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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 2 - 2

Going up

Remy likes to train at the football stadium.
She builds stamina by running up and down
the stairs. To record her exercise, she
needs to know how many stairs she has
climbed.

On the way up, Remy strides 3 stairs at a
time. So with every stride, she adds 3 to the
number of stairs she has climbed.

Remy starts at the bottom of the stairs. We will call this stair number O.
After her 1% stride, Remy has climbed 3 stairs. She is on stair number 3.
After her 2" stride, Remy has climbed 3 more stairs so she is on stair

Remy’s counting is shown on the number line below.
Each arrow represents one stride.

On the number line, show 10 strides.

+3 +3
Yo \VeaR

0 3

Stair number that she is on after the 10" stride =

The same information can be put in a table. Complete the table below.

Number 1 1 1 | 5 1 3| 4 15| 6| 7|8 9|10
of strides

Stalir 0 3 6

number

If Remy has already counted to stair number 84, how many stairs will
she have climbed after her next stride?

What is the rule for finding the number of stairs she will have taken after
her next stride, when she knows the number of stairs she has already
taken?
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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 2 - 2

Remy finds it easier to count the number of strides she has taken than to
count by threes, so she decides to use a different method of calculation.

Remy climbs 3 stairs for every stride.

After 1 stride, she has climbed 1 lot of 3 stairs.

After 2 strides, she has climbed 2 lots of 3 stairs.
After 10 strides, she has climbed lots of 3 stairs.

After 65 strides, she had climbed lots of 3 stairs.

After 65 strides, explain how Remy could calculate the number of stairs
she had climbed.

After n strides (where n stands for any number), explain how Remy
could calculate the number of stairs she has climbed.
(Hint: Just write n where you would have written “the number of strides”.)

65 x 3 is a numerical expression. A numerical expression has one or
more numbers and operations. In this example, the operation is

n x 3 is an algebraic expression. It is called an algebraic expression
because it is an expression that includes an algebraic symbol.

An algebraic symbol is a letter that is used to stand for any number.
In this example, the algebraic symbol is

65 X 3 has the same value as 3 x 65.

Note: When writing an algebraic expression using multiplication:
numbers are always written before letters
a multiplication sign between letters or between letters and
numbers is usually omitted.
For example, 2 x x is usually written as 2x.

Write your algebraic expression for the number of stairs climbed (where
n is the number of strides taken) in this form.

Algebraic symbols are sometimes called pronumerals. “Numeral
means “number” and “pro” means “in place of”, so a pronumeral means
“in place of a number”. However, the word “pronumeral” can be
confusing because algebraic symbols are used to mean not just one
number, but any number.
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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 2 - 8

Patterns in linear relationships

All the algebraic expressions you have found in this chapter describe
linear sequences. This is because a person moving the same number of
stairs with each stride will land on a sequence of stair numbers that are
equally spaced. An expression that describes a linear sequence is called
a linear relationship.

If the variable (n) stands for the number of strides, there is a different
algebraic expression for each person depending on:

how many stairs they climb with each stride and

where they start.

Summarise your answers from previous activities using the table below.

Person Stairs move_d S_tarting Algebra_lic
with each stride | Stair number | expression
Activity 2 - 2 | Remy | 3 stairs up 0 3n
Activity 2 - 3 | Remy | 3 stairs down 197
Activity 2 - 4 | Remy | 1 stair up 5
Gina 1 stair up 0
Remy | 2 stairs up 4
Gina 2 stairs up 0
Activity 2 -5 | Remy | 3 stairs up 0 3n
Gina 2 stairs up 50
Activity 2 - 6 | Remy | 3 stairs up 0 3n
Victor | 3 stairs up -14

In each of these algebraic expressions, there is one variable (n).
The number that multiplies the variable is called its coefficient.

If a person moves up 3 stairs at a time, what is n multiplied by?
If a person moves up 2 stairs at a time, what is n multiplied by?
If a person moves up 1 stair at a time, what is n multiplied by?
If a person moves down 3 stairs at a time, what is n multiplied by?
Explain this pattern.
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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 2 - 8

The expression for a linear relationship contains two terms:
(1) the variable multiplied by its coefficient, and
(2) a number added on.

The value of the first term depends on the value of n.
The value of the second term does not change.
The number added on is therefore called a constant term.

Look at the algebraic expressions in your table on the previous page.

If a person starts on stair number 5, what is the constant term?
If a person starts on stair number 50, what is the constant term?
If a person starts on stair number 197, what is the constant term?

What is the value of the constant term if a person starts at the bottom of
the stairs of the stadium (which is on top of the change rooms)?

If the constant term is a negative number, where does the person start?

