Solutions, 316-XIX

April 10, 2003

7.8i13,15%,21,23* 24,29*%; CAUTION: there may be errors!!!

1 Problem 7.8.15
Solve the given IVP:
y'+2y =3y=0(t—-1)-6(t-2); y(0)=2, y'(0)=-2.

Solution:

Ly +2y -3y} = L{o(t—-1)—6(1t—2)} =
(5°+25—3)Y(s) —25+2—-2 = ¢ —¢2.
Solving for Y (s) (and using the partial fractions expansion 1/(s? +2s—3) =
1/4(1/(s —1) — 1/(s + 3)) we have

2s +e5 1 — 5?2
$24+25—3

1 N 1
= Z(Qs—l—eSI—e 2)<5—1_s+3)

12s—1)+2+et—e2 12(s+3)—6+e' —e2

Y(s) =

4 s—1 4 s+ 3
B 1+12+es—1—es—2 1+16—es_1+es_2
2 4 s—1 2 4 s+3
11 3 1 L/ as ( 1 1 )
- 25—1+23+3+4(e ) s—1 s+3
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and inverting the transforms we find:

y(t) = %et + ;e&t + i (f(t—Du(t—1) = f(t —2u(t —2))
where 1 1
1) :£_1{3—1 B s+3} =e —e.
Then
Ft—1) = et — 30D |
and

flt—2)=¢e"2 — 302

Putting it all together:

%€t+%e—3t , 0<i<1
tel 4 2o 4 elh — 1e7307) —defm2 4 173072 2 << 00



2 Problem 7.8.23

Solve the IVP and sketch the solution

y' +y=—0(t—m)+d(t—2m); y(0)=0, y'(0)=1.

Solution:
SY —14+Y = —e ™ 4y 215 o
(82 + 1)Y — 1 _ €—7Ts +€—27rs =

1 e s 6727rs
— =
5241 32+1+s2+1
y(t) = sint —u(t —7)sin (t — ) + u(t — 2m) sin (¢ — 27)

sint , 0<t<m,
y(t) =< 2sint , 7<t<2m,
3sint , 2r<t< o™

graph of y(t) = sint(1+u(t-m+u(t-2m)

3 T T T
—— response y(t)

for i = 1:201
x23(i) = sin((i-1)*pi/100);



end

for i = 102:201

x23(1) = 2*x23(i);

end

for i = 202:601

x23(1) = 3*x23(i);

end

t = linspace(0,1,31);

z = linspace(0,pi,201);
plot(z,x24,-")
xlabel(’t’,’Fontsize’,14)
ylabel(’x(t)’,’Fontsize’,14)
title(” graph of x(t) = cos3t(1-u(t-7/2))’)
legend ("response x(t)’,1)



3 Problem 7.8.29

A mass attached to a spring is released from rest 1 m below the equilibrium
position for the spring-mass system and it begins to vibrate. After 7/2 sec,
the mass is struck by a hammer exerting an impulse on the mass. The system
is governed by the symbolic IVP:

d’z T dz
R = — —_ N = ]_ _ =
=35 (t 2) 2(0)=1, Z(0) =0,

where z(t) denotes the displacement from equilibrium at time ¢. What hap-
pens to the mass after it is struck?

Solution:
X —s+9X = —3e7/2
X = 3219 a <92i—96_37r/2:>
x = cos 3t —sin 3(t — g)u(t— g) = cos 3t — cos 3tu(t — g)
m < z
x(t) = cos 3t (1 —u(t — 5)) = { SOS 3t : gﬂ_gt t<<20,o
1 91aph of X = GosdU1-ul-12)
— response x(0
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fori = 1:201
x24(1) = cos(3*(i-1)*pi/200);

end

for i = 102:201
x24(i) = 0;
end

t = linspace(0,1,31);

7z = linspace(0,pi,201);

plot(z,x24,’-")

xlabel(’t’,’Fontsize’,14)
ylabel(’x(t)’,’Fontsize’,14)

title(’ graph of x(t) = cos3t(1-u(t-7/2))’)
legend ("response x(t)’,1)



