
Unit	  2	  –	  Linear	  Relations	  
	  

Chapter	  2	  –	  Relations	  
Chapter	  5	  –	  Modeling	  With	  Graphs	  
Chapter	  6	  –	  Analyze	  Linear	  Relations	  

	  
MPM1D	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



2.1 Lesson Solutions

Chapter 2

Linear and Non-Linear 
Relations

2.1 Hypotheses and Sources of Data



2.1 Lesson Solutions

Hypothesis: The Pittsburgh Penguins 
are the most popular sports franchise. 

Discuss the validity of this hypothesis:

How could this hypothesis be verified?

Not valid because there is no evidence 
(proof). 

Survey a variety of people from different 
towns.



2.1 Lesson Solutions

What is a hypothesis?….

A hypothesis is a theory or statement that is 
either true or false

Practice making hypotheses about the 
relationship between each pair of variables :

1. The number of texts sent per day and the age 
of a person?

2. How much a person likes the Penguins and 
their IQ?

3. The size of an animal and its lifespan?

The older the person, the fewer texts sent.

The higher a person's IQ, the more they like the 
Penguins. 

The bigger the size, the longer the lifespan.



2.1 Lesson Solutions

Hypotheses and their opposites
Write a hypothesis about a relationship 
between the variables in each pair. Then, 
give the opposite hypothesis

4) A driver's age and the risk of having an 
accident

Hypothesis: As drivers age, their risk of 
having an accident increases.

Opposite: As drivers age, their risk of 
having an accident does not increase. 

or 

As drivers age, their risk of having an 
accident decreases or stays the same. 



2.1 Lesson Solutions

5) Homework completion and marks.

Hypothesis: Less homework completion 
results in lower test marks. 

Opposite: Less homework completion does 
not result in lower test marks. 

or 

Less homework completion results in 
higher or the same test marks. 



2.1 Lesson Solutions

Sources of Data

Primary Data: Original data that a researcher 
gathers specifically for a particular experiment 
or survey

Secondary Data: Data that someone else has 
already gathered for some other purpose



2.1 Lesson Solutions

Which of the following is a primary 
source of data:

a) an article in a magazine
b) a database
c) conducting an experiment to test the 
effectiveness of a new medication
d) an entry from an online encyclopedia

Which of the following is a secondary 
source of data:

a) conducting a survey amongst your 
classmates
b) conducting an experiment to study the 
effects of pollution
c) data collected 100 years ago by the 
Canadian government
d) counting the makes of cars in a mall 
parking lot

6)

7)



2.1 Lesson Solutions

Explain whether each set of data is primary or 
secondary. What are the advantages and 
disadvantages of each person's choice of data 
source

Daniel phoned 100 families in his town to ask 
them how many pets they owned:8)

Primary data because Daniel performed the 
survey himself. The telephone survey is easy 
to do but time consuming. 



2.1 Lesson Solutions

9) Cathy used data from Statistics Canada to determine 
the proportion of households in Canada that have at 
least one car. 

Cathy is using a secondary source since Statistics 
Canada gathered the survey data. Stats Canada is an 
excellent source because it collects data from a huge 
number of families all across Canada. Cathy could 
never gather that much data all by herself. Collecting 
secondary data is usually more time efficient than 
collecting primary data. 



2.2 Lesson Solutions

2.2 Sampling Principles



2.2 Lesson Solutions

DO IT NOW!
King's Christian Collegiate wants to get a 
mascot for sporting events. They want the 
mascot to appeal to all of the students in the 
school. The school administration wants to ask 
student's what they want but they are unsure 
how to decide fairly. Should they: 

a) Ask all of the grade 9 students
b) Let the first 100 students who arrive at 
school fill out a survey 
c) Ask 6 students from every period 1 class
d) Ask all students whose last name starts with 
A,D, or Y
e) Let Mr. Jensen decide, he will think of 
something awesome

Which one did you pick and why?

This sample best represents the entire school 
body. It will have the least amount of bias



2.2 Lesson Solutions

Definitions

Sample - Any group of people or items selected 
from a population. 

Population - The whole group of people or 
items being studied. 

Cencus - A survey of all members of a 
population. 

Why	  is	  the	  whole	  popula/on	  not	  always	  surveyed	  
when	  a	  hypothesis	  about	  the	  popula/on	  is	  to	  be	  
verified?

Populations being studied are often very 
large. It would take too long to do a census in 
most cases. 



2.2 Lesson Solutions

For	  which	  of	  the	  following	  is	  a	  sample	  
suitable?

a. Find	  the	  most	  common	  make	  of	  car	  in	  the	  
school	  parking	  lot.

b. Find	  your	  family’s	  favourite	  food.

c. Find	  the	  most	  popular	  video	  game	  among	  
grade	  9	  students	  in	  your	  class.

d. Find	  the	  favourite	  video	  game	  among	  grade	  
9	  students	  in	  Canada.



