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1. (20 points) The matrix
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has eigenvalues A\; = 1 and Ay = 3. Find corresponding eigenvectors v1 and
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2. (30 points) Let A be the 3 x 3 matrix with eigenvalues \; = 2, A2 =0, and )3 = —1; with

1 1 -9
corresponding eigenvectors v} = [ 0 J, Uy = [ 1 J and vz = | 1 J
1 1 1

(a) (10 points) What is the kernel (or nullspace) of A?
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(b) (8 points) Find the rank of A. 5 S /3 l:j
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(¢) (12 points) What subspace of R® is the image of A? Describe the image of A in the form
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3. (35 points) Find a particular solution Yp(t) for the nonhomogeneous differential equation

Y (t) — 49/ (t) = otet.
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5 3 6
A= -10 -8 -10

4. (40 points) The matrix

4 4 5
1
has eigenvalues \; = —1, )\, = 2, and A3 = —3; with corresponding eigenvectors v = | 0 ,
-1
-1 0
5 = 1 and v3 = | —2 |. Consider the nonhomogeneous system of first-order DEs
0 1
T'(t) = AZ(t) + b,
3 071
where b= | -2 |. A particular solution is Zp(t)= | 1 | (a constant solution).
1 -1
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(b) (15 points) Find the solution which satisfies the initial condition Z(0) = [ -5 } .
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5. 25 A certain piano plays the “A” above middle “C” on two strings. The piano tuner finds
that one string sounds sharp, vibrating at 442 Hertz (442 cycles per second). The other string
sounds flat, vibrating at 438 Hertz. Both strings are struck at the same time ¢ = 0, producing
sound waves f1(t) and f,(t) with initial conditions f;(0) =1 = — f2(0) and f7(0) = f5(0) = 0.

(a) (15 points) Write the two sound waves using angular frequencies w; = w + § = 442/(2m)
and wy = w — § = 438/(2n).

[l)= cx(ot) = s (_z_f_%z, t)

(b) (10 points) Write the sum of the sound waves in the form of a product of sine functions.
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