Facet Technologies, LLC
Exhibit 2055
LifeScan v. Facet
IPR2023-00712

Ex. 2055-001




CONSULTANT

Karl Warsi taught mathematics in
schools and colleges for many years.
He has created bestselling textbook
series for secondary-level students
worldwide and is committed to
inclusion in education, and the idea
that people of all ages learn in
different ways.

CONTRIBUTORS

Leo Ball is an Oxford physics graduate,
author, and physics teacher. He also
works with the Institute of Physics,
Oxford University, and the Welsh
Government in preparing students
from under-represented backgrounds
for Oxbridge entrance.

Heather Davis has taught
mathematics for 30 years. She

has published textbooks for Hodder
Education and managed publications
for the UK’s Association of Teachers
of Mathematics.

Julian Emsley is a maths teacher

and tutor on the sunny south coast of
England. He enjoys growing fruit and
veg, and cycling round the hills and
lanes of the South Downs.

Sue Pope is a long-standing

member of the Association of
Teachers of Mathematics and

co-runs workshops on the history

of mathematics in teaching at their
conferences. Published widely,

she recently co-edited Enriching
Mathematics in the Primary Curriculum.

Susan Watt studied mathematics
and science at Cambridge University,
and holds postgraduate degrees in
philosophy and psychology. She was
editor of the international magazine
Science in School and has contributed
to many maths and science books for
DK and other publishers.

CONTENTS

7

WHAT IS MATHS?

NUMBERS

10

NUMBERS ABOVE
AND BELOW ZERO
Integers

BREAKING NUMBERS
Fractions

POSITIONING THE POINT
Decimals

PARTS OF 100
Percentages

THE X FACTOR
Factors and multiples

PRIME TIME

Prime numbers
MULTIPLIED BY ITSELF
Powers and roots

PUZZLING POWERS
Negative and zero powers

PRIME BUILDERS
Prime factors

NOTATING GREAT AND SMALL

Standard form

A DIFFERENT WAY
OF THINKING
Complex numbers

NUMBER SETS
Types of number
DIFFERENT BASES
Base arithmetic

GROUP RULES
Group theory

CALCULATIONS

28

TWO STEPS FORWARD,
ONE STEP BACK
Addition and subtraction
THREE THREES ARE?
Multiplication

EQUAL SPLIT

Division

HUNDREDTHS AND

THOUSANDTHS
Calculating decimals

MORE OR LESS
Rounding and estimating

FRACTION SUMS
Calculating fractions

Ex. 2055-002



GEOMETRY

40

41

42

44

46

48

50

52

53

54

56

58

60

62

MEASURING TURN
Angles

PARALLEL RULES
Angles in parallel lines

FLAT SHAPES
2D shapes

FLAT WITH THREE SIDES
Types of triangle
FOUR-SIDED FIGURES
Types of quadrilateral
THE SUM OF MANY ANGLES
Angles in a polygon

3D SHAPES

Types of solid

MAKING PLANS

Plans and elevations
MULTIPLE COPIES
Symmetry

PLOTTING POINTS
Coordinate geometry

TRANSFORMING SHAPES
Transformations

SHAPE-SHIFTING
Topology

4D GEOMETRY
Minkowski space

ZOOMING IN
Fractal geometry

ALGEBRA

GRAPHS

68
69
7’I

P72

P73

L 74

W

P76

BUILDING BLOCKS
Terms and expressions

KEEP IT SIMPLE

Simplifying expressions
USING POWERS

Laws of indices

RESHAPING EXPRESSIONS
Expanding and factorizing
DEFINING RELATIONSHIPS
Formulae

A BALANCING ACT
Linear equations

WHAT ARE QUADRATIC
EQUATIONS?

