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Measurement Outcomes Overview
These are the outcomes we will be learning in this unit. Check off each box once you
feel confident with each outcome:
 I can convert units to other units in the same measurement system.
 I can determine the perimeter and area of standard and irregular 2-dimensional
shapes.
 I can determine the surface area and volume of standard and irregular
3-dimensional shapes.
 I can solve contextual problems involving perimeter, area, surface area and
volume.
 I can determine the cost of design projects.
 I can recognize and apply a scale to a diagram
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Lesson One: Measuring and Converting Linear
Quantities
Many things in the world can be measured in some way: your heart rate (in beats per minute), time (in
seconds, minutes, hours or all three), your height, your age, your shoe size, or the distance between
two cities on a map. The common element to all of these measurements is that they can all be
expressed as a single number – you don’t need more than one number to describe most things that we
measure.
Anything that can be measured using a single numeric value is called a linear quantity (or a linear
measurement). They are called linear because you can measure them in a ‘straight line’. Some
measurements (like your height) you would find with a ruler (literally a straight line), or you could place
the measurement on a number line to compare it to other like measurements.
Linear quantities are also called one-dimensional (or 1D). Their only ‘dimension’ is the single
measurement needed to express that quantity. (Your height for example: it might be 172 cm – the
only ‘dimension’ of this measurement is the height itself.)
This lesson will work with these linear measurements. You will learn how to take a measurement, and
convert that measurement to alternate units of measurement.

Example 1: Measuring Using a Ruler
Use the ruler provided below to measure the length of the picture of a bird, from the end of the tail
feathers to the tip of the beak in both centimetres and inches. Guidelines have been drawn to help
you.
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When you recording (writing down) a measurement, you need to be sure to state the units that you
used when measuring. You do this so that any person reading your measurement knows what unit
you used.
If you just wrote 4.7 for the bird on the previous page, a person reading that might think you meant 4.7
inches, which is quite a bit larger than what is shown. (They might think you meant 4.7 miles – that’s a
BIG bird!)
In this unit, it is VERY important that you include UNITS with all of your answers – that way there is no
confusion. Including units will also help you later (in Applied 40S) when you start working with
measurement problems combined with money (which is normally charged PER UNIT – you need to
know the unit you are working with.

Example 2: Measuring Tools and Units
With your teacher, examine each stated quantity. State at least one possible measuring tool and at
least TWO appropriate units of measure for that quantity.
a) A person’s weight.

b) A person’s age.

c) The length of a movie.

d) The length of a fish.

e) The distance between two cities.

f) The weight of a bag of sunflower seeds.

g) The temperature outside.
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Metric Measurements vs. Imperial Measurements
For lengths, weights, and temperatures there are two main systems of measurement: the metric
system and the imperial system. Most of the world uses the metric system as their official system of
measurement (including Canada!). There are only three countries that still use the imperial system as
their official system of measurement: The US, Liberia, and Myanmar. Here is a map of the countries
still using the imperial system (map and graphic below from https://www.zmescience.com/other/map-of-countries-officially-not-using-themetric-system/):

The metric system makes a lot more sense and is easier to use, so why don’t these countries switch?
The main problem is cost – the cost to switch even just the road signs in the US would be astronomical.
Here is a graphic that begins to show why the metric system is easier to use:
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So if the metric system is better, and it is the official system of measurement in Canada, why do we still
use the imperial system for some measurements (feet, inches, pounds, ounces, …). Unfortunately, the
US is like Canada’s “big sister” – a lot of our media (tv, movies) is created in the US, and many of the
products we purchase are either manufactured by the US or sold to the US. This makes Canada unique
in that we unofficially use BOTH systems of measurement.

