MATH 346: ELEMENTS OF LINEAR ALGEBRA
FINAL EXAMINATION R

May 21, 2019

FILL OUT THE INFORMATION IN THE BOX AND SIGN.

Last Name: First Name:

Email:

I pledge that the work on this exam is entirely my own.

Student signature:

READ THE FOLLOWING INFORMATION.

DO

This is a 135-minute exam.

The maximum possible score is 85.

Please obtain the tables of standard distributions from the proctor.

A calculator is allowed. Other materials, books, notes, and other aids are not allowed.

You may use the backs of the pages or the extra pages provided by the proctor for
scratch work. Do not unstaple or remove pages as they can be lost in the
grading process.

Please do not put your name on any page besides the first page.
Read and follow the instructions for every problem.

Show all relevant work for purposes of partial credit. Full credit may not be given
for an answer alone unless specifically mentioned.

Justify your answers. Full sentences are not necessary but English words help.
When in doubt, do as much you think is necessary to demonstrate that you understand
the problem, keeping in mind that your grader will be necessarily skeptical.

Your scratch work on any scrap papers will not be graded. Your work on the exam book
will only be graded.

NOT BEGIN THE EXAM UNTIL SIGNALED TO DO SO.
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MC (24 points). This part consists of 12 multiple choice questions. Nothing more than the
answer is required, consequently no partial credit will be awarded. Do not indicate your
answer here as pages 1—3 will not be read. Fill your answer on the bubble sheet

on page 4.
1. The determinant of any matrix A is the product of its diagonal entries.
2. An elementary row operation on a square matrix A does not change its determinant.
3. (detA)(detB) = (detAB).
4. If A+ 5 is a factor of the characteristic polynomial of A, then 5 is an eigenvalue of A.
5. If A is similar to B, then A? is similar to B2.
6. If A is diagonalizable and B is similar to A, then B must be diagonalizable.
7. {[r st]T : 5r — 1 = s + 2t} is a subspace of R3.
8. For any two matrices A and B such that AB is defined, we must have Col(AB) C
Col(A).
9. The vector spaces P3 and R? have same dimension.
10. A square matrix having two identical rows can be invertible.
11. Let A be a n x n matrix. if Ax = b is consistent for all b € R", then for every b, there
is only one solution of the equation Ax — b.
12. Each matrix A has a unique row echelon form.

MARK YOUR ANSWER HERE.
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FR1 (4x 4=16 points) (a) Find the characteristic polynomial and eigenvalues of

6 -2 0
-2 9 0
5 8 3

(b) Let T' : Py — P4 be a linear transformation hat maps a polynomial p(t) into the polynomial
(t? + 5)p(t). Find the matrix representation of T relative to the standard basis.
(c) Find the eigenvalues and a basus for each of the eigenspace of

5 ]

(d) Show that if two matrices are row equivalent, then they have same row space.
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FR2 (4+11=15 points) (a) Find a basis and state the dimension of S = {(a, b, ¢,d) : a—3b+c =

0}.

(b) A is row equivalent to B, where

1 -3 4 -3 9 1 -3 0 5 -7

-2 6 -6 -1 -10 0 0 2 -3 8
A= -3 9-6 -6 -3 , B= 0 0 0 0 5

3 -9 4 9 0 0 0 0 0 O

Find h, k,1 such that Col A C R" Null A C R¥, Row A C R!. Determine rank(A), dimension
of Null A. Obtain basis for Col A, Row A and Null A.
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FR3 (4+4=8 points) (a) Let S be the parallelogram having vertices at (—2,0), (0, 3), (1, 3)

and (—1,0) and
6 -3
A_[_B ; }

Find the area of the image of S under the mapping x — Ax.
(b) Suppose

4 =7 =3
D=6 0 =5
2 7 =2

Use determinant to find whether the transformation 7'(x) = Dz is onto.
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FR4 (4x 3=12 points) (a) Show that the columns of A? span R" if A is n x n matrix and
the columns of A are linearly independent.
(b) Find the unit L — U factorization of

2 5

3 -4
(c) Show that B = {1 +¢,1 —t,1+ t?} is a basis for the vector space Py of all polynomials
having degree at most 2.
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FR5 (6+4=10 points) (a) Let 7' : R* — R* be a mapping given by T(z1,x2,3,24) =
(x1 + 229,0, 229 + 24,29 — x4). Show that T is a linear transformation by finding a matrix
that implements the mapping. Is T (i) one-to-one (ii) onto? Explain why or why not.

(b) Write the solution set of the given homogeneous system in parametric vector form.

2x1 + 2x9 + 423 =0, —4x1 — 4ao — 8x3 =0, —3x9 — 323 =0
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