Quadratic equations
SOLVING BY SUBSTITUTION
Simultaneous equations

NOT ALL EQUATIONS
ARE EQUAL
Inequalities

WHAT NEXT?
Sequences

UNIQUE NUMBER PATTERNS
Special sequences

80

82

83

84

85

FUNCTION MACHINES
Functions

PLOTTING A

LINEAR EQUATION
Linear graphs

PARABOLAS

Quadratic graphs
GRAPHING EQUATIONS
Solving equations with graphs

USING REAL-WORLD DATA
Real-life graphs

RATIO AND
PROPORTION

88

90

COMPARING AMOUNTS
Ratio

COMPARISON RELATIONSHIPS
Proportion and percentage

i 92
96

i 98

CALCULATING CHANGE
Percentage increase and decrease

ADDING UP OVER TIME
Compound percentages

PROPORTIONAL CHANGES
Direct and inverse proportion

IDEAL PROPORTIONS
The golden ratio

EXPONENTIAL GROWTH
Exponentials

102
104
105
106
108
109
110

112

%MEASURE

MADE TO MEASURE
Units of measurement

A MATTER OF TIME

Time

THE AREA OF SHAPES
Area and perimeter
TALKING IN CIRCLES
Circles

SPACE FILLER

Volume

A NET RESULT

Surface area

A DEGREE OF ACCURACY
Accuracy and bounds
RIGHT-ANGLED TRIANGLES
Pythagoras’ theorem

SCALE FACTOR
Scale drawings and maps

Ex. 2055-003




SIMILAR OR THE SAME?
Congruence and similarity

CALCULATING WITH
TRIANGLES
Trigonometry

TRIGONOMETRY IN ACTION
Applications of trigonometry

OBLIQUE TRIANGLES
Sine and cosine rules

COMBINING UNITS
Compound measures
SETS OF POINTS
Constructions and loci

MAGNITUDE AND DIRECTION
Vectors

WHAT IS THE MATRIX?
Matrices

STATISTICS AND
PROBABILITY

130 ARE STATISTICS VITAL?
Statistics

131 SURVEYS AND SAMPLES
Collecting data

132 DATA CHARTS
Representing data

134 MAKING SENSE OF DATA
Analyzing data

136 WHAT DOES IT MEAN?
Interpreting data

137 FINDING CONNECTIONS
Correlation

138 MEASURING CHANCE
Probability scale

151

152

153

COUNTING OUTCOMES
Probability experiments

IN A PERFECT WORLD
Theoretical probability

TESTING THE ODDS
Comparing experimental and
theoretical probability

TREE OF POSSIBILITY
Probability of combined events

PART OF THE UNION
Venn diagrams

IT DEPENDS
Conditional probability
DATA MAPS
Probability distributions

VERY UNLIKELY EVENTS
Infinite monkey theorem

CALCULUS

{150

MEASURING CHANGE
Rates of change

CHANGING VALUES
Derivative of a function

SUMMATION OF QUANTITIES
Estimating areas

AREA UNDER A CURVE
Integral of a function

INVERSE PROCESSES
Fundamental theorem of calculus

PRACTICAL CALCULUS
Applications of calculus

INDEX

Ex. 2055-004




Ex. 2055-005




MASS A range of measures \OUDNEs A M ATT E R O F T I M E

Different units of
measurement are used to

i/ \ measure different things: e "\}\ Time can be described as the duration of an event or the
B from the speed of a moving o ) J ‘ intervals between events. Standard units of time include
i object to the loudness of , 4 ;
a sound. The latter is seconds, minutes, hours, days, weeks, and years. Early
measured in decibels (db). civilizations derived some of these measurements
from observing the Sun’s movement in the sky.
O\STANCE SPEED This is related to the rotation and orbit of
i 4,

Earth, which takes 24 hours (one day) to
rotate on its axis and about 365 days
(one year) to orbit the Sun.