Why Does This Matter to an Applied Math 30S Student?
The result of this measurement system confusion is that you have to be familiar with common units
from BOTH systems – metric and imperial. However, any question that you work on will use units from
one system or the other: You will never have to convert metric units to imperial units (or vice versa).
For example, you will not be asked to convert feet to metres.
Review the following conversion factors with your teacher. You may want to include the conversion
measures on your test resource sheet. (Use the ‘short form’ of the conversion to save space.)
Length (Distance) Conversion Factors
Metric

Imperial

1 centimetre = 10 millimetres
(1 cm = 10 mm)
1 metre = 100 centimetres
(1 m = 100 cm)
1 kilometre = 1000 metres
(1 km = 1000 m)

1 foot = 12 inches
(1 ft = 12 in)
(1’ = 12”)
1 yard = 3 feet
(1 yd = 3 ft)
1 mile = 5280 feet
(1 mi = 5280 ft)
1 mile = 1760 yards
(1 mi = 1760 yd)

Weight Conversion Factors
Metric

Imperial

1 gram = 1000 milligrams
(1 g = 1000 mg)
1 kilogram = 1000 grams
(1 kg = 1000 g)

1 pound = 16 ounces
(1 lb = 16 oz)

Time Conversion Factors
1 minute = 60 seconds (1 min = 60 sec)
1 hour = 60 minutes (1 h = 60 min)
1 day = 24 hours (1 d = 24 h)
1 week = 7 days
1 year = 12 months, 1 year = 52 weeks, 1 year = 365 days
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Converting Linear Measurements to Other Units
In order to convert a measurement from one unit to another, you need to know the conversion factor
(previous page) and you need a consistent method.
Let’s convert 2.7 m to cm.
Method 1: Use a proportion.
Step 1: Write your conversion factor as a fraction. Make sure you know which unit is which!
1𝑚
100 𝑐𝑚
Step 2: Write an equals sign, and then place a blank fraction line to the right of your fraction
from step 1.
1𝑚
=
100 𝑐𝑚
Step 3: Place the given measurement in the right hand fraction. Make sure to put it in the right
place: According to your conversion fraction meters go on ‘top’ and centimetres on
the ‘bottom’. Since we were given a measurement in metres, it goes on the ‘top’. Put
an x (or any other letter) on the bottom to represent your unknown quantity.
1𝑚
2.7 𝑚
=
100 𝑐𝑚
𝑥
Step 4: Now use cross multiply and divide to find the answer. This means to multiply the two
numbers that are located diagonally across the equals sign, and then divide by the
“leftover” number.
1𝑚
2.7 𝑚
=
100 𝑐𝑚
𝑥
𝑥 = 2.7 × 100 ÷ 1
𝑥 = 2700
Step 5: The final step is to write your answer including the correct unit. Every measurement
you write in this course requires you to include an appropriate unit.
𝟐𝟕𝟎𝟎 𝒄𝒎
(Method 2 shown on next page…)
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Now we can look at another method for conversions:
Method 2: Use a shortcut.
There is a quicker method than proportions to calculate unit conversions, but it depends on two
factors:
1. Your conversion factor MUST be written in the form: 1 ‘larger unit’ = N ‘smaller units’ (where N
is some number other than 1).
2. You need to figure out whether to multiply or divide by the conversion factor.
To figure out if you need to multiply or divide, you can use the following:
multiply by ‘N’
1 ′𝑙 𝑎𝑟𝑔𝑒𝑟 𝑢𝑛𝑖𝑡 ′ = 𝑁 ′𝑠𝑚𝑎𝑙𝑙𝑒𝑟 𝑢𝑛𝑖𝑡𝑠′
divide by ‘N’
You multiply by the conversion factor when converting from a larger unit to a smaller unit, since there
are many ‘smaller units’ contained in the ‘larger unit’.
You divide by the conversion factor when converting from a smaller unit to a larger unit because you
are determining the number of groups of ‘N’ smaller units fit into the larger unit.
Our example of converting 2.7 m to cm would look like this in the diagram:
multiply by 100
1 𝑚𝑒𝑡𝑟𝑒 = 100 𝑐𝑒𝑛𝑡𝑖𝑚𝑒𝑡𝑟𝑒𝑠
divide by 100
So to convert we simply have to multiply 2.7 by 100. Note that you do not have to show the diagram
when using the ‘shortcut’ method. You would simply write:
2.7 × 100 = 𝟐𝟕𝟎𝟎 𝒄𝒎
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Example 3: Convert Measurements Into Different Units
Perform each of the following unit conversions using BOTH the proportion method and the shortcut
method.
a) Convert 5.9 feet to inches.

b) Convert 2980 millimetres to centimetres.

c) Convert 88 ounces to pounds.

d) Convert 230 minutes to hours.

e) Convert 4.8 kilometres to metres.

