Math 307i Midterm 1 Answers Winter 2011
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The differential equation is 2u” + 6u’ + 29u = 0. The roots of the characteristic equation
are —3/2 & 7i/2. The general solution is e=3%/2 [c; cos(7t/2) + cosin(7t/2)] . Using the initial
condition u(0) = 1, we get that ¢; = 1. Then using the condition «'(0) = 0, we find that
cg = 3/7. So our final solution is

e =32 [cos(Tt/2) + (3/7) sin(7t/2)] .

If we write they function as a pure cosine function, we have u = @6_3” 2 cos(7t/2—6). Since
1/4in = 1/48 ft, we set @e‘3t/2 = 1/48 and solve for ¢ to get

2 7
t=—=1In ~ 2.64s.
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The solution to the homogeneous version of the equation is y;, = c1e® 4 coe 2. The particular
solution will be of the form Y = At2e5 + Bte®. Taking derivatives, we get
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Then we find A = —1/14 and B = 1/49, so the general solution is
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Yy = c1e” + coe 11 e’ + 19 e

Make a substitution u = /. Then the equation is tu’ — 5u = 0. This is separable, and we get
u = c1t°. Integrating, we get

y:/udt:cét6+02-

As long as ¢ is not zero, this is a nonconstant solution. I would probably pick

The particular solution is of the form Y = Acos2t + Bsin2t. Since there is damping, the
solution to the homogeneous version of the problem has an exponential term, so this Y is not
a solution to the homogeneous version. We get a system of equations

—2A-3B=1
—3A+2B=2
The solution is A = —8/13 and B = 1/13. So the steady state solution is

[ —(8/13) cos 2t + (1/13) sin 2t. |

The initial value problem is mu” + 49u = 0,u(0) = 0.25,4/(0) = —1. The solution is
0.25 cos(7t//m) — (v/m/7) sin(7t//m). The amplitude is 1/(0.25)2 + (m/49). If we set this

equal to 0.5 and solve for m, we get | m = 9.19kg.
2
The period is " If we set this equal to 1 and solve for m, we get |m = 1.24kg.
7/v/m




