Linear algebra, test 3

March 22, 2001

Write down your name and SSN.

1. (35 points) Let

11 -1 -1
A= 56 -1 O
01 4 5

(a) Compute the reduced row echelon form of A and the rank of A.

(b) Compute a basis B for the column space CS(A).
(c) Compute the coordinate vector (with respect to B) of each column of A.
(d) Compute a basis for the null space NS(A).
(e) Give a linear relation between the columns of A.
(f) Find a matrix C such that NS(C) = CS(A).
(g) Find (if it exists) a non-zero vector v € R® that is orthogonal (dotproduct 0) to every column of
A.
2. Let A be the matrix A= (1111). Let V. =NS(A). Let
1 1 1 0 1
wi=| Tl T el O | ! w2
-1 1 0 -1 0
-1 -1 -1 0 0
0 1
ug = 0 Uy = 1
1 1
-1 1

(a) (5 points) Which (if any) of the vectors u1,...,u7 is NOT in V?

(b) (7 points) If M is a matrix with m rows, n columns, and rank r, then give a formula for the
dimension of the null space of M.

(c¢) (8 points) Compute the rank of A, and compute the dimension of V' with this formula.
(d) (15 points) Find out which of the following sets are a basis for V:

{ur}

{u1,ua}
{u17u27u3}
{u17u27u37u4}
{u17u27u4}
{UI;US}
{ul,’U/Q,'U/{,}
{u15u2;u43u5}
{u1,ue}
{UI;UQ;UG}

{u1, ug, ug, us, ug}.
{u1, ug, ug, us, us, ug, Uz }.



(e) (5 points) Which of these sets are not a basis of V but just a spanning set for V?
(f) (5 points) Which of these sets are not a basis but are still linearly independent?

(g) (5 points) Let w be the vector
T
22
T

T+ 2

where z is some unknown number. For which values of z would w be an element of V'?

3. Let V be a subspace of R® with as basis B = {u;,us} where

1 1

1 2

Uy = 1 , Uy = 3

1 4

1 5

Let

5 3 2
4 5 3
v = 3 , Uy = 7 ,U3 = 5
2 9 7
1 11 11

(a) (10 points) Is vy € V7 If so, then calculate [v1]B.
Same question for vy and vs.

(b) (5 points) Let W = SPAN(vy,v2,v3).
IsVCwW?
IswWCv?
IsV=w?

Good luck!