f) **Convert 39500 milligrams to kilograms.

g) **Convert 2.3 years into minutes
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Performing Conversions with Non-Standard Conversion Factors
Sometimes a question will give you a conversion factor that is “non-standard”. These conversion
factors would always be given as part of the question, as you couldn’t put them on your resource
sheet. Non-standard conversion factors may also be written in a sentence and not in the “normal”
form. You then need to figure out the ‘normal’ form.
The conversion factor could be different from person to person (like a
rate of pay): The sentence “Eric earns $13.50 per hour” is a nonstandard conversion. Even though the rate could be different for
other people, you could calculate ERIC’s pay using either the
proportion method or the shortcut method.

Guided Example 4

The word per means “for
each”. So $13.50 per
hour means $13.50 for
each (one) hour.
1 hour = $13.50

Calculate Eric’s pay if he works for 32.5 hours this week.
You first have to determine the conversion factor (shown in the box). Then use either a proportion or
the shortcut method as usual:
1 ℎ𝑜𝑢𝑟
$13.50

=

32.5
𝑥

32.5 × $13.50 ÷ 1 = $𝟒𝟑𝟗. 𝟔𝟖

OR

32.5 × $13.50
$𝟒𝟑𝟗. 𝟔𝟖

The conversion factor could not have a ‘1’ in it (like a rate to rent a room for a birthday party):
90 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 = $110. In this case, the shortcut method does not work, unless you adjust the
conversion factor to have a ‘1’ in it. It is much easier (and quicker) to just use the proportion method.

Guided Example 5
Calculate the cost to rent a room for a birthday party for 300 minutes, if the rental rate is $110 per
90 minutes.
Since the rate does not have a ‘1’ in it, the shortcut method will not work. In this case you must use
the proportion method.
$110
𝑥
=
90 min 300
𝑥 = 300 × 110 ÷ 90
𝑥 = $𝟑𝟔𝟔. 𝟔𝟕

Note that the answers to
Examples 4 and 5 are in
dollars. Showing the
dollar sign ($) is how you
provide the unit for
these answers.
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Example 6
a) At a rate of 80 kilometres per hour, how far will you travel in 6 hours?

b) At a rate of 80 kilometres per hour, how long will it take to travel 20 kilometres?

Example 7
Kiki earned $258.75 for 15 hours of work.
a) How much will she earn for 40 hours of work?

b) Determine her hourly rate of pay.

Example 8
I can plant 12 seedlings in 20 minutes. How many hours will it take to plant four and a half dozen
seedlings?
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Example 9
Michael must order a snack for an office meeting of 75 people. He estimates that he will need 1.5 tarts
per person. Tarts come in boxes of 12. How many boxes should he buy?
Hint:
Sometimes, we must round
our answers up to a whole
number, in order for the
answer to be reasonable.

Example 10
Daria owns her own painting company. She knows that it takes 3 cans of paint to paint a normal sized
room. Her current contract requires her to paint 7 normal-sized rooms.
a) Determine the number of cans of paint that Daria will require to paint the 7 rooms.

b) If paint costs $41.99 per can, calculate the total cost of the paint after taxes.
Hint:
Unless instructed otherwise, use
the current Manitoba PST and
Federal GST when calculating tax.
PST = 7%, GST = 5%

