Computer Controlled Systems

1 HOMEWORK

1 Homework

1.1 problem

The given linear mapping is A : R3 — R3, A(v) = Av, where

0 1 1
A=1|1 0 1
1 1 0
(a)
U1
We apply the mapping to the vector v = | vy | € R3.
U3
0 1 1 U1 Vo + V3
Awy=Av=1[1 0 1| [ve] =[v1+wv3
1 1 0 V3 V1 + V2
(b)
The characteristic equation and the eigenvalues are
A -1 -1
det(A\l —A)=]-1 A —1[=XP-31-2=A-2)A+1)?=0 = A\ =2 A3 =—1.
-1 -1 A
2 -1 -1 I 2.1‘1 — T2 — X3
MI-Az=|-1 2 -1 To |l = —x14+222—23] =0
-1 -1 2 I3 —T1 —3324—2.133
From this we get
2I1 — X9 — T3 = 0
3 3
51‘2 — 53’:3 =0
1
and x1 = x9 = x3, which means that the eigenvector corresponding to A\; = 2 is v1 = [ 1| and the
1
eigenspace is
span {v1} = {pv1|p € R\{0}}.
2.
-1 -1 -1 1
()\273] — A)l’ = —1 -1 -1 i) =0
1 -1 -1/ \u;
From this we get
Ir1 = —T9 — X3.
-1 -1
This means that the eigenvectors corresponding to A\y3 = —l arevoa = | 0 | andvs = | 1 | and the
1 0

eigenspace is

span {vy,v2} = {pv2 + qus|p,q € R, p+q # 0}.
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(c)

The matrix
1 -1 -1
S = (’Ul V2 Ug) = 1 O 1
1 1 0
is an appropriate coordinate transformation matrix and
2 0 0
D=5S"1'48=(0 -1 0
0o 0 -1
(d)
Since D is a diagonal matrix
e 0 0
eP=10 L 0
0o o !

(e)

6§E1 e§31 e:§Jer2
3e 3e 3e

1.2 problem

The given matrix is

0 1 -2 5
B= -3 2 5 —65
-2 6 4 0

We need to solve the linear equation system

T — X9 + 2214
. To — 223 + b1y .
Bz = —3x1 + 2x9 + drz — 6514 =0

72I1 + 6:62 + 41’3
After Gaussian elimination we get

T, — X9+ 2224 =0
To — 223+ 524 =0

3583 + 6264 =0.
—31.’)34 =31
From this we get z3 = —2x4, 9 = =924 and z; = —31x4 which means that any v = _324 = x4 _g
—224 _
XTq 1

is a solution of the linear equation system Bx = 0, Vx4 € R. Using this

Im(B) = span {b1, ba, b3}
Ker(B) = span {v}

WhereB:(b1 bQ bg b4)
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1.3 problem

i+ 49 + 3y = u(t)

where ¢(0) = —1 and y(0) = 1. We know that

L{ij} =s*Y(s) —s
L{y} = sY(s) —y(0)

Using this the above equation can be written as

s2Y (s) — s+ 1+4sY(s) — 4+ 3Y(s)

(s> +4s+3)Y(s) —s—3=U(s) = Y(s)=

U(s)+s+3
(s+1)(s+3)°

(a)
With u(t) = 4e~%" we get U(s) = s35 and
5% +5s + 10
Y — t:37t7472t 27315
O = DG e YT TAe e
(b)
With wu(t) = sin 5t we get U(s) = SerL% and
53 + 3s% + 255 + 80 57 ) 5 11
Y(s) = t)=—-e - ——e ¥ — ——cos5t — —sin5t.
) = I D662 y(t) = 53¢ 68° 591 CO8O1 T g S5
(c)
With u(t) = e=2 cos 5t we get U(s) = (S_F;)% and
5% + 7s° + 425 + 89 53 1 1
Y(s) = t)=—e '+ e ¥ — —e * cosbt.
O = eIt YR TRt Tt o
1.4 problem
& = Ax + Bu
y=Cx
where
3 -1 1
A= (1 0) B— (0> c=(1-1)
(a)
Y (s) . s—1
H(s) = = I-A)""B=
(s) U(s) Cls ) s2—3s+1
(b)

h(t)=LY{H(s)} = et (cosh

v 1 Vb
5 \/gstht)
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