For each of the following people, write an algebraic expression to
describe the step number they will be on after they have made n strides,

Person 1 Starts on step 8. Moves 3 steps up with every stride.
Algebraic expression:

Person 2 Starts on step 192. Moves 2 steps down with every stride.
Algebraic expression:

Person 3 Starts on step 58. Moves 3 steps down with every stride.
Algebraic expression:

Person 4 Starts on step -14. Moves 4 steps up with every stride.
Algebraic expression:

Calculate which step each person will be on after making 20 strides.
Person 1.

Person 2:

Person 3:

P O S ON A
Is 4x20-14 thesameas -14+4x20?

Is 4n -14 the sameas -14+4n?_

Why or why not?
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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 3 -1

Functions

In Chapter 2 you found algebraic expressions that related
position number (n) within a linear sequence to
the value of the term in that position.

n was a called a variable because any position number could be chosen.

In the game of “Guess my rule” (Activity 2 - 9) the values chosen for n

were called input numbers.
Each input number, when substituted into the algebraic expression, gave
an output number.

An algebraic expression is like a machine that always does the same
thing to an input number to produce an output number.

(avaueof n)

EXPRESSION
3ln|+ 5

Look at the expression written in the machine drawn above.
If the value of n was 1, the output value would be 3 x 1 + 5 which is 8.

Complete the tables of input numbers and output numbers for the
following expressions.

1) 3n+5
Input 1 2 3 4 5 6 7 8 9 | 10
Output 8

2) -2n+1
Input 1 2 3 4 5 6 7 8 9 | 10
Output
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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 3 -1

-2n + 1 is an expression.
It describes a sequence of numbers where n is the position of a number
in the sequence.

-2n+ 1=y isafunction.

It is an equation that relates the value of an input number (ie. a value of
n) to a particular output number (ie. a value of y).

y=-2n+1 or y=1-2n isthe same function written in a different way.

Because the input number varies (ie. changes), the output number also
varies. Therefore, both n and y are called variables.

What is the coefficient of n in the functiony =1 - 2n?
What is the constant term in the functiony =1 - 2n?

In Chapter 2 you found expressions to describe the stair number that a
person would be on after taking a number of strides.
These expressions could also be written as functions where

the input is the number of strides taken and

the output is the resulting stair number.

For Remi: R=197-3n ForGina:G=2n+50 For Victor: V=3n-14

where nis the number of strides taken
R is the resulting number of stairs moved down by Remy
G is the resulting number of stairs moved up by Gina and
V is the resulting number of stairs moved up by Victor.

The function R = 197 - 3n means:
“the stair number that Remy will be on is 197 minus 3 times the
number of strides she has taken. ”

The function G = 2n + 50 means:

From looking at the functions for R, G and V, how could you tell:
1) which stair number the person is on before they take their first stride?
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PAS4.2 Stage 4 Patterns & Algebra Part A Activity 3 - 2

Cups and counters

A “cups and counters model” is sometimes used to show what is meant
by a variable in a linear expression.

Counters are small objects (eg. marbles) that

00060000 can be counted.
Cups are containers with a number of counters
in them. All the cups must contain the same
\ /\ / number of counters, but that number could be

any number.

Using a cups and counters model, the expression 3n + 5 is written as:

This is 3 groups of n
00000 counters plus 5 more
Draw one counter in each of the 3 cups above.

Now, how many counters are there altogether (including the 5 you can
already see)?

Draw another counter in each of the 3 cups.
There are now 2 counters in each cup.
How many counters are there altogether?

Write your answers to the questions above into the first two columns of
the table below. Complete the table by continuing to add a counter to
each cup (ie. to draw them in the cups) then adding up all the counters.

Input: the number of
counters in each cup
Output: the number of
counters altogether

1 2 3 4 5

In a cups and counters model, counters should not really be seen in the
cups because a cup is used to represent any humber (ie. a variable).

If T stands for the number of counters altogether, T=3n+5

In a cups and counters model,
- the coefficient of n is the number of

- the constant term is the numberof .
Draw a cups and counters
model for the expression

2n+ 3
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PAS4.5 Stage 4 Patterns & Algebra Part A Activity 4 - 4

In or out?

In this game, you and your partner each draw a rectangle on a number
plane. Your aim is to find the coordinates of the vertices (ie. corners) of
your partner’s rectangle. The winner is the first person to get the correct
answer.

On the last page of this activity (headed “My rectangles”) use a pencil to
draw a rectangle on the top number plane (GAME 1).
Each vertex of your rectangle must be:
in a different quadrant (not on the axes)
one of the marked grid points.
Do not let your partner see your rectangle.

On the page headed “Guessing my partner’'s rectangles”, use the top
number plane (GAME 1) to find the vertices of your partner’s rectangle.

Decide who will be Person 1 and who will be Person 2.

1. Person 1 chooses any point on the number plane, writes the
coordinates in their table (on the next page) and asks Person 2 if it is
inside or outside their rectangle.
If the point is inside or on the boundary line, Person 2 answers “in”.
- If the point is outside Person 2’s rectangle, Person 2 answers “out”.

