Worked Out Homework 2
MA 303 Fall 2011 (Aaron N, K. Yip)
Friday, Sept. 16, in class

1. Find the general solution of % = BX, % = CX and ‘fi—f = DX where B,C, D are the

following matrices:

310 300 3 1 2
B=|031],C=1031],D=|02313
0 0 3 0 0 2 0 0 2

Note 1: The above matrices are the same as the Hand-Written Hw 1, #2. To solve for the
system with matrix B, please refer to textbook, p. 429, #17.

3 10
Note 2: The problem with matrix A=]1 0 3 0 from the Hand-Written Hw 1, #2 is

00 3
somewhat complicated, but doable — see p. 430, #18 for your curiosity and amusement.

2. (Exponential matrices)

[0 —1
1

(Hint: make use of the general solution formula.)

(a) Find et for A = . Your answer should not contain any complex numbers.

a0
(Hint: make use of the general solution formula.)

(¢} Find elA+B),

(Hint: make use of the general solution formula.)

(b) Find e” for B = 01 ]

(d) TIs elATB)t - pAteBt _ oBtodly
3. {For this problem you can make use of matlab for assistance.)

(a) Consider the multiple spring-mass system as described in Textbook p. 356 and p. 406.
For the parameters stated in p. 406, Example 3, find the ezplicit analytical form of the
solution when z:(0) = 1, £:(0) = 0, 22(0) = —0.5, £2(0) = 0.

Plot the graphs of x(£) and za(t) versus ¢ > 0 in the SAME FIGURE. Set the range of
t to be 0 < ¢t < 30. Make sure you label the curves and use different styles to distinguish

the two curves,
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% Setting up of matrix M

M=[3 0 3 0

20 -40

0 30 6

0 2 0 8]
3 0 3 0
2 0 -4 o
0 3 0 6
0 2 0 8

% Setting up of the right-hand-side of MC=B

B=[1
-0.5
0
0
]
B =
1.0000
-0.5000
0
0

% Solve for C; in MC=B, Solution give by C=M"(-1)B
inv (M) *B
ans =

0.1389
0
0.1944
0

% Plotting of xl(t) and x2(t) T

t=linspace (0, 30,1000} ;
x1=0,4160*cos(t)+0.5832*cos (2*t);
x2=0.2778*cos (t)-0.7776*cos (2*t) ;
plot (£, x1)

hold on

plot{t,x2, "'r—-"}

grid

xlabel ( (t) and x_2(t) "'}

'x_1(t
ylabel ('x_1(t) and x_2(t)"')
xlabel ('t')
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% Setting up of matrix A

A=[0 0 1 O
G001

-2 3/2 -1/2 0
4/3 -2 0 -2/9)

A =
0 0 1.0000 0
0 0 0 1.0000
-2.0000 1.5000 -0.5000 0
1.3333 -2.0000 0 -0.2222

% Finding eigenvectors and eigenvalues of A

[V D]=eig(A) <__.* @

V:
-0,0335 - 0.34271 ~0.0335 + 0.34271 -0.5819 -0.5819
0.0908 + 0.31771 0.0908 - 0.31771 -0.5374 - 0.0395i -0.5374 + 0.03951
0.6340 0.6340 0.1058 - 0.43421i 0.1058 + 0.4342i
-0.5986 + 0.10951 -0.5986 - 0.,1095i 0.1272 - 0.39381 0.1272 + 0.39381
D =
-0.1793 + 1.83274 0 0 0
0 -0.1793 - 1.,83271 0 0
0 0 -0.1818 + 0.74621 0
0 0 0 -0.1818 - 0.74621

OO OO0
[oNeNeNe
[l e R o R o)

M(:,1})=[-0.0335, 0.0908, 0.6340, -0.5986]

M:

-0.0335 0 0 0
0.0508 0 0 0
G.6340 0 0 0

-0.5986 0 0 0

M(:,2}=[-0.3427, 0.3177, 0, 0.1095]
M:

-0,0335 -0.3427 0 0
0.G908 C.3177 0 0
0.6340 C 0 0

-0.5986 0.109%5 0 0

M(:,3) .5819, -0.5374, 0.1058, 0.1272]

I
!
@}



-0.0335 -0.3427 -0.58189 0
0.0908 0.3177 -0.5374 0
0.6340 0 0.1058 0

-0.5986 0.1095 0.1272 0

M{:,4)=[0, -0.0395, -0.4342, -0.3938]
M =

-0.0335 -0.3427 -0.5819 0
0.0508 0.3177 -0.5374 -0.0395
0.6340 0 0.1058 -0.4342

-0.5986 0.1095 0.1272 -0.3938

% Setting up of right hand side of MC=B

B=(1, -0.5, 0, 0]

B =
1.0000 -0.35000 0 0
B=[1
-0.5
0
0]
B =
1.00G0
-0.5000
0
0

% Solving for C in MC=B: C=M"(-1)B

inv (M) *B

-0.2184 <ff“—‘—“ ‘1;
-2.2285
-0.3935
-0.4148

% run script hw23.m to plot x1(t) and x2(t)

SNG



t=linspace (0,30,1000);

xl =

—-0.2184%exp (-0

-2.2285%exp(
-0.3935%exp (
—0.4148*exp (-

X2 = ...

—0.2184%exp (-
—2,2285%exp (-
-0.3935%exp (-
-0.4148*exp (-

figure(2)
plot (t,x1)
held on
plot (t, x2,
hold off
grid on

-0,
-0.
0.

L1793%8) .
1793*¢) .
1818*t) .
1818*t) .

0.1793*t).
0.
0
0

1793*t).

.1818*t) .
L.1B18*t) .

r——")

(;Eg)
8327*t) + 0.3427*sin(1.8327*t)) ..%

*{-0.0335*cos (1.

¥ {—-0.0335*%3in(1.8327*t) — 0.3427*cos(1.8327*t))
*{-0.5819*cos (0.7462*t))
*{(-0.5819*sin(0.7462*L));

* (0.0908%cos (1.8327*t) - 0.3177*sin{(1.8327*t}}
*(O 0908*sin(1.8327*t) + 0.3177*cos{1.8327*t}} ..
*{-0.5374*cos (0.7462*t) + 0.0395*sin{0.7462*%t))

* (= O 5374*sin{0.7462*t) — 0,0395%cos(0.7462%t));
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