Problem 1

Prove that all the eigenvalues A(H) of a Hamiltonian matrix H are symmetric to the

jw -axis.

For Hamiltonian matrix H , we know

JH=-H"J
T 0 -l
J =-J , Where J = .
. I 0
J7=-J

From JH =—H"J, we know
JHI'=—JHJ=J"'"H)=-H" = J'HJ=-H".
By simililarity transformation, we know /1(H)=/1(—HT); hence, the eigenvalues

A(H) of a Hamiltonian matrix H are symmetric to the jw -axis.

Problem 2
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Determinetherankof A=1[2 4 -1 2
1 2 1 9

1 2 5 1
A=|2 4 -1 2
1 2 1 9
R3=R1-R3 1 2 5 1
—_— =12 4 -1 2]
0 0 4 -8
R3=R3/4 1 2 5 1
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R2=2*R1-R2 0 0 1 =2
R2=R2/11 12 51
——— "0 0 0 2
R3=R2-R3

‘. The rank of Ais 3.




Problem 3.

_i 1 .
2z 2 .

Let Q= 11 Rz[l 1} b=|1|, Utilize the least square approach to
V2o 2 0 1] ’
0 0 :

solve Ax=b where A=QR.
Concept: least square method, QR factorization

Step 1.
Multiplying by A" on both sides of the equation Ax=b,

AT Ax = ATh
—R'Q"QRx=R'Q"b (A=QR).

For the orthogonal matrix Q (Q'Q = 1) and above equation, one can obtain

R'Rx=R'Q'b
= Rx=Q'h.
Step 2.
Because the matrix R is nonsingular,
x=R'Q"b
= X= V2 :
0

Note: If Ais mxn and left-invertible,

* Ris nxn and upper triangular with r, >0.

e Qis mxn andorthogonal Q'Q=1.




Problem 4.
Consider the following system:

oz Sle) >l

Find the response of x,(t) and x,(t)

Concept : state response of LTI system

Step 1.
According to Equation (2.53) on Page 18, the state response of a LTI system in the
time domain is

X(t) = "X, + j;eA“-”Bu(r)dr .

Step 2.
Because the input u(t) is zero, the state response can be
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