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4 By the end of the notes:

The students are expected:

e To understand matrix manipulation to solve simultaneous equations
* To apply Gaussian elimination to solve simultaneous equations
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Example:
2x+y="1
3x—y=28

Solve for x and y.

1)
(2)

OPENCOURSEWARE

Solving Simultaneous Equations

I Two options to solve
the problem !!
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4 Solving Simultaneous Equations
Example: Option 1: Substitution
2X+ y= 7 (1) Rearrange (1):

y=T7T-2x (3)
3x—y=28 (2)

Substitute (3) to (2)

Solve for x and y. 3X—(7—2X)=8
3x+2x=8+7 Finally,
Sx=15 y="T-2(3)
Sox=3 sy=1
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Example:

2x+y="1
3x—y=28

Solve for x and y.

1)
(2)
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Solving Simultaneous Equations

Option 2: Inversion of coefficient matrix

AR

AX =B
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4 Solving Simultaneous Equations

Example: Option 2: Inversion of coefficient matrix
2x+y="1 (1) AX = B
Sx—y=38 (2) ~X=A"B

Solve for x and y.

Il We need to calculate inverse matrix A !!
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4 Solving Simultaneous Equations
Example: Option 2: Inversion of coefficient matrix
2x + y= 7 (1) Inverse Matrix:

3x—y=28 (2) A

a b
c d
A—l_ 1 d _b )

Determinant: ‘A‘ = Cld — bC

Solve for x and y.
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Example:

2x+y="1 (1)

3x—y=28 (2)

Solve for x and y.
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Solving Simultaneous Equations

Option 2: Inversion of coefficient matrix

Inverse Matrix:
A—l _ 1 _1 —1
2x(-D-1x3{ -3 2

_ -1 -1
S5\ -3 2
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4 Solving Simultaneous Equations
Example: Option 2: Inversion of coefficient matrix
-1
2x+y=7 (1) X=A"B
3x—y=8  (2) o PR Bl s N | I
Yy S5\ -3 2 8

Solve for x and y.

)

L[ (~1x7)+(~1x8)
g\ (-3x7)+(2x8)

A 3H:

/
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4 Solving Simultaneous Equations

General reduction scheme for Gaussian Elimination:

( a, dy,p ... dy, \ X1 \ b, \
Ay Uy ... dy, Ar | _ b,
\ anl an2 ann / \ 'xn / \ bn )
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4 | Solving Simultaneous Equations

®GUTM OPENCOURSEWARE

General reduction scheme for Gaussian Elimination:

(k—1)
q®© = g& b _ 23 a* Vi i=k+1
gy (k1) ki S = seees Tl
279
(k—1)
a,, .
b(k) b(k D _ (k 5 b(k D d=k+1,.
kk
n
b, — E a,;x.
j=i+1
X; = /= d=n—-1n-2,....1
a
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4 Solving Simultaneous Equations

Example: Gaussian Elimination

2x, +3x, —x; +4x, =19

X, —X, +2x; —2x, =3 / \
4 _ ( \[ X ( )
x, +2x, —3x;, —x, =15 2 3 -1 4 19
3x, +4x, —2x, +x, =21 1 -1 2 -2 X2 |_| 3
4 2 =3 -1 X5 15
Solve for x4, X,, X3 and x,. 3 4 -2 1 /\ x, \ 21
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Example:

2x, +3x, —x; +4x, =19
X, —X, +2x; —2x, =3
dx, +2x, —3x;—x, =15
3x, +4x, —2x; +x, =21

Solve for x4, X,, X3 and x,.

(k-1)

Air
(k-1)
Kk

(k—1)

al .
(k - “ik__p*D G—fe+1,.
kk

(k) (k=1) (k=1)
a; =a; - a;

bi(k) — bi(k_l)
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Jd, j=k+1,...,n
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Solving Simultaneous Equations

Gaussian Elimination

Step 1: k=1
aG _ )
a; =a; —
b = b —

e Pivot row 1 (k=1)
e Eliminate x, from

(0)
a;

(0)
ap,

(0)
all

(0)
ap,

a,),i,j=2,3,4

b”,i=2,34

row 2,3 and 4
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Example:

2x, +3x, —x; +4x, =19
X, —X, +2x; —2x, =3
dx, +2x, —3x;—x, =15
3x, +4x, —2x; +x, =21

Solve for x4, X,, X3 and x,.

