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ns with Complex Roots
{ its relation to the fundamental

olutions y; () = cos! and y,(1) = sin t. Notice, how-
jated with the harmonic equation is 2+ 1 = 0, which
has imaginary roots 7 = + i, where i denotes \/—1." In the previous section, we Cxprc;scd the
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functions. It would at one might be able to attribute a meaning to the forms ¢
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calculations of Example 1.
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We also remark that a gon pWe .

real differential equations su.lcecm e
parts. Systems are discussed in Chap

4.3 EXERCISES

In Problems 1-8, the auxiliary equation for the given differ-
ential equation has complex roots. Find a general solution.
1. "+ 9y =0 2. 'ty =10
$h 2'=6" 10z = ©) 4. y"=10y" + 26y = 0
S, w'+4w' + 6w =0 6. y'=4y'+7y =0
7. 4" +4y" + 6y = 0 8. 4y"—dy' + 26y =0
In Problems 9-20, find a g
9. y'—8y' + Ty =0
11. 2"+ 10z’ +25; = ¢
TR 37 =27 o 26y = ()
15s 7= = Ily =0
1758y —y' + Ty =0
19. y™ + "

eneral solution.

10. y" +4y" + 8y =0
12, "+ 74 =

14. y" +0y" + Sy =0
16. y" + 10y’ +41y =
18. 2y" + 13y’ — =
T =Gy= ) 20NV Y'+2y =

8ven initial yalye problem
2L y"+2y'+2y =g, 02 ()=

22, Y+ + 17y = ¥(0) = 1 ) ="
23wyl o), 8 0

wtion (1)
£ 1y, 8 general s

28.

29,

30.

To see the effect of changing the parameter binih
value problem

YHby' +4y =0; y(0) =1, y(0)=

solve the problem for p — 5, 4, and 2 and skt
solutions,

Find a generg] solution to t
€quations.

) T e e
(b) y” + 2y 1 Sy’ =26y = 0
© ¥+ 13y 4 36y = 0

Using the re
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complex-va
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24. y"+9y=0; y(0) =1, 7\,"(.(»}) —
25. y'=2y'+2y = 0; y(m) =€, y'(m)=(
26. y'=2y'+y=0; y(0) =1, y'(0)=- 3
27. y"=4y"+ Ty =6y = 0; y(0) =1, y(0)
yu(()) = 0
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1 yibrating Spring  without Darmoin:
. apring without darmiping
alie pluhb m (V1) in $rar

@) Ifm = 10kg k 250 k
y'(0) 0.1 m
for this undar
(h) After how/ 1m
first cross the equilibr
When the equation o
in(9), the motion 7
quency 3/ 27
the spring systers
43, Vibrating Spring w
4 vibrating spring with damp
(a) Find the equation of
spring with damping if
k = 250 kg/sec,
—0.1 m/sec.

(¢)

ith Damping

&
>
=
Q
]
=
Q
=
g8
B
3
,
?

(b

first cross the equi
(c) Find the frequency

system of part (a).

frequency given in Prob
(d) Compare the resulis

determine what effect the damping

frequency of oscillation. What

have on the solution?

34. RLC Series Circuit.
cuit consisting of a resistor. capacitor.
electromotive force (see Figure 4.9). w
initial value problem of the form

H

dl q
20) L—+RI+—==E(t
) dt C
q(o) =4
1(0) =109

where L is the inductance in henrys, R is the resistance
in ohms, C is the capacitance in farads, E(1) is the
electromotive force in volts, g(t) is the charge in cou-
lombs on the capacitor at time 7, and / = dg/d! is the
current in amperes. Find the current at time 7 if the
charge on the capacitor is initially zero, the initial cur-
fent is zero, L = 10 H. R = 20 0, C = (6260)"' F,
and E(z) = 100 V. [Hint: Differentiate both sides of the

37.

to solve initial value problems, as illustrated in Example 1.
The coefficients d; and d, are complex constants.
(a) Use the form (21) to solve Problem 21. Verify that
your form is equivalent to the one derived using (9).
(b) Show that, in general, d; and d, in (21) must be com-
plex conjugates in order that the solution be real.
The auxiliary equations for the following differen-
tial equations have repeated complex roots. Adapt the
“repeated root” procedure of Section 4.2 to find their
general solutions:
@ y'+2y"+y=0.
(b) y¥+4y" +12y" + 16y’ + 16y =

0. [Hint: The
auxiliary equation is (/2 +2r +4)° = 0]






