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Multivariable Calculus and Matrix Algebra, MATH 2010
Final Exam, 11.30am~2.30pm, Wednesday, May 8, 2002.

You may use four sheets of handwritten notes, but no other sources. Answer the first three problems
and any three of the remaining six problems. Please show all work clearly and in reasonable detail.
Answers without appropriate supporting work or requested explanations may not receive full credit. No
books or calculators allowed.

Please enter a code above. This code will be used to display grades. The grades will be available via
SIS and from the course web page in the next few days.

Please ring your section below.
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MCMA, Final Exam A, Spring 2002 1

Answer completely questions 1, 2, and 3.

1. (15 points) Consider the system of equations Az = b, where

10 a 3 1 P
A=101 2 ¢ ,b=|1},andg=1|¢
31 3a+2 a+c 7 r

(a} For what value(s) of @ and ¢ does Az = b have infinitely many solutions?
(b) For what value(s) of a and c is the system Az = b inconsistent?

(c) Let @ = ¢ = 1. For what value(s) of p, ¢, and 7 does the system Az = g have a unique solution?
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RSk

(a) (5 points) What are the eigenvalues of A?
(b} (10 points} Find a matrix S that diagonalizes A.
(¢} (5 points) Calculate A7d. What is limy .o, A*H?
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For what value(s) of a, b, and ¢ are the three vectors u, v, and w orthogonal?

3. (20 points)

(a) (10 points) Let
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(b) (10 points) Let
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4
Answer any three of the following problems 4 through 9
4. (15 points)
(a) The temperature at the point (z,y) on a metal plate is
 Zz
T
i. (5 points) Find the direction of greatest increase in temperature from the point (4, 3).
it. (5 points) Find the directions of no change in temperature from the point (4, 3).
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{(b) (5 points) Find the absolute extrema of the functlon f(z,y) = (2z +y — 1)? over the triangular
region in the zy-plane with vertices (0, 0), ), and (0,1).
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5. (15 points) The center of mass of the square lamina with vertices at (0,0), (2,0), (0,2), and (2,2)
with constant density is at the point (1, 1).

(a) (9 points) Make a conjecture about how the center of mass (Z, §) will change for the nonconstant
densities p(z,y) given below. Mark your estimate on the picture.
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(b) (6 points) Find the mass and center of mass for one of the densities in part 2a.
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6. (15 points) Use Green’s Theorem to find the area inside the ellipsoid 2+ 9% = 9.
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7. (15 points) Let
-1 10
= 0 2 3
-2 4 3
)

(a) (5 points) Find a basis for the range (column space) of A.

TZGLJ fl’/"(““ 4, (ﬂ»(a Ca(w-m Caf/"]""v’(""j f {(;.,,(,;.7 e )

{ O T J — O | f 3
j /L L{, j /IJ‘J ﬂl O ‘ { j
ﬂ .—n\., { - ( , J
iy
{ / 7

0 e Uf[j‘(j’ﬁéjf = 3vi v

CZV&[{ Iv'ev V7
]3\/4«3‘;



MCMA, Final Exam A, Spring 2002

(b) (5 points) Find a basis for the nullspace of A.
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(c) (5 points) What are the nullity and rank of A?
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8. (15 points) Answer the following either TRUE or FALSE. Give short justifications for yOur answers.
Each part is worth 3 points.

rd
(a) Let u and v be two linearly independent vectors in JR®. Then there exists a vector T{““
w € R® such that {u,v,w} is a basis for RS,
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(d) Let A and B be n x n matrices. If A and B are both nonsingular then AB is (Aud
nonsingular.

'
(e} The vector u = { 1 } is an eigenvector of A = [ ? _; J {A e
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6 4-92 9 1
A=[4—2a 3a l ””3{1]’ ”zt[—2]

for parameters a, 8, and ¢.

9. (15 points) Let

(a) (5 points) Show that u and v are eigenvectors of A for any choice of a.

(b) (5 points) What is the largest eigenvalue of A when a = 37 What is the largest eigenvalue of A
when a = 17
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