To convert : t To convert from x
TIME g‘/\PERATUQ CAPACIT) from hours to x days to weeks, ;
2 " minutes, multiply i ¥ w divide the : J
the number of { O o number of : g
hours by 60. 2 ___________ > (Z) days by 7 'E
] Q S
b [} : Do
= v : e
iZ %60 i +60 :
: : " :
-
3 ,Q ................ ‘
é R LA ’ z ..................... } |
P = : |
MADE TO MEASURE 9 A
: ) : ‘
A measurement is an attempt to quantify the size of something. g
There are two main systems of measurement: metric and imperial. <24 f 24
They use different units of measurement. For example, in metric, 3
. . . : wn i
distances are measured in lengths such as millimetres (mm), ettt % |
centimetres (cm), and kilometres (km). In imperial, inches (in), o > a 5
; feet (ft), and miles are preferred. A measurement is only as x7 v it
| : i
. accurate as the tool used to make it. Because of this, upper f w '
} and lower bounds are useful for describing accuracy (see p.109). s : TR
102 | UNITS OF MEASUREMENT TIME | 103
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& i Aparallelogram is made up of two & i The formula to find the area of
Q i pairs of identical, opposite sides. s i a parallelogram is Area = base x
v i Adding the length of the base and © | height (A= b x h). For example,
& : an adjacent side and doubling the Z : with a base of 5m and a height of
é i result will give the perimeter. 'E i 3m, the total area would be 15m?.
@ 5
H O
: S
< i
Ui
Q
&
&
S
<&
A
=
=
-
I
s
A T
REA (A T

BASE (b)

THE AREA

Area is the size of a two-dimensional surface. It is measured
in square units of length such as square centimetres (cm?) and
square metres (m?). Some shapes have a specific formula for
calculating their area. A closed shape’s perimeter is the sum
of the lengths of its sides. Here, the garden is a parallelogram,
the size of its surface is its area, and the sum of the garden’s
edges (the fence) is its perimeter.

104 | AREA AND PERIMETER

|
«?‘\}\NG N C/p &

A circle is a round
shape that consists of a
single closed line made up of
points a fixed distance from the circle’s
centre. A circle’s circumference (perimeter)
divided by the its diameter gives m (pi),
which is 31416 (to 4 decimal places). As this
is true of all circles, r is useful for finding a
circle’s area or radius when one or the other
is unknown. Circles alsg have unlimited
lines of symmetry, and the smallest

ratio of perimeter to area of any

<

CIRCUMFERENCE

The total length
of the circle’s
outer edge.

DIAMETER

Aline that
cuts a circle
exactly in half.

RADIUS

two-dimensional shape.

SEGMENT

CHORD

Anatomy of a circle
A circle has many different parts
formed by straight lines inside and
outside of the circle. Each part
has its own specific name.

SECTOR

Aline from the
centre to the
outer edge. Two
radii form a sector
between them.

AREA

A straight line linking
two points on the
circumference. it
divides a circle into
two segments.

TANGENT

Aline that passes a circle,
touching it at one point.

CIRCLES | 105
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i The radius is the distance from
the centre of the cylinder’s
i circular face to its outer edge.

S PAC E Fl L L E R Cylinder

A cylinder is made up of two identical
and parallel circles connected by a
curved surface. Its height is the
distance between the circles.

A cylinder’s radius and height

must be known before its :
volume can be calculated. i RADIUS ()

The volume of an object is the amount of three-dimensional
space it occupies. The volume of a solid, liquid, or gas is
measured in cubic units. An object’s volume can also be