2.2 Lesson Solutions

Types of Sampling

Random Sample - a sample in which all 
members of a population have an equal 
chance of being chosen

Example: Drawing names from a hat

Non-random sampling - using a method 
that is not random to choose a sample from a 
population

Example: Asking only your best friends



2.2 Lesson Solutions

Types of Random Sampling

Simple Random Sampling - choosing a 
specific number of members randomly from 
the entire population

Example: Having a computer randomly 
choose 100 students from our school 
population



2.2 Lesson Solutions

Systematic Random Sampling - 
choosing members of a population at fixed 
intervals from a randomly selected 
member. 

Example: Using a list of all students at the 
school, pick a random starting point and 
then choose every 8th student until you 
have 100 students for the survey.



2.2 Lesson Solutions

Stratified Random Sampling - dividing a 
population into distinct groups and then 
choosing the same fraction of members from 
each group

Example: The principal chooses to survey 
10% of the students from each grade.



2.2 Lesson Solutions

Classify	  the	  sampling	  technique	  used	  in	  each	  survey	  as	  simple	  
random,	  systema=c	  random,	  stra=fied	  random,	  or	  non-‐random	  
sampling.

a)	  The	  principal	  selects	  people	  that	  work	  in	  the	  cafeteria	  to	  
interview	  about	  the	  quality	  of	  cafeteria	  food.

b)	  A	  computer	  is	  programmed	  to	  randomly	  select	  100	  names	  
from	  a	  club’s	  membership	  list.

c)	  Students	  are	  selected	  at	  random,	  with	  the	  number	  of	  students	  
in	  each	  age	  group	  selected	  propor/onal	  to	  the	  size	  of	  the	  age	  
group.

d)	  To	  select	  100	  people	  who	  can	  buy	  concert	  /ckets,	  the	  /cket	  
agent	  randomly	  selects	  one	  wristband	  number	  and	  then	  every	  
10th	  number	  aIer	  that.



2.2 Lesson Solutions

Hobson’s	  Company	  surveyed	  its	  2000	  customers	  by	  genera=ng	  
200	  random	  numbers	  between	  1	  and	  2000,	  and	  then	  selec=ng	  
names	  from	  the	  customer	  list	  corresponding	  to	  these	  numbers.	  
This	  is	  an	  example	  of:

a. systema/c	  random	  sampling
c. non-‐random	  sampling
b. stra/fied	  random	  sampling
d. simple	  random	  sampling

Which	  of	  the	  following	  is	  not	  an	  example	  of	  random	  sampling?

a. Use	  a	  random	  number	  generator	  to	  pick	  10%	  of	  the	  players	  in	  each	  
division	  of	  a	  hockey	  league.
b. Use	  a	  randomly	  generated	  number	  between	  1	  and	  10	  to	  pick	  a	  
name	  on	  a	  list,	  and	  then	  select	   every	  8th	  person	  on	  the	  list.
c. Ask	  every	  10th	  person	  entering	  a	  mall	  for	  an	  opinion	  on	  government	  
spending	  on	  health	  care.
d. Write	  names	  on	  slips	  of	  paper,	  and	  then	  pick	  the	  names	  out	  of	  a	  hat,	  
making	  sure	  the	  pieces	  of	   paper	  are	  well	  mixed.



2.2 Lesson Solutions

Which	  of	  the	  following	  is	  a	  systema=c	  random	  sample?

a. A	  name	  is	  randomly	  selected	  from	  a	  list	  of	  a	  store’s	  customers	  
and	  every	  10th	  person	  is	  selected	  before	  and	  aIer	  it.

b. A	  Member	  of	  Parliament	  randomly	  selects	  phone	  numbers	  
from	  a	  city	  directory	  to	  survey	  ci/zen’s	  opinions	  on	  government	  
taxa/on.

c. The	  principal	  selects	  the	  same	  frac/on	  of	  students	  from	  each	  
class	  for	  a	  survey.

d. The	  Human	  Resources	  department	  of	  Acme	  Manufacturing	  
Company	  sends	  out	  surveys	  to	  50	  employees	  randomly	  selected	  
from	  the	  en/re	  list	  of	  employees.



2.2 Lesson Solutions

Bias
Bias - error resulting from choosing a sample 
that does not represent the whole population. 

A	  sample	  could	  be	  biased	  if	  it	  is:

a. too	  small
b. only	  based	  on	  one	  gender	  and	  age	  group
c. not	  randomly	  drawn
d. all	  of	  the	  above



2.3 & 2.4 Scatter Plots 
and Trends in Data

Independent Variable: a variable that affects 
the value of another variable

Dependent Variable: a variable that is 
affected by some other variable

Example:

Independent - time spent practicing free throws

Dependent - free throw percentage in games

Your free throw percentage depends on the amount of time 
you spend practicing free throws



Independent Variable:

Dependent Variable:

How are they related?

