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Page 344: Problems 2,4,19

In each of Problems 1 through 4 transform the given equation into a system of first order equations.

2) u” 4+ 0.5u 4 2u = 3sint

Ty = @9
xh + 0.5z + 2z, = 3sint

Hu" —u=0
x] = X9
xh =3
Th =14
Ty =1

19) Consider the circuit shown in Figure 7.1.4. Use the method outlined in Problem 18 to show that the
current I through the inductor and the voltage V across the capacitor satisfy the system of differential
equations

dl dv

—=—1-V, —=2I-V
dt Todt

R =1ohm
L=1h
R =2 ohms bl
_1
C= 5 farad
FIGURE 7.1.4 The circuit in Problem 19,

VR2+VC+V =0 Ci//l_ };2 V:—2(0.5V/—I) . Vi =2 -V
Li+I+13=0 RiIs+ LI, = —Vo



Page 356: Problem 21 c,d

In this problem first write each of the matrices as a “matrix with constant coefficients” times “vector-valued
function”. Then perform the operations.

et 2e7t 2 2¢t et 3%
If A(t) = |2e! et —€?| and B(t) = |—e! 2e7! €2 | find
—et 3e 7t 2e% 3t —e7t —e2t
0 dA
@ et —2et  2e2
% = [2¢t —et —2¢%
d —et —3e7t  4e?t

d) [ A(t)dt

. (e—1) —2(et—1) 62%—1 1 2! 05(+1)
A)dt = |2(e—1) —(e'=1) —SF|=(e—-1) |2 e —05(+1)
0 —(e—1) —3(e1-1) -1 -1 3e7' (e+1)

Page 365: Problems 14, 30

14) Let x((t) = [tit]’ x® (1) = m

Show that x(1(#) and x)(t) are linearly dependent at each point in the interval 0 <t < 1.

Va € [0,1], M (a) = e [ﬂ G th] — 2 =% — linearly dependent

Nevertheless, show that x(1)(#) and x()(t) are linearly independent on 0 < ¢ < 1.

Gt:C

Assume dependent = Vt € [0,1], 2 () = @ (1), ce C = {t by = impossible
el = te

- 2 (t) and £ (¢) are linearly independent

30) Prove that A = 0 is an eigenvalue of A if and only if A is singular.

aill alg ... Qin
a1 a1 ... Ay
A= "
anl Ap2 ... Qpp
If X\ is an eigenvalue of A, then:
(CL11 — )\) a2 QA1n
asl (a21 — A) aon —0
Gnl an2 e (A — N)



If A =0, the above matrix is the same as the matrix A, therefore det(A) has to be zero.

Find eigenvalues of the matrix A:

(a11 — )\) a1 QA1p
as (CL21 — )\) aon _ 0
Gnl ano e (Qpn —N)
If the determinant of matrix A is 0, then:
(a11 —0) a2 G1n,
az (a21 —0) ... “n | Z det(A) =0 —> A =0
anl An2 e (apn —0)

Therefore A = 0 is an eigenvalue of a singularm matrix.

Page 381: Problems 7,17

In each of Problems 7 and 8 find the general solution of the given system of equations. Also draw a
direction field and a few of the trajectories. In each of these problems the coefficient matrix has a zero
eigenvalue. As a result, the pattern of trajectories is different from those in the examples in the text.

[+ -3
x [8 —G]X
'(4@ (—6_3)\)’:0:> (A=N)(=6-A)+24=X1242X=0 => A\ =0,A\y = —2
weos il = B = =]
wee )= ] = =l



In each of Prob

solution as t —
1 1

xX'=]0 2
-1 1
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Page 391: Problem 25

25. Consider the electric circuit shown in Figure 7.6.5. Suppose that R1 = R2 = 4 ohms, C = 1/2 farad,
and L = 8 henrys.

R4

FIGURE 7.6.5 The circuit in Problem 25.

a) Show that this circuit is described by the system of differential equations

il = [2 Al

where 1 is the current through the inductor and V is the voltage drop across the capacitor

itor. Hint: See
Problem 18 of Section 7.1.
Vreo+ Vo =0 RoI; =V
VR2+VC+V =0 Ci/’l— };2 _V=aGyen L fVi=2 gy
ot ie =R o e T e AT +81' = -V I'=—31 -3V
L+1I,+1I3=0 R1[3+L13:—VC

1 _1
) i 1 B 1
“dt |V 2 —5| |V
(b) Find the general solution of Egs. (i) in terms of real-valued functions

1 2 ) 1 2 1
)\1 2—2’V1_|:4:|7)\2——2+2,V2—|:_4:|

eM = 73t + cos t/2) —isin(t/2)

e = ¢73 + cos /2) + isin(t/2)

(
[XI/] = e [4122?%2 +4j1:uf /32 ] [ Z Eﬁigffﬁi _ lens(li/(?z)]

omae = [ e ] cer )

N



(c) Find I (t) and V (t) if I (0) = 2 amperes and V (0) = 3 volts.

2=ci, 3=—4d¢y — [‘I/] =2¢73! [4(:5(,)1811(;15//22))] N Ze_%t [—ii?ézg/)?)]

(d) Determine the limiting values of I (t) and V (t) as ¢ — oco. Do these limiting values depend on the

initial conditions?

For both I and V, as t — oo, both values approach 0, as the term e"3t approaches 0, no matter the
initial conditions.



