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Introduction

* In this topic, we will
— Define square and rectangular matrices

— Define diagonal matrices, tri-diagonal matrices, and upper- and
lower-triangular matrices
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To review, a square matrix 1s a matrix where the number rows
equals the number of columns

Square matrices

— All matrices are rectangular matrices

— A square matrix 1s a rectangular matrix,

so we may end up referring to non-square rectangular matrices
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Zero matrix

Like the zero vector, the m x n matrix of all zeros is described as

the m x n zero matrix

— It is denoted with an italicized O subscripted with m, n
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— A square zero matrix may be representedby O,
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Matrices depending on zeros

A matrix may be given other names to identify them depending
on where the zeros of that matrix are:

— Diagonal matrices
— Tri-diagonal matrices
— Upper-triangular matrices

— Lower-triangular matrices
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Diagonal matrix
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A matrix is a diagonal matrix if all off-diagonal entries are zero

— The zero matrix is a diagonal matrix
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Diagonal matrix

* One important square diagonal matrix is the identity matrix

— All entries on the diagonal are 1, all other entries are zero
— Itis denoted /,

1 0 0 --- 0)
O 1 0 --- 0
/ =10 O 1 --- O
{O O 0 --- 1)
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Tri-diagonal matrix

* A matrix is a tri-diagonal matrix if the only non-zero entries, if
any, are on the diagonal or the sub- or super-diagonals

— All diagonal matrices are tri-diagonal
(82 =07 0 0 0 )
1.3 74 1.7 0 0
A=|0 1.8 68 1.2 O
0 0 1.5 93 14

(—1 7 0 0)
B=| 2 -4 0 0
L0 3 6 9)

0 0 0 L1 103) ;53 ;e
—6.4 —0.9
C=| 0 32
0 0
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Upper-triangular matrix

* A matrix is a upper-triangular matrix if the all entries below or
to the left of the diagonal are zero

— All diagonal matrices are upper-triangular
(82 -0.7 13 0.7 —-0.9)
0 74 1.7 1.8 1.1
A=|0 0 6.8 1.2 1.5
0 0) 0 9.3 1.4
0 0 0 0 10.3 ), 13 -28)

(—1 7 8 5)
B=| 0 -4 9 -3
L0 0 6 -2,

—-6.4 -0.9
C=| 0 3.2
0 0

. 0 0 ) 9<
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Lower-triangular matrix

* A matrix is a lower-triangular matrix if the all entries above or to
the right of the diagonal are zero

— All diagonal matrices are lower-triangular
(82 0 0 0 0 )

0.7 74 O 0 0
A= 1.3 0 6.8 0 0
0.7 1.7 1.2 93 O

(—1 0O 0 O0)
B=| 5 -4 0 0
-7 2 6 0

(0.9 11 15 14 103), ;5 o
—6.4 —0.9

C=| 78 32

0.5 4.7

L 9.6 2.1 . 4
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Summary

* Following this topic, you now
— Know about the zero and identity matrices
— Understand when a matrix may be described as being a
* Diagonal matrix
* Tri-diagonal matrix
* Upper-triangular matrix

* Lower-triangular matrix
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These slides were prepared using the Cambria typeface. Mathematical equations
use Times New Roman, and source code is presented using Consolas.
Mathematical equations are prepared in MathType by Design Science, Inc.

Examples may be formulated and checked using Maple by Maplesoft, Inc.

The photographs of flowers and a monarch butter appearing on the title slide and
accenting the top of each other slide were taken at the Royal Botanical Gardens in
October of 2017 by Douglas Wilhelm Harder. Please see

https://www.rbg.ca/

for more information.
PSP (e e
C‘ » 5

[ R \ y: €~ R

'\ﬁ. 3 @P/ ([~ 3 "

!5 b, . : T x\ : s/ . & b : »

'l- )"215/ \.‘_‘\/.; _;&:’ \"\ ‘.' , \/-i\‘\ ." :

5 % . ':_“,, <f * S \ svl(k /:l t\
\/ > 2, WY

k p ’ s i "j" L . .

[ P L , p.‘ ')..

"‘\/:_‘-—» S J‘ P 3N »

P ;:P-' / QL \‘ ;
= v

%o " ;’/ = » &
“ é




iy S o i ST & 4 e 'La e 1 y T - 5 . W ) £ -
g o 0 { . 4 f d > £ \ \Tn
‘it‘“" 3 L8 o 2 ey U Ol T R S 4 % ot v e \

Disclaimer

These slides are provided for the NE 112 Linear algebra for
nanotechnology engineering course taught at the University of
Waterloo. The material in it reflects the authors’ best judgment in
light of the information available to them at the time of preparation.
Any reliance on these course slides by any party for any other
purpose are the responsibility of such parties. The authors accept
no responsibility for damages, if any, suffered by any party as a
result of decisions made or actions based on these course slides for
any other purpose than that for which it was intended.
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