# of Hours John Studies

John's Test Score

The more you study, the higher your test score will be.

Independent Variable:

Dependent Variable:

How are they related?

Number of Guests

Meal Prep Time

The more guests you have attending dinner, the longer it will 
take to prepare the meal. 



Independent Variable:

Dependent Variable:

How are they related?

Number of Pizza Toppings

Cost of Pizza

The more toppings you put on your pizza, the more it 
will cost

Now fill in the following the chart using your 
understanding of each type of variable:

Independent Variable Dependent Variable

Number of gallons in 
your gas tank How far you can drive

How much you read Your IQ

Number of calories you 
eat each day How much you weigh

How physically active 
you are Your level of happiness 

Number of hours you 
study for a test Your test mark
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Independent Variable

Scatter Plots

A Scatter plot is a graph that shows the 
________________ between two variables.

The Independent variable goes on the horizontal (x) 
axis, and the dependent variable goes on the vertical 
(y) axis. 

Types of correlations:

Correlations can also be ______________ or 
______________ depending on how close or 
spread out the points on the scatter plot are.



Define an outlier:

measurement that differs significantly 
from the rest of the data.

When should you include an outlier in your 
data set? 

If you can't show that it is inaccurate or 
unrepresentative 

When shouldn't you?

If you can show that it is inaccurate or 
unrepresentative 

Make a Scatter Plot
A skateboarder starts from various points along a 
steep ramp and coasts to the bottom.  This table 
lists the initial height and his speed at the bottom 
of the ramp.



Initial Height (m)

S
pe

ed
 (m
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Independent Variable:

Dependent Variable:

Describe the relationship:

Are there any outliers? If so what are 
possible reasons for the outlier?

Initial Height

Speed

The higher the initial height, the faster the speed. 

There is a strong positive linear correlation

Yes, (4.0, 4.5) is an outlier. Maybe the skateboarder fell...



A line of best fit  can help you see the 
relationship between variables and also to 
make interpolations and extrapolations

Line of Best Fit

Properties of a line of best fit:

1. Straight line that passes through or close 
to as many points as possible

2. Any points that are not on the line should 
be evenly distributed above and below it

Interpolation: estimate a value between two 
measurements in a set of data

Extrapolation: estimate a value beyond the 
range of a set of data



Practice drawing a line of best fit:

This table shows the number of paid movie 
admissions in Canada for 12 month periods

Independent Variable:

Dependent Variable:

Fiscal Year

Attendance



Graph the data and draw a line of best fit:
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Describe the correlation:

There is no data for 2001, estimate the 
movie attendance for this year using your 
line of best fit?

Did you use interpolation or extrapolation to 
estimate this data?

There is a strong positive linear correlation between the year 
and movie attendance. 

Movie attendance increases as the year increases. 

120 million

Interpolation



Graph the data and draw a line of best fit:
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Estimate the movie attendance for 2005 by 
extending your line of best fit:

Did you use interpolation or extrapolation to 
estimate this data?

144 million

Extrapolation



Graph the data and draw a line of best fit:
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Homework

Complete Worksheet
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5.1 Direct Variation

You	  and	  a	  friend	  decide	  to	  have	  a	  friendly	  bicycle	  race	  on	  
Saturday.	  	  How	  far	  ahead	  will	  you	  be	  after	  one	  hour,	  given	  
that	  you	  travel	  at	  the	  following	  speeds?

a)	  Heading	  North your	  speed	  is	  12km/h,	  your	  friend’s	  
speed	  is	  10	  km/h

b)	  Heading	  South you	  travel	  5	  km	  in	  30	  minutes,	  	  your	  
friend	  travels	  5	  km	  in	  20	  minutes	  	  	  

DO IT NOW!!



Speed Calculations:

a) b) 

Speed is an example of ___________________________

Part	  A: Investigate	  Direct	  Variation	  using	  Tables

Example	  1: Use	  a	  table	  to	  organize	  the	  information	  in	  
the	  following	  problem.

a)How	  long	  does	  it	  take	  to	  /ill	  a	  3	  000	  litre	  hot	  tub	  if	  a	  
water	  truck	  supplies	  water	  at	  a	  rate	  of	  250	  litres	  per	  hour	  
and	  the	  tub	  is	  initially	  empty?



b)	  What	  if	  the	  water	  truck	  was	  able	  to	  double	  the	  3low	  rate?



Which	  variable	  is	  dependent?	  (If	  a	  variable	  is	  dependent	  
its	  value	  cannot	  be	  known	  without	  knowing	  the	  other	  
variable’s	  value).	  To	  determine	  the	  dependent	  variable	  
ask	  yourself	  the	  following	  key	  questions:

Does the amount of water DEPEND on time?

