SM212 Final Multiple choice, Spring 2003-2004
May 4, 2004

In accordance with the relevant USNA instruction, this exam is subject to USNA and federal regulations
regarding sensitive and classified material.

There are 15 problems in this part.

Show your work. You can use math tables and TI-92°s but no text books, notes, cell phones, or PDAs.

1. A thin rod of length 7 and thermal diffusivity k = 2 has initial temperature u(z,0) = sin z+sin 2x.
If its ends are kept at temperature zero at all times, the limiting temperature tli_)ngo u(%,t) of the midpoint
of the bar is

(a) 0 (b) —1 (c) e72 d) e8 (e) 1

2. A thin rod of length 7 and thermal diffusivity k& = 2 has initial temperature u(x,0) = sin z+sin 2z.
If its ends are kept at temperature zero at all times, the temperature u(7, 1) of the midpoint of the bar
at time ¢ =1 is

(a) et e2 (b) 0 (c)e24e8 (d) 1 (e) e=2

3. A thin rod of length 1 and k£ = 1 has insulated ends. Its temperature at time ¢t = 0 is given by
u(z,0) = z3. The value of tllglo u(%, t) (the temperature at the midpoint of the bar after a long time) is

(a) 3 (b) 0 (c) 3 (d) 3 (e) 1/4

4. If the equation of motion for an object attached to a vibrating spring is z(t) = 3 cos(2t) — 4 sin(2t)
then its amplitude is
(a) 2 (b) 3 (c) 4 (d) 5 (e) none of these

5. If the equation of motion for an object attached to a vibrating spring is x(t) = 3 cos(2t) — 4 sin(2t)
then the phase shift (i.e., the angle ¢, where x(t) = Asin(wt + ¢)) is

(a) /2 (b) 0 (c) 2tan—1(3) (d) 2tan—1(1/3) (e) none of these
6. The ODE ¢/ = 2y + y is
(a) separable (b) 1st order (c) linear (d) homogeneous (e) all of the above
7. The ODE ¢ = zy + z is
(a) separable (b) 1st order (c) nonlinear (d) homogeneous (e) none of the above

8. The general form of the partial fraction decomposition for

s+1
(s*=1)
is
As®+ Bs? D As+B D A B
(a) ALEBEHCED () AB g € D (o) A+ L
(d) A + D+ S+, (e) none of the above
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9. The appropriate guess for y” + 5y = xsin(2z) is

(a) Azsin(2x), (b) (Axz + B)sin(2x), (¢) Azxsin(2x) + Bx cos(2x),

(d) Asin(2z) + B cos(2x) + Cxsin(2z) + Dz cos(2x), (e) none of the above.

10. A spring-mass system is governed by 2z” + 98z = 10sin(wt). The system has mechanical
resonance when w =

(a) 7, (b) V98, (c) 1, (d) o, (e) none of the above.

11. The differential equation for the velocity v(t) of a falling mass, subjected to air resistance

proportional to v, is

dv __ _
mg =mg — kv

where k£ > 0. The positive direction is downward. The limiting velocity v, = tlim v(t) is
—00

(a) % (b) £ (c) %2 (d) mig (e) none of the above.
12. The convolution ¢txt*t*xt*t =
(a) s% (b) g (c) t° (d) S — (e) none of the above.

13. The Laplace transform L{te!sin(t)} is

1 1 —2(s—1)
(8) #erneD () == () T=1prip
(d) % (e) None of these.

14. Consider the Fourier series of f(z) = |x| on the interval [—m, w].The Fourier coefficient b; is
-2  (b) =2 (©)0 (@) 2.

™ ™

15. Again consider the Fourier series of f(z) = |x| on the interval [—m, 7].The Fourier coefficient a1
is

(a) =2 (b) 22 (c) 2/m (d) =

™
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