Q]u'is to be proportionalto U’

~[Q' = Qiu

u' is also an eigen vector of matrix [Q].




How to find eigen vector and eigen value ?

rotationally symmetric 3 port circuit
[RIIZ]i =[R]v=Vv'=[Z]'=[Z][R]i
0 0 1]
1 00
0 1 0]

[RI[Z]=[Z]IR]

[R]=

3->2->1

#3

#1 2->1->3

#2
1->3->2

The eigen vector of [Z]becomes identical to that of [R].
[Rlu' =r'u’
det([R] - r[i]) = 0
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How to find eigen vector and eigen value ?
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