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Computational Science:
Computational Methods in Engineering

Matrix Operations
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* Matrix Arithmetic
* Matrix Algebra
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Matrix Arithmetic

Matrix Arithmetic (1 of 4)
Addition:

a4, Gy a4 by b, b ay+b, a,+b, a;+b;,
[A] + [B] =|ay ay ay|t|by by by |=|aytb, a,tb, aytby
a3 Gy Ay by, by by @y +by ay,+by,  aytby

Subtraction:
a, 4, ay b, b, b, a,=b, a,-b, a;-b;,
[A] _[B] =|ay ay ay|—|by by by|=|ay-b, ay-b, ay-b,
a3 Gy 4y by, by, by a,—=by, a,-b, a;-by
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Matrix Arithmetic (2 of 4)

Multiplication by a Scalar:

a, a4, a4y sa;  sa;,,  Sag
S[A]:s ay, Gy Gy |=|Say Sa, Say
a3 4y 4y $Ay Sy Sy

Multiplication by a Matrix

a, a, a,| b, b, b ayb, +apb, +aih, # #
[A][B]: @ Gy Gy ||by by by = # # #
a, ap ay || by, by by # #o#
A A Al XY X +apx,; +apx
[A][x]: Ay Gy Ay || Xy | =] Ay X +apX, T dyX
a3 Gy Ay || X a3 X) + A3 Xy + 33X,
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Matrix Arithmetic (3 of 4)
Matrix Transpose. Animation of Transpose Operation
7
ay Ay Gy Ay Gy 4y . -
T ap) a2 a3 ay
[A] S Gy Ay | |4 Gyp 4y an an axm an
az azp az ay
a3 Gy 4y A3 4y Gy J ap am au,
a =a. PIT en G az; aa
u Jt az az Gy ay _ | @2 a2 az: ap
az  azp az; ay B @)y Gz 4y Qg
aq aq2 Q43 [1¥TY ayq azq a3y Q44
Hermitian Transpose:
.
T . . o
a4y 4y a4y Gy
41 = o N p ,
[ ] =G Ap 4y =lan 4y a4y a; =a;
. p .
a3 4y Ay A3 Ay 4y
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Matrix Arithmetic (4 of 4)

Determinants:

det [A] Think of this as the “magnitude” or “volume” of a matrix.

Matrix Inverse:

[4] " [4]=[1]

Matrix Division: Matrix Multiplication:
Al [B| predivide A\B Al||lB A| premultiplies | B
1 \
[B][A]fl postdivide B/A [B][4] [4] postmultiplies [B]
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While both expressions divide by [4],
these do not give the same answer.

Matrix Algebra
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Matrix Algebra (1 of 3)

Commutative Laws Associative Laws
[4]+[B]=[B]+[4] ([4]+[8])+[C]=[4]+([B]+[c])
[4][B]=[B][4] ([4](8))[c]=[4]([B][<])

[4][B] = [B][A] only when [A]
and [B] are diagonal matrices.

Matrix Inverses and Transposes Distributive Laws

[4]" (4] =[A)[4]" = [1] (L4« [BN)CT=[4[c]+[B][C]
(141) =[] [A)((B1+[CD=[4)[B)+[4][c]
(ALY =181 (4] T

(1Y) = (L1 (ta1) =141

(A <[4 +[2] (418D =[8] []
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Matrix Algebra (2 of 3)

Addition with a Scalar

o+ [A] = doesn't make sense

a+a, a, a,

a5 ata, - a,

alI]+[4]=| S '
anl an2 a+ann

Multiplication with a Scalar
a([4]+[B])=a[4]+a[B]

a([4][8])=(a[4])[B]=[4](«[B])
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Matrix Algebra (3 of 3)

Operations with Special Matrices

[0][4]=[4][0]=[0]
[2][4]=[4][7]=[4]
[0]+[4]=[4]+[0]=[4]
[4]-[4]=[0]
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Example of Matrix Algebra

Simplify the Following Equation

(c*A)’1 +D=BC+D

Step 1 — Subtract D from both sides Step 3 — Premultiply both sides by C.

(C'A) +D-D=BC+D-D CC'A=CC'B"
(C'A)'+0=BC+0 1A EN
A=B"'
(c'A) =BC

Step 2 — Inverse both sides

{(C*IA)"}_1 -{BC}"

C'A=C'B"
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