helpful for calculating its mass. Simple shapes often have i
. =axr’x
a formula that can be used to find their volume. The volume V=axrixh A
contained within a hollow container is called its capacity. }
. s
-
3
Cuboid ¢ Imagine this is a box of sugar =
The cubic units in a cuboid i cubes. Another way to find the *
are easy to visualize. To box's volume Is to mUIt.'p!y t'he
find the shape’s volume i number of cubes that fit inside v
vhes P g i by the volume of a single cube. APEX :
multiply its length, width,
and height together.
Veixwxh
é s, The vertical height of
-~ acone is the distance
o from the centre of the
i e base to the apex.
S -y
i S
it =
W 5 .
o > y
: ! RADIUS (»)
v
e 4 RADIUS ()
CENTRE OF i
BASE ;
., \\\ Cone Sphere
- ,,.~"".‘;6‘“ A cone has a circular base Every point on the surface of a
@ connected to an apex (point) sphere is the same distance from
‘1’/0r In this e Onecublc by a curved surface. To find a its centre. To calculate a sphere’s
”’(Q}"" unitis 1em x 1¢m x 1em. cone’s volume, its radius and volume, the only measurement
: ; As a result, the cuboid’s vertical height must be known. required is the sphere’s radius.
AL dimensions can be counted. V=lVsxaxvr’xh V=%x1xy’
106 | VOLUME VOLUME | 107
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RADIUS

The circle
has the same
radius as

the cylinder.

A NET RESULT

The total area of a three-dimensional object’s surface is
called its surface area. Knowing an object’s surface area
has many real-life uses, such as allowing us to find the

':':' The height of E A cylinder’s
© i the cylinder in 54 middle section,
T | itsoriginal state O i unrolled,
v } is now the width .,zt becomes a
& : of this rectangle. C rectangle.
o &
z
pur}
>
(€]

b3

o

o

L

exact amount of paint needed to cover the object.
The surface area of a building or living creature also

determines how much heat is lost through its surface.
It can be helpful to visualize a shape's surface area as
if the shape has been flattened or opened out = this

is called its net. Some three-dimensional shapes have
their own formula for calculating their surface area.

ORIGINAL FORM

A cylinder is made
up of two identical
circles connected by
a curved surface.

108 | SURFACE AREA

Opened
out flat
This isthe net of a
cylinder. The cylinder’s
surface areais the sum
of the area of the
rectangle and
the circles.

Q,EE OF ACC(/'P

G
0@ 4 1

V.

Defining the bounds i
These scales measure an object’s
weight to the nearest 10g. As a
result, the exact weight of this I
apple could be anything from
75-85g. This means the lower
bound is 75g and the upper
bound is 85g.

TO THE NEAREST 10 GRAMS

80g

No measurement can be exact. As a result, there are a number
of ways to describe its accuracy. This includes to the nearest
amount (such as the nearest 10g), to the nearest percentage
(such as the nearest 5%), or to a certain number of significant

figures (e.g. 1.43km, to 2 significant figures, is 1.4km). The smallest
amount that would round to the value of a measurement is called
the lower bound, and the top limit is called the upper bound.

ACCURACY AND BOUNDS | 109

S

o
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Finding the length
Create a right-angled triangle and write down
Pythagoras’ Theorem:
a*+ bi=c?
Measure lines a and b and input them
into the formula:
4+ 6%=c?
Calculate the square numbers:
¢ 16 + 36 = ¢?
This gives the length of line ¢ squared:
52 =¢?
Swap the order, and square root both sides:
Je? =452
This gives the length of line c:
¢ = 7.2 (to 2 significant figures)

LMK G-
€ ‘°0\\A S ® ‘\9’6\6\)?’@
o(b (\,0)‘ 6\&.'\0 o"% o \ @o
WO @ (@ ae” XN (& 80
IV R 6Y o & 2N
‘(\e \& o) Q,o& ".,//Q \Q)
xS \(\O(Q O‘& X ’b(\q O
W e 8§ NP
) x° L5 O O )
e a0 \(\e( e’b" 2 A\
& & o S - Lt o(@
Q‘(\ QOCD . && 6\ ‘Q“ﬁ
(o) \ 6@ \\’?')5
e\ N

110 | PYTHAGORAS' THEOREM

B SQUARED

Line b has a lengthof
4. Squared, this results
in‘a4 x4 square of 16
smaller squares.

