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Introduction

Here we introduce and gain confidence with functions and their graphs.
Drop-in Study Sessions: Monday, Wednesday, Thursday, 10am-12pm, Meeting Room
2204, Second Floor, Social Sciences South Building, every week.

Website: Slides, notes, worksheets.

http://www.studysmarter.uwa.edu.au — Numeracy — Online Resources

Email: geoff.coates@uwa.edu.au

Workshops that follow this one

Week 6: Tuesday 9/4 (12-12.45pm): Domain and range
Week 7: Tuesday 16/4 (12-12.45pm): Functions and transformations
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Functions

A function is a rule which assigns elements of one set to elements of another (possibly
the same) set.
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Functions

A function is a rule which assigns elements of one set to elements of another (possibly
the same) set.

Set A— Set B

A W NN =
©
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Functions

A function is a rule which assigns elements of one set to elements of another (possibly
the same) set.

We can assign, or map, elements of A to elements of B using arrows as follows:

Set A — Set B
5
7
9

S~ W =
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Functions

A function is a rule which assigns elements of one set to elements of another (possibly
the same) set.

We can assign, or map, elements of A to elements of B using arrows as follows:
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Functions

A function is a rule which assigns elements of one set to elements of another (possibly
the same) set.

We can assign, or map, elements of A to elements of B using arrows as follows:

Set A— Set B

S~ W =

This is just one example of a function between A and B.
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Functions

What makes a rule a function?

o It sends each number in a set (maps it to a new number) in a (possibly different) set.
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Functions

What makes a rule a function?

o It sends each number in a set (maps it to a new number) in a (possibly different) set.

o Key Point: Functions do not send a single number to two different numbers.
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Functions

What makes a rule a function?

o It sends each number in a set (maps it to a new number) in a (possibly different) set.

o Key Point: Functions do not send a single number to two different numbers.
(However, you can send two different numbers to the same number.)
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Functions

Is this a function?
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Functions

Is this a function?

~

— 3
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Yes, because no single element gets sent to two different elements.
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Is this a function?
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Functions

Is this a function?

~

— 3

o
Yes, because no single element gets sent to two different elements.

Is this a function?

No, because 2 gets sent to both 4 and 5.
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Functions

We usually use the letter f for functions and we write f : A — B to indicate that f is a
function from A to B.
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Functions

We usually use the letter f for functions and we write f : A — B to indicate that f is a
function from A to B.

Then, instead of writing 1 — 3, we can write (1) = 3.
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Functions

We usually use the letter f for functions and we write f : A — B to indicate that f is a
function from A to B.

Then, instead of writing 1 — 3, we can write (1) = 3.

The notation is standard:

f(input) = output

Note: We are used to “f(x)" standing for “f x x” where f and x are variables. If we
really wanted to say this, we would write “fx".
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Functions

Generally, we deal with functions of the form f : R — R.
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Functions

Generally, we deal with functions of the form f : R — R.

Such a function maps real numbers to real numbers, so writing out a list of assignments
here would not be the best way to go!
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Functions

Generally, we deal with functions of the form f : R — R.

Such a function maps real numbers to real numbers, so writing out a list of assignments
here would not be the best way to go!

We use equations instead.
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Functions

Example: Consider the function which maps each element to twice its square.
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Example: Consider the function which maps each element to twice its square.

We can write

x — 2x°
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Example: Consider the function which maps each element to twice its square.

We can write
x = 2x°
or using function notation

f(x) =2x
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or using function notation
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Functions

Example: Consider the function which maps each element to twice its square.

We can write
x = 2x°
or using function notation

f(x) =2x

Here, x is the input, and 2x? is the output.
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Functions

Example: Consider the function which maps each element to twice its square.

We can write
x = 2x°
or using function notation

f(x) =2x

Here, x is the input, and 2x? is the output.

This allows us to specify the image (output) of any real number (input).
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Functions

f(x) =2x

This function is a rule for taking real numbers and turning them into new real numbers.
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This function is a rule for taking real numbers and turning them into new real numbers.

What does it change 3 into?
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Functions

f(x) =2x°

This function is a rule for taking real numbers and turning them into new real numbers.

What does it change 3 into? Change x in the formula to 3.

f(3)=2x3>=18
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Functions

f(x) =2x°

This function is a rule for taking real numbers and turning them into new real numbers.

What does it change 3 into? Change x in the formula to 3.
f(3)=2x3>=18

(Or3—18)
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Functions

f(x) =2x

This function is a rule for taking real numbers and turning them into new real numbers.

What does it change 3 into? Change x in the formula to 3.
f(3)=2x3>=18

(Or3—18)

Clearly, this rule does not send any number to two outputs.
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Graphing functions

It is often useful to represent function rules graphically on the Cartesian Plane (or (x,y)
co-ordinate system).

If you are already familiar with drawing the graphs of functions such as f(x) = x?, click
to skip this section.
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).
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Each coordinate system is a tool for describing the position of objects relative to some
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If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.

Example: Start at the origin.
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.

Example: Start at the origin. Then, walk three metres East

origin e
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.

