REF practice worksheet MATH 1210/1300/1310

Instructions: Find the row echelon form of each of the following matrices

1. 9. 17.
—-1 -3 =2 5 9 9 g —-1 -3
—2 0 2 -2 2
-1 1 -2 -3
2 3 -2 —1 3
5 s 1 -1 -1 0 -1
3 -2 -3 3 18.
5 {1 —1 —1]
0 -1 —2 10. 03 3 -3 -3
3 1 -2 3 2 -9 19.
2 -1 -2 1 -3 3 {—30—2 2}
o -3 3 -1 1
5 3 -1 0
11. 20.
2 2 2 -1 1 —1
-1 -1 0 1 3 3 —31 —31 —22 21
2 0 -1 1 _ -
3 1 1 0 -2 3
N 12. 3 1 -1 -3
2 2 0 3 -3 -1 .
5 0 1 2 0 3 2 |
3 1 -3 -3 3 -3 0 2 3
-2 1 3 -1 1 -1 1 -2 —1
; 14, 3 -1 2
: 0 3 3
01 3 0 - :
2 -1 -1 3 1 1 -3 1 23.
-1 -1 -3 2 -1 0 -2 -3 -3 0
2 3 -2 -3 -3 92 9 3 0 -1
-3 1
7 15. 3 -1
2 0 -1 -1 -2 -1 0 0 2. ] ]
1 -3 0 2 1 -3 -2
—2 -1 0 2
3 -1 3 -1 -2 -3 =2 -2 2 1
1 3 0 =3 0 1 3
8 16. 25 i
3 3 -3 3 2 2 3
1 3 -2 2 1 0 1
—1 2 1 -1 —1 -3 2
—1 2 -3 0 | -3 -3 -3 |
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Solutions:
1.
[ -1 -3 —2]
-2 0 2
2 3 =2
| 3 -3 -1
Ry — R+ R3
[ 1 0 —4]
-2 0 2
2 3 =2
| 3 -3 -1 |
Ry — Ry + 2R,
Rg — Rg - 2R1
R4 — R4 — 3R1
[1 0 —4]
0 0 -6
0 3 6
| 0 =3 11 |
R2 <~ R3
[1 0 -4
0 3 6
0 0 -6
| 0 =3 11 |
1
R2 — §R2
1 0 -4
0 1 2
0 0 -6
0 -3 11
R4 — R4 + 3R2
1 0 —4
01 2
0 0 -6
0 0 17
R3 — 7R3
[1 0 —4 ]
01 2
0 0 1
0 0 17 |
R4 — R4 — 17R3
[1 0 —4]
01 2
0 0 1
(00 0 |

0 —1 -2
31 -2
2 -1 -2
R1<—>R2
[3 1 -2
0o -1 -2
2 -1 -2
RlHleRg
[1 2 0 ]
0o -1 -2
2 -1 -2 |
R3 — R3 — 2R,
[1 2 0
0 -1 -2
|0 -5 -2
R2<——R2
(1 2 0
0 1 2
|0 -5 -2 |
R3 +— R3+5R,
1 2 0
01 2
0 0 8
1
R3<—§R3
1 2 0
01 2
0 0 1

-1 -1 0 1
2 0o -1 1
Ry — R+ Ry

1 1 2 0
-1 -1 0 1
2 0 -1 1

RQ‘*R2+R1
Rz — R3 — 2R,

11 2 0
0 0 2 1
0 -2 -5 1

R2<—>R3

= olot DN
|
W= N‘H jan)

1
R1 — §R1

1 1
-3 -3
-3 2
0 1
R2 — R2 + 3R1

R3 — Rg + 3R1

OO O =
A=
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OO O
—_ O = =

R4<¥R4*R2

O OO
OO ==

-1
R1<—7R1
1 1 -1
3 1 -3
-2 1 3

RQ<—R2—3R1

R3 «— R3 + 2R,

R3 — R3 - 3R2
11 -1
01 0

00 1
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2 -1 -1 3
-1 -1 -3 2
2 3 -2 -3
Ry — R+ Ry