(k-1)

Air
(k-1)
Kk

(k—1)

a,. .
L —p* ik +1,.

kk

(k=1)

(k) (k—1)

a;’ =a;

bi(k) — bi(k_l)
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Jd, j=k+1,...,n

OPENCOURSEWARE

Solving Simultaneous Equations

Gaussian Elimination

Step 1: k=1
aG _ )
a; =a; —
b = b —

(0)
a;

(0)
ap,

a,),i,j=2,3,4

(0)
all

b”,i=2,34

(0)
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Example:
2x, +3x, —x; +4x, =19
X, —X, +2x; —2x, =3

—x, =15
—2x; +x, =21

dx, +2x, —3x,

3x, +4x,
Solve for x4, X,, X3 and x,.

(k—1)

by al .
al(Jk) ai(jk D _ 1(/2 . a,(qk Dij=k+1,..,n
A
(k 1
;- =D (k D =R+

kk
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Solving Simultaneous Equations

Gaussian Elimination

Step 2: k=2
2) _ )
a;’ =a; —
b = b —

a(l) (1)
0 — 545,50, j=3,4

22
(D

dis b",i=3,4

(1)
ads,,
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Example:

2x, +3x, —x; +4x, =19
X, —X, +2x; —2x, =3

dx, +2x, —3x;—x, =15
3x, +4x, —2x; +x, =21

Solve for x4, X,, X3 and x,.

(k—1)

k) _ k=) _ Fix (k=1)

a; a; = Y Jd, j=k+1,...,n
Ak
(k—1)
p = pb _ ik D p g
7 - i (k—l) k ° - 9ecey

kk
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Solving Simultaneous Equations

OPENCOURSEWARE

Gaussian Elimination

Step 3: k=3
(3) @ _ 45 o
i3 ;
a; =a; ——550a5;,i,j=4
a33
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4 Solving Simultaneous Equations

Example: Gaussian Elimination

2x, +3x, —x, +4x, =19 Step 4: calculate x4, x5, X3, X4

xl—x2+2x3—2x4=3 ( 2 3 —1 4 \( Xy \ ( 19 )
dx, +2x, —3x;—x, =15 O -25 25 —4 X —-6.5
3x, +4x, —2x; +x, =21 0 0 _5 2.6 X, - —12.6
Solve for x4, X,, X3 and x,. \ 0 0 0 -3.68 )\ X4 ) \ —3.68

n
b, — E a;x;

J=i+l
xl' , , .....

a..

12

innovative @ entrepreneurial @ global ocw.utm.my




Example:

2x, +3x, —x; +4x, =19
X, —X, +2x; —2x, =3

dx, +2x, —3x;—x, =15
3x, +4x, —2x; +x, =21

Solve for x4, X,, X3 and x,.

n
D %,

J=i+l
a..

12

b, -

X.

1
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Jd=n—-1,n-2,...

Solving Simultaneous Equations

,1

OPENCOURSEWARE

Gaussian Elimination

Step 4: calculate x4, x5, X3, X4
Sox, =1

4
b.— > a,.x.
e JE4 T -12.6-(=2.6xD) _

A 2
’ as, -5
>
b,— > a,x;
o x, = = =—6.5—(2.5><2—4><1)=3
a, -2.5
4
b,— Y a,.x,
e JEZ 19 (Bx3-1x2+4x1)
A = -

a, 2
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4 Solving Simultaneous Equations

Generalisation for Gaussian Elimination method
seems to be tedious

But the formulation allows for ease
implementation in programming environment
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4 Solving Simultaneous Equations

Why do we need to know how to solve
simultaneous equations for FEM?

Il This forms the basis in solving the stiffness
matrix for FEM !!
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4 By the end of the notes:

You are expected to be able:

e To understand matrix manipulation to solve simultaneous equations
* To apply Gaussian elimination to solve simultaneous equations
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