c) Daria can paint very quickly – she can paint a normal-sized room in 45 minutes. Determine the
number of hours Daria will require to paint all 7 rooms.
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Assignment 1: Measuring and Converting Linear Quantities
1. Perform the following conversions:
a) Convert 87 centimetres to metres.
b) Convert 13.4 feet to inches.
c) Convert 27 ounces to pounds.
d) Convert 3190 seconds to minutes.
e) Convert 11.95 kilograms to grams.
f) Convert 14 days to hours.
g) Convert 912.77 feet to yards.
2. Perform the following conversions. These conversions may require two or more calculations.
a) Convert 2.7 days to minutes.
b) Convert 3.15 kilograms to milligrams.
c) Convert 450 inches to yards.
d) Convert your current age (in years) to hours.
e) The distance from the surface of the Earth to space is 62 miles. Convert 62 miles to inches.
3. You are on a plane that is cruising at an altitude of 38 500 feet. Determine how many miles the
plane is off the ground.
4. Parents need to be careful about the amount of weight a child carries in their backpacks. An
8 year-old child should not carry more than 9 pounds in their backpack. You measure your child’s
backpack and find out that it weighs 171 ounces. Is your child’s backpack too heavy?
5. Gord goes and plays a card game with his friend Dina. He has done this once a week for 800 weeks.
How many years has Gord been attending weekly card games with his friend?
6. ZOOM! is a new shipping company that ships packages by air in Canada only. They charge a flat
rate of $7.98 (taxes included) per pound of shipment. If you have a package that weighs 11.7
pounds, what will be the charge to ship your package?
7. Tazmin works at a call centre. She gets paid $0.25 for every minute that she is on a call with a
client. Tazmin was on the phone with clients for 1620 minutes last week.
a) How much gross pay (pay before deductions) did Tasmin earn last week?
b) How many hours last week was Tasmin on the phone with clients.
8. Seventeen kg of potatoes cost $26.80. Determine the cost of 5 kg of potatoes.
9. You are very lucky to live in a house that has a pool in the backyard! Your pool holds
66 000 L (litres) of water. Your garden hose can fill the pool at a rate of 30 L per minute.
a) How many minutes will it take to fill your pool, assuming you run the hose continuously?
b) How many days will it take to fill your pool?
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Lesson 2: Measuring 2D Shapes:
Perimeter and Area
You have looked at linear measurements (and how to convert them from unit to unit). We are now
going to look at 2-Dimensional (2D) shapes, and how those shapes are measured.
A 2D shape is a perfectly flat shape – it has two dimensions (commonly called length and width, or
base and height). The top of your desk is not 2 dimensional – it has depth (or thickness), but the
SURFACE on the top of your desk is 2-Dimensional (the part you can touch). 2D objects have NO depth
– if you could look at them from the side you would see NOTHING.
A piece of paper is close to being 2-dimensional, but it does have a depth (or thickness) – you can see a
piece of paper from the side if you squint hard enough!
The following are common 2-dimensional shapes:

Rectangle

Square

Triangle

Circle

You see these shapes EVERYWHERE, but you can never hold one – it has no thickness – they only
appear as being drawn on flat surfaces.
It is also important to note that a 2D shape does not have to be
one of the common (named) shapes that you see above. The
shape shown at right is also 2-dimensional, but it does not have a
special name. Any enclosed shape that you can draw on a piece of
paper is 2-dimensional (2D).

I have no name. :(
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Any 2D shape is made up of a series of lines (or sides - a circle has one curved side). The lines
themselves have linear measurements – they can be measured using standard units (cm, in, km, etc.).
However, the shape created by those lines (the 2D shape) has two main types of measurements
associated with it: Each 2D shape has a perimeter and an area.

Perimeter
The perimeter of a 2D object is the linear distance around the outside of the object. There is no
formula for perimeter (except for a circle); you simply add the lengths of all of the sides of the object.

Example 1
Determine the perimeter of the rectangle shown below.

2 cm
4 cm

Example 2
Determine the perimeter of the shape shown below.
4’
3’
3.5’
4.2’
5’
3.4’

Example 3
Determine the perimeter of the shape shown below

9”

10”

6”
3”
2”

8”
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The Perimeter of a Circle: Circumference
The perimeter of a circle has a special name – it is called the circumference. It gets a special name (and
its own formula) because you cannot (easily) measure the ‘side’ of a circle with a ruler. This is where
the special number 𝜋 comes in.
The circumference of a circle is slightly more than 6 times the length of the radius. The formula for the
circumference of a circle is 𝐶 = 2𝜋𝑟. The symbol π is called Pi and represents the number
3.1415926….. Your calculator should have a Pi symbol on one of its buttons; this is the button you’ll
use when a formula has π in it.

Example 3
Determine the circumference of the circle shown below.

radius = 10 m

Example 4
Determine the circumference of the circle shown below. (Hint: You have been given the diameter of
the circle: The diameter is twice as long as the radius – you need to divide the diameter by 2 before
you use the circumference formula.)

