
1.1 Systems of Linear Equations

Linear equation in n variables X1, X2, X3, ..., Xn

a1X1 + a2X2 + ... + anXn = b

System of m linear equations

a11X1 + a12X2 + ... + a1nXn = b1

a21X1 + a22X2 + ... + a2nXn = b2

.

.

.

am1X1 + am2X2 + ... + amnXn = bm

A solution is a set of numbers (S1, S2, ..., Sn) for which

X1 = S1, X2 = S2, ..., Xn = Sn satisfies all m equations.
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a1X1 + a2X2 + a3X3 = b
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Matrix Representations of Systems

An m× n matrix is array or table of m rows, n columns of numbers.

EX

X1 − 2X2 + X3 = 0

2X2 − 8X3 = 8

−4X1 + 5X2 + 9X3 = −9

Coefficient Matrix:

X1 X2 X3




1 −2 1

0 2 −8

−4 5 9




EQ1

EQ2

EQ3

Augmented Matrix



1 −2 1 | 0

0 2 −8 | 8

−4 5 9 | −9
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Solving Systems by Elimination

EX:

X1 − 2X2 = −1

−X1 + 3X2 = 3

Adding EQ1 to EQ2:

X1 −2X2 = −1

−X1 +3X2 = 3

−− −−− − −−
0 +X2 = 2
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New System:

X1 − 2X2 = −1

X2 = 2

2 ∗ EQ2 add:

X1 − 2X2 = −1

2X2 = 4

−−−−−− − −−
X1 + 0 = 3

New System:

X1 = 3

X2 = 2

One solution (3, 2)
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EX:

X1 − 2X2 + X3 = 0

2X2 − 8X3 = 8

−4X1 + 5X2 + 9X3 = −9

4 ∗ EQ1 4X1 −8X2 +4X3 = 0

EQ3 −4X1 +5X2 +9X3 = −9

−−− −−− −−− − −−
Add −3X2 +13X3 = −9

New System:

X1 − 2X2 + X3 = 0

2X2 − 8X3 = 8

−3X2 + 13X3 = −9

3 ∗EQ1 6X2 −24X3 = 24

2 ∗EQ3 −6X2 +26X3 = −18

−−− −−− − −−
Add 2X3 = 6
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New System:

X1 − 2X2 + X3 = 0

2X2 − 8X3 = 8

2X3 = 6
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EQ2 2X2 −8X3 = 8

4 ∗EQ3 8X3 = 24

−−− −−− − −
2X2 = 32

New System:

X1 − 2X2 + X3 = 0

2X2 = 32

2X3 = 6

...Continue, eliminate X3 term in EQ1, then eliminate X2 term in EQ1

Final System:

X1 = 29

X2 = 16

X3 = 3

One solution (29,16,3)
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#20

2
[

1 h −3

−2 4 6

]

[
1 h −3

0 (2h + 4) 0

]

2R1 + R2

h = −2
[

1 −2 −2

0 0 0

]

X1 − 2X2 = −2 ⇒ X1 = −2 + 2X2

0 = 0 ← X2 is arbitrary

(−2 + 2X2, X2) Many solutions if h = −2

h 6= −2
[

1 h −2

0 (2h + 4) 0

]

X1 + hX2 = −2 → X1 = −2

(2h + 4)X2 = 0 ⇒ X2 = 0

(−2, 0) : One unique solution if h 6= −2
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Figure 1:10


