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1. (4x4pts) Choose one corresponding differential equation from the list below for each of

the following mechanical systems. Write your answers in the boxes provided.

e Mechanical Spring Systems:

(i) undamped, free, natural frequency = 4 F

(ii) overdamped, free G

(iii) undamped, forced, with resonance, natural frequency= 3 C

K‘_.-

(iv) damped (not overdamped), forced, no resonance

e Differential Equations List:

(A) y" — 16y = cos(4t)
(B) v'+y' +2y=0
(C) ¥" + 9y = sin(3¢)
D) vV"+2y+3y=0
(E) 2" +32y=0

(F) "+ vy + vy =sin(4t)
(G) v +3y +2y=0

(H) ¢" + 2y +y = cos(3t)



2. (8+8pts) The 8th order homogeneous, linear, constant coefficient differential equation

y® — D~ 5y© 4 1190 — 22" + 249" — 8y’ = 0
has characteristic equation
(r* = 2r +2)(r —1*(r+2)% =0

(i) Write the general solution to the homogeneous differential equation

y® — D 5y ® 1119 — 299" 4 249" — 8y = 0
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(ii) Write the FORM of the particular solution Yp used in the method of undetermi-

nate solutions to solve the non-homogeneous differential equation
y® — (D — 550 L 1190) — 29" + 249" — 8y = f(z)

where
flz) =€" (x sin(x) + cos(2z) + x) +ore2 4

(Do not plug into the differential equation to solve for the coefficients.)
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3. (5+5pts) Compute the following Laplace transforms:

i) £{e*cos(t) +tu} — WZ ?g T costit j{ Uq e ((%-WH‘H}E
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4. (6+06pts) Compute the following inverse Laplace transforms (without using convolutions):
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5. (21pts) Solve the following initial value problem (without using convolutions):

1, 0<t<1
' +y=0(t—4)+ f(1), y(0)=1, #(0)=2 where f(t)=<2—¢ 1<t<?2

0, 2<t
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6. (5+5pts) Compute the following convolutions using the indicated method.

(i) t * e®* (use the definition of convolution)

AT 7(" oe wl_ 232" o
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(i) wug % 0(t — 3) (use the convolution theorem)
r o 2% ~ 33 — L=
% cony plution Theo e, { U, % $(t-3) % = 6 e =e ]
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7. (15pts) Find a function g(t) # 0 with the property that £ {dt (g % f)} = L{f} for all
functions f(¢).

(To receive credit, you must show that your function has this property.)
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