1 -2 -4 5
-1 -1 -3 2
2 3 -2 -3

Ry — Ry + Ry
R3<—R3—2R1

1 -2 -4 5
0o -3 -7 7

0 7 6 13|

RQ‘*%lRQ
1 -2 -4 5
o 1 I
0 7 6 -—13
Rs — R3 — TR,
1 -2 -4 5
01§ F
00 oy
R3<—;—3R3
1 -2 —4

o 1 I I
o 0o 1 =

2 0o -1 -1
-2 -1 0 2
-3 -1 3 -1

1
Rl <—R1+§R2

-1
1 ZF -1 0

-2 -1 0 2
-3 -1 3 -1

Ry +— Ry + 2Ry

Rg<—R3+3R1
1 5+ -1 0
0o -2 -2 2

=5
0 % 0 -1

R2 — 7R2
1 5 -1 0
0 1 1 -1
0 32 0 -1

5
R3 +— Rz + 532
1 5 -1 0
0 1 1 -1
0o 0o 2 =

2
R3 — ng

3
1
-1
-1

NN W W

1
R] — gRl

1
1

NN W

—1
-1
Ro «— Ry — Ry
R3 — Rz + Ry
Ry — Ry + Ry

SO O
W w N

RQH

SO O =
W W = N

R3 — R3 —3R2
R4 — R4 - 3R2

OO O =
OO ==

3 -2 2 0
-1 1 -2 -3
-1 -1 0 -1
3 -2 -3 3

Ry +— R1 + 2R,

1 0 -2 —6 |
-1 1 -2 -3
-1 -1 0 -1

3 -2 -3 3
Ry +— Ry + Ry
Rz — R3+ Ry
Ry +— Ry — 3R,y

1 0 -2 —6
0o 1 -4 -9
0o -1 -2 -7
0 -2 3 21

RgHR;g‘FRQ
Ry — Ry + 2R,
1 0 -2 -6
01 —4 -9
0 0 —6 -—16
0 0 =5 3
-1
R3<—?R3
(1 0 -2 —6 ]
01 —4 -9
8
0 0 1 3
_0 0 -5 3 ]
R4<—R4+5R3
1 0 -2 —6 ]
01 —4 -9
o0 1 3
49
L0005
3
R4<—4ng4
1 0 -2 -6
01 —4 -9
8
0 0 1 3
00 O 1
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10.

[ -2 3 2
-3 2 -2

1 -3 3

| 3 -1 0

R1 — R1 — R2
1 1 4
-3 2 =2
1 -3 3

| 3 -1 0
Ry « Ry + 3R,
Rs — Ry — Ry
Ry« Ry + 3R,

1 1 4
0 5 10
0 -4 -1
0 2 12

1
Rg — BRQ

1 1 4
0 1 2
0 —4 -1
0 2 12

R3 — R3 +4R>
Ry, — Ry — 2R,
(1 1 47
0 1 2
0O 0 7
0 0 8

OO ==

—8R3

=
B
coor | cocor
Juy)
B

O O ==
O = N
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11.

12.

1

0

| O
R3<*R3*2R2

[ 1

0

0

R1<—>R2
-3 -1 2 1

0 3 -3 -1

1 2 -1 0

Ry «— Ry +4R;
1 7 =2 1
0 3 -3 -1
1 2 -1 O
R3<—R3—R1
1 7 -2 1
0o 3 -3 -1
|0 -5 1 -1
1
RQ‘*gRQ
(1 7 —2 1
—1
S
|0 -5 1 -1
R3 «+— R3 +5R;
1 7 =2 1
01 -1
00 —4 £

13.

1 7 =2
01 -1

3
2
00 1 2

-3 -3 3

R1<—>R2

-3 -3
-1 -1
Ry — R4+ Ry
1 1 -1
01 2
0 6 —6
0 2 -2
R3 — R3 - 6R2
R4 — R4 — 2R2

— W = =
w
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OO = =
|
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14.
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15.
0 1 3 0 ] -2 -1 0 0
1 1 -3 1 1 -3 0 2
-1 0 -2 -3 -1 2 -3 =2
-3 2 2 3 | 1 3 0 -3
-1
f =tz R — — R
1 1 -3 1] X
0 1 3 0 r 5 0 0
-1 0 -2 -3 1 -3 0 )
-3 2 2 3 ] -1 2 -3 -9
R3<—R3+R1 1 3 0 73
Ry — Ry — R
Ry — Ry + 3R, i
R; — R3+ R
11 -3 1 s st
01 3 0 Ry, «— Ry — Ry
01 -5 -2 )
05 -7 6 15 0 0
0 3£ 0 2
R3 «— R3 — Ry
0 5 -3 -2
Ry — Ry —5R
4T 2 0 2 0 -3
11 -3 1
01 3 0 Ry — —R;y
00 -8 -2
00 —-22 6 1 4 0 0
—4
. = 01 0 =
TR 0 3 -3 -2
11 -3 1] 05 0 -3
01 3 0 5
00 1 1 Rs — Ry — SR
0 0 —22 6 5
- - R4HR4**R2
Ry« Ry +22Rs 2
1
(1 1 =3 1 ] Ly 00
01 3 0 01 0o =
0 0 1 1 —4
243 00 -3 =
00 0 = -
L 2 o0 o =H
2 1
R4H%R4 RgH?Rg
11 -3 1 1 L0 o0
01 3 0 —4
01 0 =2
00 1 1 Z
1 2
00 0 1 00 21
000 =+
-7
R4FHR4