Demonstrating Pythagoras
To demonstrate the theorem, draw
the squared sides of the triangle as

blocks of squares. Then count the
number of individual squares within
each block. The number of squares
in @’ and b? combined is equal to ¢’.

C

a’*+ b =¢?
32+ 42 =52
9 +16=25

.

b

PYTHAGORAS THEOREM | 141

A SQUARED

|
]
3

The length of line ¢ is
5. The square of this |
value can be depicted |
as a5 x 5 square made
of 25 smaller squares. !

Line a has a length
of 3 which, squared,
resultsina3 x3
square made up of

9 smaller squares.
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A scale factor of o

i means that a real-life
i distance of 3m s
represented here by

i alength of 3m = 50.

i This is 0.06m, or 6¢m.

DRAWN TO SCALE

Built with maths
in construction, the use of a
scale factor allows accurate
blueprints to be drawn up in
advance of building work in
order to plan and implement
construction effectively.

8 METRES

i Drawing a plan

i to scale can help
i ensure that the

i placement of key
i features, such

i as this window,

i is both possible

i and optimal.

FEATURE PLACEMENT

112 | SCALE DRAWINGS AND MAPS

3.5 METRES rreereeerereemsccnncninninninnes

-

1.8 METRES -

SCALE

FACTOR

Scale drawings and maps share the same
proportions as the real-life buildings or areas
they depict. They are drawn using a scale factor,
which works by multiplying every measurement
by the same number. This scale drawing, for
example, has a scale factor of 40 (also written
as 1:50). This means that every length in the
drawing is “%o of the real-life length that it
represents. Scale factors have many real-life
uses, and they are integral to construction,
furniture design, and maps. In 3D, scale
factors are used in scale models.

SCALE FACTOR: %o

|
SCALE DRAWINGS AND MAPS | 113
\
|

g |

N
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These dolls are identical
in size and shape and are
therefore congruent.

IDENTICAL DOLLS

This doll is the same shape
as the dolls to its side, but
it is a different size. This
means they are similar.

SIZE DIFFERENCE

SIMILAR

In geometry, two shapes are referred to as similar if they share

the same proportions. For example, if a shape’s sides are double the
length of another shape’s sides, and both shapes have matching angles,
they are similar. Furthermore, if two shapes have matching lengths in
addition to matching angles they are referred to as congruent. The
orientation or position of the shapes does not impact on whether they
are similar or congruent. Congruence and similarity can also apply

to three-dimensional objects such as dolls (see above).

114 | CONGRUENCE AND SIMILARITY

CONGRUENT

OR THE SAME?

Congruent or similar

Although these dolls share the same
shape because their proportions are the
same, some are larger than others. All of
the dolls are similar, and the three pairs
of identical size are congruent pairs.

SIMILAR

"™

Two congruent shapes
will aiways share the
same side lengths é
and angles. '

CONGRUENCE AND SIMILARITY | 115
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UNKNOWN ANGLE

To find this angle, the
side across from it (the
tree’s shadow) is labelled
the opposite, while

the tree’s height

is the adjacent.

“Trigonometry ...
was not the work
of any one man

or nation.”
Carf Benjamin Boyer

116 | TRIGONOMETRY

ADJACENT (6 M)

90°

Pythagoras' theorem

(see pp.110-11) can be
used to calculate this
length as 11.0m (to 3

significant figures).

Using a scientific
calculator, divide the
opposite by the adjacent.
Using this number, press
the inverse tangent button
(tan?) and enter it. This
gives the angle as 56.9°

(to 3 significant figures).

UNKNOWN LENGTH

KNOWN LENGTHS

Choosing an angle and a ratio
Start by choosing an angle to find - in
this case, the top left angle. This angle’s
opposite and adjacent lengths are both
known. Because the tangent is derived
from dividing the opposite side length
by the adjacent side length, the tangent
can be used to find the angle.