2. Person 1 plots the point on their number plane (opposite their table):
- if the point is “in” they draw a small circle around the point
- if the point is “out” they draw a cross at the point.

Now it is Person 2’s turn to write and ask Person 1 about any point on
the number plane. Person 1 answers “in” or “out”.
Person 2 then plots the point with a circle or a cross.

Keep taking turns until one person thinks they know the coordinates of
the vertices of the other person’s rectangle.

Instead of their next turn, that person then lists the coordinates of all 4
vertices in the last column of their table and claims a win.

The other person then checks the claim and checks all the points listed.
- If one or more vertices are incorrect, play continues with the person
who found the error(s) then getting a double turn.
- If all 4 vertices are correct, the person who made the claim wins.
Play continues until both people have made a correct claim.

Beware: It is easy to mix up the x- and y-coordinates. Think about a way
to help you remember to move right/left from the origin before up/down.
eg. “crawl before you stand”.
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PAS4.5 Stage 4 Patterns & Algebra Part A Activity 4 - 4

GAME 1

Points | chose Vertices | guessed

Person who checked these points and vertices:

With your partner or as a class, discuss the strategies you used.
List some strategies below.

Play GAME 2 and see if you use fewer guesses than you did in GAME 1.

GAME 2

Points | chose Vertices | guessed

Person who checked these points and vertices:
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PAS4.5 Stage 4 Patterns & Algebra Part A Activity 4 - 4

Guessing my partner’s rectangles

GAME 1

$ ) ) t ' => X
5

1
(6)]
1
~1
1
wi
1
ot
1
'_\
o
[EEN
I\)—
w
Nl

GAME 2

$ ) ) t ' => X
5

1
(6)]

1
N

1
w

1
ot

1
H
o
H
N—
w
N

O 2006, McMaster & Mitchelmore 74 ISBN 0-9751382-6-X



PAS4.5 Stage 4 Patterns & Algebra Part A Activity 4 - 4

My rectangles
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PAS4.4 Stage 4 Patterns & Algebra Part A Activity 7 - 4

Mixed operations

Heather did not have her mobile phone with
her to make an urgent phone call.

She borrowed her son Ken’s mobile phone
and promised to pay him back right away for
the cost of the call. To do this, she needed to
know how long her call was.

Heather didn’t know exactly how long she talked on the mobile phone,
so she calls this time m minutes.

The mobile phone company charges calls at the rate of 35¢c per minute.
Write an expression for the cost (in cents) of talking for m minutes.
This is called the variable cost of the phone call.

Expression:

The mobile phone company charges an additional 28c connection fee.
This is called the fixed cost of the phone call.
Write an expression for the total cost of talking for m minutes.

Expression:

How many terms are in your expression?

Ken timed Heather’s call. He says that she talked for nearly 9 minutes.
Calculate how much Heather paid Ken.

When Ken gets his phone bill, he finds that Heather’s call cost $3.08 (ie.
308 cents). Write this as an algebraic statement.

Without using trial and error or graphing, explain how you could find out
the value of min your algebraic statement.

For how many minutes did Heather really talk?

How could you check that your answer is correct?
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PAS4.4  Stage 4 Patterns & Algebra Part A Activity 7 - 8

What was my number?
Resources required:
access to paper and a calculator.

You need a partner for this game.
The aim is to find out a number when you are told how the expression
has been built up and the value of the output variable.

1. Person 1 thinks of a number (the input value) and then carries out 3
operations on it.
These operations must be written down on paper where they cannot
be seen by Person 2.

2. Person 1 tells Person 2:
what the 3 operations were (in order) and
what the final answer is (ie. the value of the output variable).

3. Person 2 writes this information into a box-and-arrow diagram as
shown in the example below.
There are empty box-and-arrow diagrams on the next page.
Start by writing a symbol for a variable (eg. x) at the bottom of the
diagram.

_| 48

S
Information from Person 1:
1. Add 3 to the number.
2. Divide the answer by 2. - 21 1
3. Subtract 5 from the answer.
The final answer is 48. =

+3] |

4. Person 2 works backwards to find out Person 1's number.

5. If Person 2's answer is the number Person 1 thought of, Person 2
scores 1 point and Person 1 scores no points.
If Person 2’s answer is not the number Person 1 thought of, check
each others’ calculations. The person who is correct scores the point.

Repeat the game with Person 1 and Person 2 changing places.
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PAS4.4  Stage 4 Patterns & Algebra Part A Activity 7 - 8

When you get good at this game, instead of filling in the information from
Person 1 on the arrows:
Build-up Person 1's information into one statement and write it in
the top two boxes of the diagram.
Work down, undoing the statement until you have found the value
of X.

When you get really good at this game, you will not need to write down
each operation as you do it.
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