Example: Start at the origin. Then, walk three metres East

N
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.

Example: Start at the origin. Then, walk three metres East and five metres North.

N

origin e————
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.

Example: Start at the origin. Then, walk three metres East and five metres North.
If everybody agrees on the origin, they should all end up in the same place.

N

origin e———
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The Cartesian Plane

In mathematics, we use many different coordinate systems to quantify space.

Each coordinate system is a tool for describing the position of objects relative to some
agreed fixed point (called the origin).

If everybody agrees and knows where the origin is, then you can describe to anyone how
to get to a certain point in space.

Example: Start at the origin. Then, walk three metres East and five metres North.
If everybody agrees on the origin, they should all end up in the same place.

N You are here

origin e———
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The Cartesian Plane

The most commonly used two-dimensional coordinate system is the Cartesian plane.
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2)

-5 -4 -3 -2 -1 1 2 3 4 5 X
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2)

-5 —4 -3 -2 -1 12 4 5 X
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2)

. A(3,2)

-5 —4 -3 -2 -1 12 4 5 X
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B: (—1,4)

-5 -4 -3 -2 -1 1 2 3 4 5
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B: (—1,4)
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B: (—1,4)

B (—1,4)

-5 —4 -3 -2 41 1 2 3 4 5 X
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B: (—1,4)

C: (-5,-2)

-5 —4 -3 -2 -1
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2)

5 —4 —3 —2 -1 1 2 3 4 5 X
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2)

45 —4 -3 -2 -1 1 2 3 4 5 X
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2)

45 —4 -3 -2 -1 1 2 3 4 5 X
-1

C (=5,-2)

N

geoff.coates@uwa.edu.au Introduction to Functions 14 /27



The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2) D:(0,3)

-5 —4 -3 -2 -1 1 2 3 4 5 X
-1

£ (-5,-2)

geoff.coates@uwa.edu.au Introduction to Functions 14 /27



The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2) D:(0,3)

y

5
B (-1,4),

-5 —4 -3 -2 -1 1 2 3 4 5 X

—1
C (=5,-2)
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2) D:(0,3)

—-5 —4 -3 —2 -1 1 2 3 4 5 X
-1
.C (751 72)
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The Cartesian Plane

We specify points in the Cartesian plane as an ordered pair (x,y).

Examples: A: (3,2) B:(-1,4) C:(-5,-2) D:(0,3)
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Equations and Relationships

An equation which involves two variables is a mathematical way to express the
relationship that exists between them.
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Equations and Relationships

An equation which involves two variables is a mathematical way to express the
relationship that exists between them.

Example: Consider the equation

y=x

This says that whatever number x is, y is always the square of this number.
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Equations and Relationships

An equation which involves two variables is a mathematical way to express the
relationship that exists between them.

Example: Consider the equation

y=x

This says that whatever number x is, y is always the square of this number.

So, y and x are related to each other in some way.
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Equations and Relationships

y=x

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.
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Equations and Relationships
y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.
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Equations and Relationships
y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0
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Equations and Relationships
y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0"=0
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Equations and Relationships
y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0=0 — (xy)=/(0,0)
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Equations and Relationships

y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0=0 — (xy)=/(0,0)

x:1:>y:12:1
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Equations and Relationships

y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0=0 — (xy)=/(0,0)

X:1:>y:12:1 — (X7)/):(171)
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Equations and Relationships

y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0=0 — (xy)=/(0,0)

X:1:>y:12:1 — (Xay):(l’l)

x=2=>y=2=4 - (x,y) =(2,4)
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Equations and Relationships

y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0=0 — (xy)=/(0,0)

X:1:>y:12:1 — (Xay):(l’l)

x=2=>y=2=4 - (x,y) =(2,4)

x=3=y=3=9 = (xy)=(3,9)
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Equations and Relationships

y=x*

It is convenient sometimes to plot all the points (x, y) which satisfy an equation.

Usually, this is done by feeding in x values and retrieving y values.

x=0=y=0=0 — (xy)=/(0,0)

X:1:>y:12:1 — (Xay):(l’l)

x=2=>y=2=4 - (x,y) =(2,4)

x=3=y=3=9 = (xy)=(3,9)

By feeding values through our relationship, we obtain coordinates which we can display in
the Cartesian plane!
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Equations and Relationships

Graph the coordinates: (0,0),(1,1),(2,4),(3,9)

-5 -4 -3 -2 -1 1 2 3 4 5 X
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Graph the coordinates: (0,0),(1,1),(2,4),(3,9)
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Equations and Relationships

Graphing a few coordinates of a relationship draws only a piece of the mathematical
relationship.

-5 —4 -3 -2 —1 1 2 3 4 5 X
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Equations and Relationships

Graphing a few coordinates of a relationship draws only a piece of the mathematical
relationship.

The relationship becomes smooth as we plot more and more coordinates.

y

-5 —4 -3 -2 -1 1 2 3 4 5 X
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Equations and Relationships

Graphing a few coordinates of a relationship draws only a piece of the mathematical
relationship.