OPPOSITE (9.2 M)

TRIGONOMETRY | 117
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L oo @S TRIGONOMETRY IN ACTION

The calculations of three o , QQ.O L ‘
more GPS satellites are so / AQ'Q. : ‘
‘ precise that a GPS-enabled /& Trigonometry is used in many different fields, from construction and
| i smartphone is accurate / q . R A g A A
| ; _pnone ! /& e navigation to aviation and astronomy. This is because it is useful for
| ; to within around 5m /o : <888 \ g Y
} under open sky. /& A g R ‘\ \ \ calculating distances, heights, and angles. For example, astronomers use
| ‘ / S \.\ AT L trigonometry to measure the distance between stars in the night sky,
| i { g LB architects use it to calculate the dimensions of buildings in planning,
‘ | [ K and Global Positioning Systems (GPS) rely on trigonometry applied to 4
1 Z <) satellite signals to determine a GPS receiver’s exact location on Earth. f1
; [a) \ g f

| the three satellites intersect
at an exact location on Earth’s
surface. This is where the GPS
receiver is located.

GPS RECEIVER

GPS satellites equipped
with atomic clocks emit
highly precise time stamps
so that their location can

I
|
1. The distance calculations of
{
| ; "
| be pinpointed at all times.

l
!
SATELLITE {
|
|
\
|
|
|

How does GPS work? !
A GPS satellite works by giving its position
in space and its distance from a GPS receiver
on Earth. At least three satellites must do
this at once for the intersection of their
distance calculations to occur at a single
) point on Earth’s surface. This process is
AN known as trilateration.

118 | APPLICATIONS OF TRIGONOMETRY APPLICATIONS OF TRIGONOMETRY | 119
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1 O B L I Q U E T R I A N G L E S Q : The speed of a moving & i The distance an object has
5 w object can be found by E travelled can be found by
; v ¢ dividing the amount of 5 multiplying its speed by
| ; : g s 2 g time it has been moving 8 : the amount of time it
An oblique triangle is a triangle without a right B by the distance it has been moving.

angle. The sine and cosine rules are used to , has travelled. DISTANCE
! find an unknown side or unknown angle of
an oblique triangle. They can only be used
when some of the triangle’s sides or angles
are already known. Which rule is used
is based on which values are known.
I8 When inputting known values into
either sine or cosine rule, each

f angle (for example, A) is paired g SPEED TlME
with its opposite side (a). Sine
and cosine are abbreviated

DISTANCE = SPEED x TIME

B

on a calculator keypad as SPEED = DISTANCE + TIME  TIME = DISTANCE + SPEED
sin and cos. Variations of the rules
There are two versions of the sine
rule: one for finding a side (see below) CO M B I N I N G U N lTS
Qa and one for finding an angle. Similarly C
there are two versions of the cosine \
rule: one for finding a side and another A compound measure uses two or more different units.

for finding an angle (see below). For example, the speed of a moving object is often

measured in kilometres per hour (kph) or miles per

hour (mph). These compound measures account
SINE RULE COSINE RULE

(UNKNOWN SIDE VERSION) (UNKNOWN ANGLE VERSION) for both the amount of distance travelled
a b & b4 e g and the amount of time that passes.
7 = g CORAm oo Other compound measures include
sin A sin B sinC 2bc .
i pressure, force, density, and the
area and volume of objects
(see pp.106-107).
C A

120 1 SINE AND COSINE RULES COMPOUND MEASURES | 121
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SIGNAL RANGES

The 580 m range of
each tower is shown
as intersecting circles
with a 5.8cm radius.

OVERLAPPING AREA

The area of overlap
between the signal
ranges of the two
towers forms a locus.

