Reexam in Linear Algebra

First Year at The Faculties of Engineering and Science and of Health

August 19, 2016, 9.00-13.00

This test has 11 pages and 14 problems. All the problems are “multiple choice”
problems. The answers must be given on these sheets.

It is allowed to use books, notes, photocopies etc. It is not allowed to use any
electronic devices such as pocket calculators, mobile phones or computers.

The listed percentages specify by which weight the individual problems influ-
ence the total examination.

Remember to write your full name (including middle names) together with
your student number below.

NAME:

STUDENT NUMBER:
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In all problems: there is only one correct answer to each question.

Problem 1 (4 %)

Let
2 001
3 201
A= 1 513
-1 0 0 2
What is the determinant of A?
O 12 X 10 5 0o 0 -5 O —10 0 —12

Problem 2 (4 %)

Let A be a4 x 6 matrix and let E = . How does the matrix EA

O O O
—_ o oo
o= OO
OO = O

from A?

U By transposing the matrix.

0 By interchanging row 1 and row 3.

X By interchanging row 2 and row 4.

U By adding row 2 to row 4 and adding row 4 to row 2.
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Problem 3 (10 %)

The matrix

= RN
|
N -
|
N -
|
N DN
_ O =)

has reduced row echelon form
10 0
01 -1 0 1
00 01
00 0

1. Which one of the following is a basis of the column space of A (Col A)?

(121 [11 [—-1])
1 -1 1
- 11712 |7-=-2
\ :1: - z :_2: 7
([2 1 071)
1 -1 -2
b 1172 (7] 2
L _1_ i 2 11 1 1)
(1] [0 0
0 1 0
U of” 10”11
0 0 0

L [—2
[2 -1 0 1
1 -1 1 A 1
- 11712 17(-2("{2]"]0
1 2 -2 1 1
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2. Which one of the following is a basis of the row space of A (Row A)?

(27 [17 [1]
1| |-1] |2
O |-1|,|1],]|-2
ol [-2] |2
LL1] [1] |0
(27 [1] [1] [1
1| |[-1] |2 2
O |=1|,|1]|,]|-2|,]-2
ol [-2] |2 1
(L1] [1] [o] [1
1] [0 [07)
o] |1 0
=< |o],|-1],]0
o] |o 1
o] [1] [-1])

O

™\ 7~

™~ 7~

o

-1 1
1 1
—-21"10
-2 1

=== OO OO = = OO0 = O
__ o

T )
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Problem 4 (10 %)

Let W be a subspace of R* satifying that

1 0 0 8
-1 1 0 0
1 _ _
W+ = Span ol 1211711 ,and letu = NE
0 0 -1 0

1. Which one of the following is a basis of W
1 0

—_

0 U

_ o

0

1 0
1171

0 1

SO
=~ w N

2. Now let w be the orthogonal projection of u on W. What is the fourth
component of w (i.e. wy)

0 -2 0 -1 0o 01 X 2 04

3. Let z be the orthogonal projection of u on W+. What is the fourth compo-
nent of z (dvs. z4)?

X -2 0 -1 0o 01 02 Ul 4
Problem 5 (4 %)

Let A = [a; ap a3] be a matrix with 2 rows and let B = [by by b3 by] be a matrix
satisfying that the product C = AB is defined.

1. How many rows are there in the matrix B?

a2
X 3
0 4
0 The number of rows can not be determined from the given informa-
tion.

2. How many rows are there in the matrix C?

X 2
a3
U4
U The number of rows can not be determined from the given informa-
tion.
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Problem 6 (10 %)

The characteristic polynomial of

111
A=1|12 3
2 32

is —(t +1)(t* — 6t +2).

1. Which one of the following is an eigenvalue of A?

X —1 01 02

2. Which one of the following is an eigenvector of A?
2
1 O

2

0
-1
1

0
0
0

U U X

3. Is A diagonalizable?

X Yes ] No

4. Is A invertible?

X Yes O No
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Problem 7 (8 %)

Let A =
2 =21

1 2 2
-2 -1 2].

1. Let a be a positive number such that Q = aA is an orthogonal matrix.
What is the value of a?

01 02 O 3 03 X 3 0 3 09

2. Let ¢ be a number such that A~! = cAT. What is the value of ¢?

01 02 03 03 O 1 X 3 09
Problem 8 (8 %)
12 3] 11 1] [O]
LetA=|6 5 —4|,B=|2 2 —4|andv= |7].
7 8 -9 33 -5 6
1. Is v contained in Col A?
X Yes 0J No
2. Is v contained in Null B?
L Yes X No
3. Let C = AB. What is the value of ¢;?
0 —6 0 —4 0 -2 0 -1 a2 X 4
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Problem 9 (8 %)

1. OO What is the number of solutions of the following system of linear equa-

tions
X1 F+2x3+x4=1
2x0 4 2x4 =2
X1+ 2x2 +2x3+3x4 =3
o
1
02

X infinitely many.
2. What is the nullity of the coefficient matrix?

0o 01 X 2 3 04

3. What is the rank of the coefficient matrix?

o 01 X 2 03 04

Problem 10 (4 %)

Let A denote the matrix
1 3 5 7

4 13 17 19|,
9 29 31 37

and let B be a matrix in row echelon form, obtained from A by a number of
elementary row operations. What is the value of b3;?

O -2
X 0
01
a3
U6
0 This value can not be determined from the given information.
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Problem 11 (5 %)

Let A be a non-zero 3 x 2 matrix.

1. What is the least possible rank of AT A?

0o X1 02 03

2. What is the largest possible rank of ATA?

0o 01 X 2 03

3. What is the largest possible rank of AAT?

0o 01 X 2 03

Problem 12 (11 %)

Let
1 000
0200
A= 0020
6 0 0 3

and let B = AL, Furthermore let C be a 4 x 4 matrix with detC = 4.

1. What is the value of b4;?

go 01 g2 U

NI—
X
|
N
UJ
(o))
]
O\[—=

2. What is the determinant of A?

0 -2 1 06 X 12 0 14 118 0 72

Page 9 of 11



3. What is the determinant of ATC?

0 -8 01 03 012 0 16

4. What is the determinant of AC~1?

0 -8 1 X 3 12 0 16

5. What is the determinant of —2C?

0 —-e4 [0 -8 0 —4 0 -2 02

Problem 13 (8 %)

Let T : R™ — IR" be a linear transformation with standard matrix

2311
012 0].
0 00 4

0o 01 02 3 X 4

1. What is the value of m?

2. What is the value of n?

0o 01 02 X 3 04
3. Is T onto?
X Yes ] No

4. What is the dimensionen of the null space of T?

0o X1 02 13 4
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Problem 14 (6 %)

The following has been entered in the MATLAB Command Window:
> A=[201; -121;122;100];

>> b=[2; 1; 3; 0];

>> rref ([A b])

1.0000 0 0 0
0 1.0000 0 -0.5000
0 0 1.0000 2.0000
0 0 0 0

>> linsolve(A,b)
What is MATLABs answer to the last command?

[J Matrix is singular to working precision.
L] ans =

2.0000
1.0000
3.0000

0

] ans =

0.0000
-0.5000
2.0000
0

X ans =
0.0000

-0.5000
2.0000
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