Queen’s University - APSC174 Winter 2025

Tutorial 06

1. In (a), (b), and (c) below, the matrix on the right hand side is obtained from the one on the left by an elementary
row operation. Identify the operation in each case.

(a)

4 2 1 5 4 2 1 5
1 31 0| ——|3 -9 -3 0
0 2 4 1 0 2 4 1
(b)
1 0 1 6 3 1
2 5 6 | —— | 2 -5 6
6 3 1 1 0 1

1 -2 3
2 -1 4| —— 2 -1 4
-3 1 8

-3 1 8

(d) Apply the three row operations you have identified, successively, in the same order, to the matrix below and

write down the resulting matrix.

1 -2 0 3 0 4
-3 0140 6|—— 7
0 70 0 1 -9

2. Use row operations to put the following matrices into RREF.

(3 2 1 (10 6 9
@16 5 4 ® 15 9 12

(2 -6 -1 6 [ —1 6 —1 -1
()| 4 —12 2 20 (d) 3 —18 1 0

|3 -9 0 12 2 —-12 3 0

3. For each of the following matrices, already in RREF, parameterize all the solutions to the corresponding system
of equations. Write your solution in vector form (in R™ where n is the number of unknown variables).

10 38 1 =40 -5|5
(a) (b)

[0 1 2]2 0 01 6|4
1 0 3 0 1|-5 1 0 0] 8
@01 208 9 @lo1o0l| s
000 1 7| 4 00 1|-3
(1 -2 0 3 0 11|-7

@0 0140 6|21

0 000 1 -9 14
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4. Parameterize all solutions to each of the systems of linear equations below, writing the parameterization in
vector form. (That is, for each of the systems below, go through the steps of encoding the system in a matrix,

using row operations to put each matrix in RREF, and writing down the general solution from the RREF form of
the matrix.)

4 + 3y + 6z + bdw = -7
(a) - ¥y + 2z 4+ 2w = -9
r + 4y — bz — bw = 27
2¢c + 2y + 3z + 4w = 2
(b) —-r + Yy + 2z 4+ Tw = 1
—3x + z 4+ bw = 1
6z + 2y + 1lz + 3w = -1
371 4+ 9x3 + 6xy = 3
(c) 21 + w9 + bxy + 24 = 1
51 + 8xo + Txz3 — 6y = -3
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