MATHEMATICS 240 J. KRIEGER, N. RIMMER, S. SHATZ
FINAL EXAMINATION DECEMBER 12, 2007 9:00 AM

Answer all questions by circling the entire statement you deem correct in each question.
No books, tables, notes, calculators, computers or cell phones allowed. You may bring
one 8.5” x 117 sheet of paper bearing any handwritten material you deem necessary and
you may use both sides of this paper. No partial credit. Use the backs of your exam
pages for scratch work and calculations.
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I For the differential equation
y' Xy +xy=0

and the solution, y(x), determined by the initial conditions y(0) = 0 and y'(0) =1,
when we write y(x) in a power series, the coefficient of x* in this series is:

a) -1/24 b) 1/2 c) -1/6 d) 2/3 e) 0
1) Given the vectors: (1,t, -1); (0, 1, -2); (1, (s + 2), -s), find the condition on
t and s so that these vectors are linearly dependent.
a) s=2t+5 b) s=2t -5 c) t-s=5
dt+s=5 e) none of these
I1I) An iron bead is constrained to move along the x-axis and is acted on by a

varying magnetic field. The differential equation describing its motion is:
x"+(1/2) x" + 2x = cos(t).
Suppose x(0) =4/5 and x'(0) = 2/5, then x(3n/2) equals:

a) 4/5 b) 3/5 ¢) -2/5 d) 2/5 e) -4/5

Iv) Suppose A and B are 3 x 3 matrices and det A =x # 0 while det B=1y. Let
C be the matrix (2A)"'B, then det C is:

a) y/8x b) 2xy c) -2y/x d) 2y/x e) 8y/x
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V) Given a 4 x 4 matrix, M, we form the augmented 4 x 8§ matrix Y = (M | I) and
row reduce Y to row reduced echelon form. When this is done we get the new
matrix

1000
Y= 0100
0010
0000

If X =(x1, X2, X3, X4) and b = (by, by, bs, bs), where the x; are unknowns and the b;
are given numbers and each of X and b is viewed as a column vector, then we
consider the matrix equation MX = b and for it we can say:

a) For each b there is a unique solution, but it may not be Cb.

b) There are vectors b for which there is no solution.

c) For each given b there are always many solutions.

d) For each b there is a unique solution; it is Cb.

e) Need more information about M and b to decide among the above choices.

VI) Evaluate the line integral [c F-dr in which C is the curve r(t) = (t, t*, t) for
0 <t<1 and F is the vector field (&', x¢’, (z + 1)€e%).
a) 1/2 b) 2e c) 0 d) e e) e/2
VII) Recall that for a matrix its trace is the sum of its eigenvalues and its

determinant is the product of its eigenvalues. Which of the following is false?
a) There is a symmetric 3x3 matrix with an eigenvalue 2, trace 5 and det = 4.
b) For any 3 x 3 matrix, A, the matrix A(A") is always diagonalizable.

¢) Symmetric matrices always have an orthonormal basis of eigenvectors.

d) There is a symmetric 3x3 matrix with an eigenvalue 2, trace 5 and det = 6.

e) None of the above.



---------------- page 4
(Your name)

VIII) Consider the region Q whose boundary consists of twe curves: x> + y* =4

and x* + y* = oriented and labeled as shown in the sketch below. Write C for
the boundary of Q and let F be the vector field

F(x, y) = (y[(x = 1) +¥7], (x = D/I(x = 1) + y°]).

Then Jc F-dr equals:

a) 2w b) -4n c) 4n d) 0 e) -2m

IX) When we solve the differential equation
X2+ X)y" +2xy' -3y = 0
by the Frobenius method, the exponents, r, in the solution y =x" Y ¢;x' are:

a)r=+2 b) r=-14V3 ¢ r=+\3 d) r=+\(3/2) e) r==+1

X) Evaluate the line integral Jc (y + evx)dx + (2x — cos(y?))dy, where C is the
boundary of the region enclosed between the curves y = x> and x = y* and C is
oriented counter-clockwise.

a) 1/3 b) 3 ) 0 d w3 e)
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XI) Suppose A is the 3 x 3 matrix:
1 1 0
0 1 0
0 -1 2
Then

a) A has eigenvalues 1, 1, 2 and is not diagonalizable.
b) A has eigenvalues 0, 1, 2 and is not diagonalizable.
c) A has eigenvalues 1, 1, 2 and is diagonalizable.
d) A has eigenvalues 0, 1, 2 and is diagonalizable.

e) None of the above.

XII) For the initial value problem:

y' -3y + 2y = U(t-1; y(0) = 0, y(0) = 1,

in which U(t) is the function that is 0 when t < 0 and 1 when t > 0, the Laplace
transform of y, namely L(y)(s), is given by

a) 1/(s°—3s+2) + e%/(s(s°=3s +2)) b) 1/(s* = 3s +2) - e/(s(s* — 35 +2))

c) 1/(s*—3s+2) d) 1/s(s* - 3s +2)

e) Cannot be determined
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X111) Consider the surface, S, formed by the upper half of the ellipsoid

X+ y + 62 =1,

and write C for the circle x> + y* = 1 where S cuts the xy-plane. We use the

outer normal (upward pointing) to orient S so that C is traversed counter-

clockwise in the xy-plane (when viewed from above). Let F be the vector field
(sin(xz) +Vz, B+ zx - &, X -y - 2°)

Compute the surface integral [ls curl F-ndS:

a) -m b) n c) -3n d) 3n e) none of these

X1V) We solve the differential equation y” + (t— (£'/6))y = 0 by a series
Y a;t' and assume the initial conditions y(0) = y'(0) = 1.
Then the expression

(@)’ + (a3)° - a4

equals:
a) -1/3 b) 1/9 c) 1/12 d) -1/12 e) 1/6
XV) Write S for the part of the surface z = x* +y” over the disc x> +y* < 1

in the plane. We orient S so that its normal, n, points downward. If the vector
field, F, is given by: F(x, y, z) = (¢’ + x, ¢""® + sin(x), -z + xy), then the surface
integral [[s F-ndS equals:

a) 2w b) 4n c)m d) n/2 e) None of these.

(END OF THE EXAM)






