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St udent Nunber: Exam Nunber :

Read Me First: Read each problemcarefully and do exactly what is
requested. Full credit will be awarded only if you show all your work
neatly, and it is correct. Use conplete sentences and use notation
correctly. Remenber that what is illegible or inconprehensible is
wort hl ess.  Communi cate. Good Luck!

1. (100 pts.) Solve each of the following differential equations or
initial value problens. |[If an initial condition is not given, display the
general solution to the differential equation.

(20 pts./part)

(a) g% < tan(8)r = 2cos?(6)
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1. (Cont i nued) Sol ve each of the following differential equations or
initial value problens. |[If an initial condition is not given, display the
general solution to the differential equation.

(20 pts./part)

(c) (4y? + xy + x?)dx - (x¥)dy =0

2
(d) g_xyf +y = cot(x)
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1. (Cont i nued) Sol ve each of the following differential equations or
initial value problens. |[If an initial condition is not given, display the
general solution to the differential equation.

(20 pts./part)

(e) (y%)dx - (ye* -2y)dy =0

2. (20 pts.) (a) If

-1, 1if 0<t<3
f(t) ={2t-7 , 1if 3 < t<5
3, if 5< t,
then QL{r(e)}(s) =
(b) Wite f(t)y =9 *{F(s)}(t) 1in piecew se defined formwhen
F(s) = 4:975 e T,
s® + 4

£(t) =4 *{F(s)} (L) =
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3. (30 pts.) Solve each of the followng first order initial-value
probl ens using only the Laplace transform nachi ne.

(a) v/(E) - y(t) =efcos(4t) ; y(0) = 2m.

(b)

x'(e) + 2y(¢) cos (2¢)

—2x(t) + v/(6)
x(0) =0 and y(0) =0.

sin(2¢t) ,
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4. (15 pts.) (a) Oontain the differential equation satisfied by the
famly of curves defined by the equation (*) bel ow

(b) Next, wite down the differential equation that the
orthogonal trajectories to the famly of curves defined by (*) satisfy.

(c) Finally, solve the differential equation of part (b) to
obtain the equation(s) defining the orthogonal trajectories. [These, after
all, are another famly of curves.]

(*) y=cx>

5. (10 pts.) The equation
Xy’ -y’ +xy =0

has a regul ar singular point at x, = 0. (a) Find the indicial equation of
this OD E at x, = 0 and determine its roots. (b) Then, using all the

i nformati on now avail abl e and Theorem 6. 3, say what the general solution at
Xo = 0 looks like without attenpting to obtain the coefficients of the
power series functions invol ved.
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6. (15 pts.) (a) (5 pts.) otain the recurrence fornul a(s)
satisfied by the coefficients of the power series solutiony at x, = 0, an
ordi nary point of the honogeneous ODE

y'' - 2xy = 0.
(b) (5 pts.) Conpute the first five (5) coefficients of the power series
solution y, that satisfies the initial conditions y(0) =1 and y'(0) = -1.

(c) (5 pts.) Suppose vy, is the unique solution to the ODE which
satisfies the initial conditions y(0) =1 and y'(0) = 2. Determne, with
proof, whether y, fromPart b, and y, are linearly independent.

7. (5 pts.) Qotain the initial-value problemneeded to solve the
foll owi ng probl em whi ch uses Hooke’s | aw but do not attenpt to solve the
differential equation or initial-value problemyou obtain. Be sure to
state what your variabl es represent using conplete sentences.

/1 An eight pound weight is attached to the | ower end of a coil spring
suspended froma fixed support. The weight cones to rest inits

equi libriumposition, thereby stretching the spring 6 inches. The weight
is then pulled down 9 inches belowits equilibriumposition and rel eased at
t = 0. The nediumoffers a resistance in pounds nunerically equal to 4x’,
where x' is the instantaneous velocity in feet per second. Assum ng there
are no externally inpressed forces, determ ne the displacenent of the

wei ght as a function of tine.//
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8. (5 pts.) GCircle the letter corresponding to the correct
response: If F(s) =Htsin(bt)e2}(s) ,then F(s) =

@ (2t © St

(¢) 2b(s -a) (d) [ 2bs },[ 1 }

((s-a)7b7) (57 b7° | |52

(e) {SZEbZH(S_la)Z} (f) None of (a) through (e).

10 Scream ng Yel | ow Bonkers Bonus Points:
What' s the exact value of the follow ng definite integral

fm\cos(t)|e’t de ?7?
6]

Hi nts: (a) Yes, this may be viewed in ternms of the Lapl ace
transform
(b) Yes, those are absolute val ue bars.
(c) Yes, |cos(t)]| is mperiodic.
(d) No, you don’t have to do integration by parts, but

tanstaafl applies. Do you grok the unit stepping
dance, the heavy side of thinble rigging??



