FORK1003
Fxercises for Lecture 1

August 1, 2016

1 Introduction to Linear Systems

1.1 Linear Equation

Exercise 1.1. Are these equations linear or nonlinear?

(a) 21’1 + 25(]2 - 3[L’3 =9 (e) 1 — 2.775/3 =2
(b) 233’13321'3 =0 (f) 3(1’1 + 5152) - 2(I3 - 112'4) =3
() 302 — 32, =3 (2) (a1 + ) (w5 — 24) = =5

)

(d Xr1 — 21/3ZE2 =2

2 Solutions of Linear Systems

Exercise 2.1. Solve these linear systems by substitution:

(a) { r1 4 229 = 10 (xl— To+3x3=2>5
—2z1+ 3z =1 (c) daxy — 3x3 = —8
— T9+4r3 =2
b —T1— Ty = —2 \
( {53:14—31'2:5 (21— Bay — 13 = 14
(d) ¢ 2z —x3=0
\—xl + 319 = —10
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Exercise 2.2. How many solutions do these linear systems have?

].6$1 - 4I2 =38 Ty — T = 10
OR S (© _
— $1+§JZ2——1 ZE1+35L‘2—14

35[’1 — 2513'2 =4
(b) _
9131 — 61’2 =2

3 Row Reduction

3.1 Coefficient & Augmented Matrix

Exercise 3.1. Write out the coefficient matrices of the following linear systems:

3r1 + 219 =-3 T1 — x3=2
(a) r1— To+ x3=0 (b) Ty + 33 = —1
—2x1 —3x9+ 223 =4 —4r; + 1029 — 23=0
T + 23=0
T, 4 225 — 3x3+ 24 =6
(c) { To9 — 1023 + 814 — %a:5 = -2

Exercise 3.2. Write out the augmented matrices of the following linear systems:

T1 — 3Ty + 815 — x4 =1 614 =38
(a) r3 — 8xy = 13/3 (b) 322 =—4
—2x1 — X9+ 323 =0 —4x4 =2
18xy, =4
201 — Txg — 613 — T4 =16
(c) { Ty + 11lxg — %[E4 — %$5 =2

Exercise 3.3. Express these augmented matrices as linear systems:

(a) 2 3 4|5 -2 0] 10
1 -2 —-31|6 (b) 13 2| —16
-3 4] 0

4 2| 3
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3.2 Elementary Row Operations

Exercise 3.4. Apply the given row operation to the following augmented matrix:

1 -2 3] 6

0 3 5|7

-2 4 0|13

6 —6 7|-—1

0 —1 0| 2
(a) R3 <+ R5 (d) R1 — R1+ R2
(b) R2 — R2 — 3R1 (e) R5 — %1-25

(¢c) R4 — —2R4

Exercise 3.5. Solve the following linear system using augmented matrices and elementary

row operations:
2I1 — X9 = 4
3[L‘1 + 21’2 =13

Exercise 3.6. Solve the following linear system using augmented matrices and elementary
row operations:

31’2 - 31’3 =9
2£L'1 — I3 = =7

31+ 225+ x23=0

3.4 Echelon Forms

Exercise 3.7. Determine whether each matrix is in echelon form, and if so, whether it is in
reduced echelon form.

3 0 2046 3 =210 0
<8L)0—10200 (0)10024
0 0 00O0O 0 1 20 =2
0 1000 0 0 1.0 O
02 4 0 —1 010 3 00
0001 4 0016 00
® 1o 000 1 (d) (000010
00 00 0 0 00 O0O01
- 00 0O0O0TO O
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3.5 Pivot Positions & Basic Variables

Exercise 3.8. For each echelon form matrix, give the pivot positions, pivot columns, basic
variables and free variables. Find a solution set to the linear system.

1 -2 0 6]2 13 -2 412
0 1 -1 3|2 b |01 0 —2]10

a) [0 0 0 1|6 00 1 7|5
00 0 0]0 00 0 1[0
00 0 0]0

Exercise 3.9. For each linear system, reduce the augmented matrix to reduced echelon
form, give the pivot positions, pivot columns, basic variables and free variables.

1’1—|—2$2— T3 + .’E4:1
333'1— $2+2$3— .1’4:3
(a)

— X9 — T3+ .T4:1

\—1'1 +4ZL‘2 —5l'3+4]74 =0

( —x1+ a9+ 33 —14=0
—3r] — 229 — 273 = -3
Tr1+ 322+ 23+ 24=06
201 + 322+ 523 — x4 =3
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