Does time DEPEND on the amount of water ?

OR

a)	  Calculate	  the	  rate	  of	  change	  of	  the	  amount	  
of	  water	  in	  the	  hot	  tub	  between	  the	  following	  
times,	  using	  the	  5irst	  table:

i) between 0 and 1 hour:



ii) between 0 and 2 hours:

iii) between 2 and 5 hours:

What do you notice about these rates?

When	  the	  rate	  is	  constant,	  it	  is	  often	  referred	  
to	  as	  the	  constant	  of	  variation.	  



Example	  2: Identify	  the	  dependent	  and	  independent	  
variables	  in	  the	  following	  rates	  of	  change.

Example	  3:
Determine	  the	  constant	  of	  variation	  (rates	  of	  change)	  
given	  the	  data	  in	  the	  following	  tables.



i)	  What	  is	  the	  same	  in	  the	  relationships	  given	  in	  
parts	  a)	  and	  b)?

Both	  tables	  represent	  direct	  variations,	  the	  independent	  
variable	  directly	  affects	  the	  dependent	  variable.



a) b) 

iii)	  Which	  is	  the	  independent	  variable	  (x)?

Which	  is	  the	  dependent	  variable	  (y)?



Part	  B: Investigate	  Direct	  Variations	  using	  Graphs

Example	  4: The	  cost	  to	  do	  electrical	  work	  varies	  directly	  with	  
time.	  Electric	  company	  charges	  $25	  per	  hour	  to	  do	  electrical	  
work	  while	  AC-‐DC	  electrical	  charges	  $50	  per	  hour.	  

a)	  Write	  equations	  to	  model	  each	  relationship.	  

Electric	  company: AC-‐DC	  electrical:

b)	  Use	  the	  equations	  to	  complete	  the	  tables	  for	  0	  to	  4	  hours.

Electric	  company: 	  	  	  	  	  AC-‐DC	  electrical:



c)	  Graph	  the	  data	  for	  both	  companies	  on	  the	  same	  Cartesian	  
coordinate	  grid.

d)	  Looking	  at	  the	  graph	  or	  the	  table,	  which	  company	  
should	  I	  choose	  if	  I	  have	  a	  job	  that	  requires	  3	  hours	  of	  
electrical	  work?

e)	  How	  can	  we	  show	  the	  rate	  of	  change	  on	  the	  graph?	  How	  does	  
the	  steepness	  of	  the	  line	  relate	  to	  the	  rate	  of	  change?

f)	  What	  is	  the	  same	  for	  both	  graphs?



Part	  C: Interpreting	  Direct	  Variation	  Word	  Problems

Example	  5:	  

The	  distance	  travelled	  by	  Mr.	  Jensen	  when	  he	  drives	  varies	  
directly	  with	  time.	  His	  car	  travels	  630	  km	  in	  3	  hours.	  
i) What	  is	  the	  constant	  of	  variation?

ii)Write	  an	  equation	  to	  represent	  the	  relationship	  between	  the	  
variables

iii) Which	  variable	  is	  the	  dependent/independent	  variable?



Example	  6:	  

The	  total	  cost	  varies	  directly	  with	  the	  number	  of	  MP3’s	  
downloaded.	  13	  MP3	  downloads	  costs	  $12.87

i) What	  is	  the	  constant	  of	  variation?

ii)Write	  an	  equation	  to	  represent	  the	  relationship	  between	  the	  
variables

iii) Which	  variable	  is	  the	  dependent/independent	  variable?

Consolidate:

Direct	  variation	  occurs	  when	  the	  dependent	  variable	  
________________________________________	  of	  the	  independent	  variable.

Direct	  variation	  can	  be	  de7ined	  algebraically	  as	  ____________	  
where	  m	  is	  the	  constant	  of	  variation.

The	  graph	  of	  a	  direct	  variation	  is	  a	  straight	  line	  that	  passes	  
through	  the	  origin.



5.2 Partial Variation















5.3a Slope















5.3b Slope



Rise of 3, run of -2. Using this would give you another point on 
the same line but to the opposite side. 







5.4 Slope as a Rate of Change







The rate of change is the speed of the runner in this scenario. The steeper the 
slope, the higher the rate of change (faster the speed).



5.5 First Differences











5.6 - Connecting Slope, Rate of 
Change, and First Differences

















6.1a Equation of a Line in Slope y-
Intercept Form









6.1b - Slope y-Intercept Form











6.2 - Standard Form











6.3 Graphing Using Intercepts











1) Solve for they y-intercept be setting x = 0

2) Solve for they x-intercept be setting y = 0

3) Plot the intercepts and draw a straight line through them



6.4 Parallel and Perpendicular Lines











6.5 - Equation of a Line Given Slope and a Point











6.6 Equation of a Line Given Two Points















6.7 - Linear Systems



d) What is the point of intersection?