R. Borgersen



REF practice worksheet

o o o =

o o o =

16.

Ry — Ry + 2Ry
R3<—R3—R1
R4<*R4+3R1

—1
R2 — ?RQ

OO O
o O =

17.

18.

19.

-1 -3
-2 2
-1 3
R1 — *Rl

1 3

-2 2

-1 3

Ry — Ry + 2R,

R3<*R3+R1

-3 3 -1 1

|

R2 — RQ + 3R1

2 =2
03 1 -1

20.

11 2 2]

11 2 2]

-1 -1 -2 2
3 3 2 -1
1 0 -2 3
3 1 -1 -3

Rl — —Rl
1 2 =2
3 2 -1
0 -2 3
1 -1 -3
RQ — R2 — 3R1
R3 — R3 — Rl

R4 — R4 - 3R1

1
3
1
3

0 0 -4 5
0 -1 -4 5
0 -2 -7 3

R2<—R2—R3

0 1 0

0
0 -1 -4 5
0 -2 -7 3

R3<—R3+R2
Ry < R4+ 2Ry
1 1 -2
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21.
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3 0 —2]
1 -3 0
2 -3 -2
0 3 2
Ry — Ry — R3
1 3 0 ]
1 -3 0
2 -3 -2
| 0 3 2]
Ry — Ry — Ry
R3<*R3*2R1
1 3 0 ]
0 -6 O
0 -9 -2
0 3 2
RQH%RQ
1 3 0
0 1 0
0 -9 -2
0 3 2
Rg‘*R3+9R2
R4<—R4—3R2
1 3 0
01 0
0 0 -2
0 0 2
R3<—71R3
1 3 0]
01 0
0 01
0 0 2
R4<—R4—2R3
1 3 0]
0 1 0
0 01
0 0 0|
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22.

0 2 3
1 -2 -1
3 -1 2
|0 3 3 |
R1 <—>R2
(1 -2 -1
0 2 3
3 -1 2
|0 3 3 |
R3 — Rg — 3R1
(1 -2 —1 ]
0 2 3
0 5 5
|0 3 3
1
R2 — R2 - gRg
[1 -2 -1
0 1 2
0 5 5
L0 3 3
Rg — R3 - 5R2
R4 — R4 - 3R2
[1 -2 -1
0 1 2
0 0 =5
L0 0 -3
-1
R3 — ?Rg
1 -2 -1
0 1 2
0 0 1
|0 0 -3
R4 <*R4+3R3

OO O
o
O =N

23.

R3 — R3 + 3R1
R4 — R4 — 3R1

1 0
0 -1

R3<—R3—R2
Ry +— Ry + Ry
0

OO O
OO =

24.
1 -3 =2
-2 2 1
0 1 3
Rg — R2 + 2R1
1 -3 -2
0 -4 -3
0 1 3
R2 — R2 + 5R3
[1 -3 -2
0 1 12
0 1 3
Rg — Rg - R2
(1 -3 -2
0 1 12
0 0 -9
-1
R3 — ?Rg,
1 -3 -2
0 1 12
0 O 1
25.
2 2 3
1 0 1
-1 -3 2
-3 -3 -3
R1 — R1 — RQ
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1 2 2
1 0 1
-1 -3 2
-3 -3 -3

R2<—R2—R1
R3 «— Rz + Ry
Ry — Ry + 314

1 2 2

0 -2 -1

0 -1 4

0 3 3
RQ — R2 — 3R3

1 2 2

0 1 -13

0 -1 4

0 3 3
R3 — R3 + R2
R4 — R4 — 3R2

2
—13
-9
42

SO O
OO =N

1
coowr J
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[N) —

50z
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4 —42R3
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