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1. (a)
(b)

Professor Strang Quiz 1 Solutions March 6, 1998

The nullspace has dimension 2. Therefore 3 —r =2 and r = 1.

The first column of A comes from knowing the particular solution. The other
columns come from knowing the two special solutions in the nullspace:

1 -1 0
A=|12 =2 0
1 -1 0
2
The vector b must be a multiple of | 4
2
One basis for the row space is
[ 2 2
2 2
41716
4 6

One basis for the column space (since columns 1 and 3 have pivots) is

2 4 4 8
B|lO0O]| =16 and B| 0| =] 12
2 6 6 14

All answers are different (because the rank is different) when bs3 = 0:

200
B=13 40
200

The row-reduced form is
1 0 3 3
R=]101 00
00 0O

This form was reached by a product of elementary matrices, including a permu-
tation:

1 00 1 00 1 0 1 00
E=1[0 01 010 -2 1 0|=1|-1 01
010 -1 0 1 |0 1 -2 10
The matrix £~ that recovers A from R is
1 00 1 0 0] 1 00 1 00
E'=1210 010 0 1 [=1201
0 0 1 10 1) 01 0 1 10



(b) The third row of R is zero! So the two column-row multiplications are from
columns 1 and 2 of £~! and rows 1 and 2 of R:

1 0 1033 0000
2|1[1033]+|0|[0100]=]20¢6F6|+|0000]|=A.
1 1 1033 0100

4. (a) The matrix Z is m by n. All its entries are zero except for r ones at the start of
the main diagonal. If A is 3 by 4 of rank r = 2, then

1 000
Z=101100
0000

(b) The matrix ZZ is the same as Z, because A and AT always have the same rank.



