Solutions, 316-XI (S’04)

April 22, 2004

1 Problem 5.2.2

Find general solution and plot the direction field:

Ty =231 + 310, Ty =211 + Ty .

(2)-(2)
=e

T9 (%)

— P —3r—4=0—r=

)
)
) , 7‘2=—1,3U1+3U2=0—>V2=< 1)
)

-1
+ Cgeit ( _1 >
function draw/()

axis([-2 2 -2 2]); X1 = linspace(-2,2,21); Y1 = linspace(-2,2,21);
hold on

pp(@f,@g,X1,Y1,’x",’y’, direction field’,’r’,0);

function xp = f(x,y)

xp = 2%x +3%y ;

function yp = g(x,y)

yp = 2*x + y;
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2 Problem 5.2.9

Find general solution and solution to IVP and plot the direction field

Ty =2 — bxy , Th =4x) — 229 ; 1(0) =2 ,29(0) =3 .

Solution:
Vector form:
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function draw()

axis([-2 2 -2 2]); X1 = linspace(-2,2,21); Y1 = linspace(-2,2,21);
hold on

pp(@f,@g X1,Y1,’x’,’y’, direction field’,’r’,0);
function xp = f(x,y)

Xp = 2*X _5*y ’
function yp = g(X’y)
yp = 4*x -2%y;
direction field
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3 Problem 5.2.12
Find general solution and plot the direction field:

! !
Ty =21 — DTy, Ty =1x1+ 372 .



Solution: Vector form:
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function draw/()
axis([-2 2 -2 2]); X1 = linspace(-2,2,21); Y1 = linspace(-2,2,21);
hold on

pp(@f,@g, X1,Y1,’x’,’y’, direction field’,’r’,0);

function xp = f(x,y)

xp = x -5%y ;
yp = x +3%y;
direction field
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4 Problem 5.2.41

The coefficient matrix of the 4 x 4 system

fL"l = 4371 + To + rs + 7?[)4
xhy = mm + 4dzy 4+ 10x3 + 14
zh = x1 + 10xe + 4dxs + 14
xy = Txy + Ty + T3 + 4dxzy
has eigenvalues 7, = —3, 7o = —6, r3 = 10 and r, = 15. Find the particular

solution of this system that satisfies the initial conditions
.’1?1(0) =3 s LEQ(O) = $3(0) =1 y l‘4(0) =3.

Solution:

The matlab script syss.m provided, with matrix:
A=[411714101;11041;7114];

and initial vector:

x0 = [3;1;1;3];
produces the output:
D = —-6.0000 0 0 0
0 —3.0000 0 0
0 0 10.0000 0
0 0 0 15.0000
V. = 0.0000 —1.0000 —2.0000 —1.0000

—1.0000 —0.0000  1.0000 —2.0000
1.0000  0.0000  1.0000 —2.0000
—0.0000  1.0000 -—2.0000 -—1.0000

C = 0.0000

—0.0000

—1.0000

—1.0000

so that the particular solution is
-2 -1
1 -2
_ _lot _ 15t

x(t) = —e 1 e 9
-2 -1



5 Problem 5.2.45

Find the general solution of the system x’ = Ax with matrix

9 -7

—12 7

A= 24 17
—-18 13

Solution:
The matlab script syss.m, with matrix:

A=[9-7-505-12 711 9;24 -17 -19 -9;-18 13 17 9;

gives:

—3.0000 0
0 6.0000
0 0
0 0

1.0000
1.0000
1.0000
—1.0000

so that the general solution is:
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6 Problem 5.4.3

Find the general solution of the system:

1 2],
X—2 5 .

Solution:
The eigenvalues:

1—7r -2

det[ 9 5_p

]=0—>r2—6r+9=(r—3)2=0—>r=3 (double)

The eigenvector:

(1—r)v1—2112:0—>v:<_1>

The generalized eigenvector:

(1 =r)u; —2us = vy, 2u; + (5 — r)ug = vy — let uy =0 then u; = —1/2

(%)

x(t) = ¥ [C1v+ Coy (tv +u)] .

1.e.

so that the general solution is



7 Problem 5.4.4

Find the general solution of the system:
x = 3 —1 x
11 5 )

Solution:
The eigenvalues:

3—r —1

det[ 15—,

]=O—>T2—8r+16:(7‘—4)2=0—>r=4 (double)

The eigenvector:

(3—r)v1—v2:0—>v:<_1>

The generalized eigenvector:

B—71)uy —us =v1 , ug + (5 —r)ug = vy — let ug =0 then u; = —1
u— -1
- 0

x(t) = e* [C1v 4+ Co (tv +u)] .

1.e.

so that the general solution is