P 1CM=100M

SETS OF POINTS

A construction is an accurate drawing made with a pair of compasses
and a straight edge (usually a ruler). This could be a drawing of a locus
(plural: loci) - a set of points which meet one or several conditions. One
example of a locus is a circle (see opposite). Loci can be in 1D, 2D, or 3D,
Loci can also be combined to form a new locus, such as in the simplified

scale drawing of two transmission towers above. It shows a locus
formed by the area of overlap between two loci (circles).

122 | CONSTRUCTIONS AND LOCH

Given point i iLocus i Given point i Locus

Set distance from a point
Place a pair of compasses at a given
point and draw a full circle. This
locus meets the condition of its
points all being situated the same
distance from its centre.

Set distance from a line segment
This locus consists of points a fixed
distance from a line segment. Draw
the semicircular ends with a pair of

compasses, and then the straight
sides with a ruler.

Right angle
(90°) J
................................ ‘
~
: The locus
i bisects a
This type of line segment
i locus is called an connecting the
angle bisector. two points.

Equidistant from two points
Drawing a locus equidistant from two
points forms a perpendicular bisector:

a straight line that passes (at 90°)

through the midpoint of a line
segment joining the two points.

Equidistant from line segments
This locus is a straight line made up
of a set of points that meet the
condition of lying equidistant
{the same distance) from the two
intersecting yellow line segments.

CONSTRUCTIONS AND LOCI | 123
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STARTING POINT

124 1 VECTORS

i In a still body of

i water, the boat's

i route would be a

i vector of dimensions
{ 30 across and 0 up

i or down.

INTENDED ROUTE

A vector is a distance in a certain direction. Every
vector has a size and a direction. In diagrams this is
drawn as a line with an arrow on it. The length of the
line indicates the size of the vector while the arrow
signifies the direction. A vector is often expressed

by giving the horizontal units (for example, metres)
over the vertical units (see opposite). If the horizontal
units are positive, the direction of the vector is right,
and if negative, left. Similarly, if the vertical units are
positive, the vector moves up, and if negative, down.

CURRENT

1
o
z
2]
o
O
w
=
a

i With diagonal vectors,
i the vector forms

the longest side of a

i right-angled triangle.

HYPOTENUSE

A diagonal journey

A boat sets out to sail to the
opposite side of a 30 m-wide
river. En route, the river’s
current pushes the boat 20m
downriver. The boat’s path

is a vector with dimensions
30 across and 20 down.

i The vector
i moves 30 units
: to the right.

30 )
-20

The vector
i moves 20 units
: downwards.

4
o
2
4
&
w
[a)
o
w
[a]
z
w
-
z

-

o

=

O

w

=y

Qg

- B

< |

VR

>

o

W

>
|—
<
o
Q.
Q
Z
w
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WHAT IS THE MATRIX?

A matrix (plural: matrices) is a rectangular grid of numbers or variables
enclosed by square or curved brackets. Matrices record information in
rows and columns that can be extended to hold huge amounts of
data. They allow a computer to automate calculations and have
applications in areas such as physics, computer science, and
cryptography. Matrices can be added, subtracted, or multiplied.
They are also used to transform two-dimensional shapes
(see opposite) and three-dimensional shapes.

‘3f4=7

«) (4) 0 (7) 8
o =

4 6 1 -9 5 -3

Manipulating matrices
To add or subtract matrices, each element
in the first matrix is added to or subtracted from
the corresponding element in the second matrix.
To multiply matrices, each row in the first matrix is
multiplied by each column in the second matrix.

The first verified usage of
matrices occurred in ancient
China in the 2nd century BCE.

126 | MATRICES

JP

A
........................ » X

y

4
X

y

4
................. ’ X

Horizontal shear
This matrix applies a horizontal
shear to the original square
(purple), slanting it to the right.

1 x
X

0 1 y
Reflection

This matrix reflects the original
square (purple) across a line of
symmetry at the y-axis.

~1 0 x
X
0 1 y
Enlargement

This matrix enlarges the
original square (purple)
by factor 1.5.

MATRICES | 127
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