The relationship becomes smooth as we plot more and more coordinates.
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Equations and Relationships

Graphing a few coordinates of a relationship draws only a piece of the mathematical
relationship.

The relationship becomes smooth as we plot more and more coordinates.

y

-5 —4 -3 —2 -1 1 2 3 4 5 X

To get a smooth curve (called the graph of the function) imagine plotting infinitely many

points.
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Equations and Relationships

Graphing a few coordinates of a relationship draws only a piece of the mathematical
relationship.

The relationship becomes smooth as we plot more and more coordinates.

y
9

-5 —4 -3 —2 -1 1 2 3 4 5 X

To get a smooth curve (called the graph of the function) imagine plotting infinitely many

points.
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Equations and Relationships

Graphing a few coordinates of a relationship draws only a piece of the mathematical
relationship.

The relationship becomes smooth as we plot more and more coordinates.

y
9

-5 —4 -3 —2 -1 1 2 3 4 5 X

To get a smooth curve (called the graph of the function) imagine plotting infinitely many

points.
geoff.coates@uwa.edu.au Introduction to Functions 18 / 27



Functions
2

y=x

Visually, functions pass the “vertical line test”. Vertical lines strike the graph once or not
at all.

f(x)
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Is this a Function?

x—=3+x
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Is this a Function?

x—=3+x

Test: What does 4 get mapped to?
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Is this a Function?

x—=3+x

Test: What does 4 get mapped to?

453+4=—T1or7
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Is this a Function?

x—=3+x

Test: What does 4 get mapped to?

453+4=—T1or7

Two ouputs for the input 4, so not a function.
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Is this a Function?

x—3+x

f(x)=3xx
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Is this a Function?

x—3£x
f(x)=3xx

This is, effectively, two straight lines f(x) =3+ x and f(x) =3 — x
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Is this a Function?

x —=3Ex
f(x)=3xx
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f(x)
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Is this a Function?

x —=3Ex
f(x)=3xx
This is, effectively, two straight lines f(x) =3+ x and f(x) =3 — x:

f(x)

/| X
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Is this a Function?

This is, effectively, two straight lines f(x) =3+ x and f(x) =3 — x:

geoff.coates@uwa.edu.au

x—3+x

f(x)=3xx

f(x)

/|

/

<

Does not pass the vertical line test.

Introduction to Functions
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Is this a Function?

Notice that f(x) occupies the y—axis. We can use y instead, and say that y is a function
of x.
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Is this a Function?

Notice that f(x) occupies the y—axis. We can use y instead, and say that y is a function
of x.

That is, as x varies, so does y in a way dependant on x.
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Is this a Function?

Notice that f(x) occupies the y—axis. We can use y instead, and say that y is a function
of x.

That is, as x varies, so does y in a way dependant on x.
Example:

y = 4x? is the same as f(x) = 452,
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Is this a Function?

Notice that f(x) occupies the y—axis. We can use y instead, and say that y is a function
of x.

That is, as x varies, so does y in a way dependant on x.
Example:
2

y = 4x? is the same as f(x) = 4x°.

The y notation is friendlier to rearrange.
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Is this a Function?

Does the following equation specify y as a function of x?

x+3y =10
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Is this a Function?

Does the following equation specify y as a function of x?

x+3y =10

. 10
Yes, because we can rearrange it to read y = 3

wl X
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Is this a Function?

Does the following equation specify y as a function of x?

x+3y =10

10

Yes, because we can rearrange it to read y = 3

wlXx

This is the equation of a straight line - which will clearly pass the vertical line test.
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Is this a Function?

Does the following equation specify y as a function of x?
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Is this a Function?

Does the following equation specify y as a function of x?
X +y*=9

No, because if we re-arrange it, we get y = £1/9 — x2. One value of x gives two values
of yl

For example, if x =0, y = £3 (which should be obvious from the original equation).
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Is this a Function?
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Is this a Function?

7~
<+
x
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Is this a Function?

7~
<+
x
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Functions

Here are some examples of functions.

e f(x) = x>+ x — 5 (a polynomial)
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Functions

Here are some examples of functions.
e f(x) = x>+ x — 5 (a polynomial)

e g(x) = 3x* + 7 (another polynomial)
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Functions

Here are some examples of functions.
e f(x) = x>+ x — 5 (a polynomial)
e g(x) = 3x* + 7 (another polynomial)

o y = /x+ 7x (where"\/x" is defined to represent the positive square root only)
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Functions

Here are some examples of functions.

e f(x) = x>+ x — 5 (a polynomial)
e g(x) = 3x* + 7 (another polynomial)
o y = /x+ 7x (where"\/x" is defined to represent the positive square root only)

o u = 3v* (also a polynomial)

fz)=z+1

geoff.coates@uwa.edu.au Introduction to Functions 26 /27



Using STUDY Smarter Resources

This resource was developed for UWA students by the STUDY Smarter team for the
numeracy program. When using our resources, please retain them in their original form
with both the STUDY Smarter heading and the UWA crest.

THE UNIVERSITY OF
WESTERN AUSTRALIA

JOJO
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