Math 4A: Quiz 5 Solutions
November 21, 2015

1. Find the coordinate vector of p relative to the basis S = {p1, p2, p3} where

(a) p=4—3z+2% p1 =1,p2 = z,p3 = 2*

Solution. We can represent the polynomial p(x) = ag+aiz+asz? as the vector (ag, ay, as).
We want to write p as a linear combination of p1, ps2, Ps:

1 0 0 4
C1 0] + C2 1 + c3 0 = -3
0 0 1 1
By observation we see that ¢; =4, ¢y = —3,¢3 = 1. Therefore p, = (4, -3, 1). O

(b) p=2-—z+a%pr=1+az,p2=1+2p3=x+2a°

Solution. We want to write p as a linear combination of p1, p2, ps:

1 1 0 2
alll+el|l0l+e|l]=]-1
0 1 1 1

We can write this as an augmented matrix and use row reduction to solve:

1 1 0] 2 1 1 0 2 1 1 0| 2
10 1l-1 —R1+R2—R2 0 -1 1|-3 R2+R3—R3 0 -1 1|-3
0 1 1 1 0 1 1 1 0O 0 2| -2
1 1 0 2 1 1 0 2
1R3 R _
2 R8RS 0 —1 1|—3 | B2EB=2R2 1 1 o] -2
0O 0 1]-1 0O 0 1|-1
1 1 0] 2 0 0] O
—R2— R2 01 0 2 R1—R2—R1 01 0 9
0 0 1|-1 0 0 1|-1
O

Thus ¢; = 0,¢3 = 2,c¢3 = —1. Therefore ps = (0,2, —1).



2. In each part, use the information in the table to find the dimension of the row space, column
space, nullspace of A4, and nullspace of AT:

L@ | B | @ | @ | (e | & | (g
Size of A [ 3x3[3x3[3x3[5x9[9x5[4x4][6x2
Rank(A) [ 3 | 2 [ 1 | 2 | 2 | 0 | 2

Solution. If A is an m x n matrix and has rank r, then the dimension of col(A) = r, dimension
of row(A) = r, dimension of null(A) = n — r, and dimension of null(AT) = m — r. See the
following table.

dim | (a) | (0) | () | () ]| (&) | (B) ] (&)
(A | 3] 21221012
row(A) 3 2 1 2 210 2
null(A) 0 1 2 8 3| 4]0
wll(AT) 10 [ 1 | 2| 3 | 7| 4]4