6 cm
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Area
Area is the measurement of the amount space covered by a 2-dimensional (2D) object. Area is
measured in units squared (units2). For example, the rectangle below has been filled with blocks that
are one cm on each side. Each little block is referred to as a ‘square centimeter’. (A square with
centimeter-long sides).
6 cm
1 cm

1 cm

4 cm

Since there are 24 of these boxes contained in the rectangle, we say that the rectangle has an area of
24 square centimeters.
The short-cut to arrive at this number is to use the formula for the area of a rectangle, namely:
𝐴 = 𝑙𝑤. (Keep and mind that the actual labels used for the sides might be different – some formulas
use base (b) and height (h) instead of length and width – the concept is the same.) By multiplying the
length by the width, you can quickly and accurately calculate the area of a rectangle. Some important
area formulas are:
Figure Name

rectangle

Diagram

w

l

Formula

Figure Name

𝑨 = 𝒍𝒘

triangle

Diagram

h

Formula

𝑨=

𝟏
𝒃𝒉
𝟐

b
s
square

s

𝑨 = 𝒍𝒘
OR
𝑨 = 𝒔𝟐

circle

r

𝑨 = 𝝅𝒓𝟐

These formulas will be provided on your Unit Test and the Final Exam – there is no need to make
room for them on your resource page.
Area is commonly used to calculate things like amount of paint needed to cover a wall, or how much
carpet is needed to cover a floor.
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Example 5
Determine the area of the triangle shown below.

3 cm
4.5 cm

Example 6
Determine the area of the circle shown.

2 cm

Example 7
Determine the area of the square shown below.

8 feet

8 feet
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Assignment 2: Measuring 2D Shapes: Perimeter and Area
Find the requested values in each question. Remember to include the appropriate unit with your
answer. Round to two decimal places where rounding is required.
1. Find the perimeter of the following objects:
a)

3m

b)
7 cm

4m

3m

16 cm

6m

2. Find the circumference of the following circles:
a)

b)
4.5 ft

30 in

3. Find the area of the following shapes:
a)

b)

4 cm

c)

8.5 cm

3.2 in

10.25 cm
4 in
d)

e)

3’

3’

f)

6m
9 km

19 km
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Lesson Three: Area of Irregular Shapes
There are times where you need to find the area of a shape which is not one of our ‘standard’ shapes
(rectangle, square, triangle, circle). The following examples will show how we use formulas for the
area of shapes that we already know, and apply them to new shapes.

Example 1: Area of a Composite Shape
Find the area of the figure shown below:
8 cm

15 cm

Example 2: Shaded Area
Find the shaded area of the following figure:

20 m

10 cm
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Example 3: Fraction of shape
Find the area of the following figure.

5”

Example 4: Putting It All Together
Find the shaded area of the following figure:

7 miles

4 miles
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Assignment 3: Area of Irregular Shapes
1. Find the area of each of the figures shown below.
a)
20 km

12 km
50 km

b)
200 m

80 m

c)
30 ft

30 ft

70 ft
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2. Find the shaded area in each of the figures shown below.
a)

b)

12 ft
10 ft

8 cm

c)

8”

d)

6 cm
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Lesson Four: Perimeter and Area Applications
This lesson will apply the skills you learned to find the area of a shape to “real-world” problems. There
are two things to remember when working through these problems:
1. Most costs are provided ‘per unit’ (per box, per can, etc.). You are not allowed to purchase part
of a box (or can, or…). This means you must round your answers appropriately for the
situation.
2. Any question that contains a price “plus tax” or “plus PST” or “plus GST” require you to include
the appropriate taxes in your final cost. Recall that (in MB) PST = 7% and GST = 5%.
3. If no tax calculation is required the phrase “taxes included” will be used.

Example 1
You plan to tile a basement floor, shown below, with large ceramic tiles. The tiles that you have
chosen are square and measure 2 feet on each side. You will need to buy 10% more tiles than you
actually need, to account for waste. Tiles are sold in boxes of 12 for $65.99 plus tax.
You also plan to install baseboard around the perimeter of the room. Baseboard costs $0.73 per linear
foot. You will also need to purchase 10% more than what is needed to account for waste when
cutting.
Determine the total cost for tiles and baseboard for this basement floor.
40 ft

15 ft

10 ft
19 ft
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Example 2
You want to paint the wall shown below with two coats of paint. The white areas are the door and the
window and will not be painted.
Paint covers 200 ft2 per can. Each can costs $31.99 plus tax.
You are also going to hire someone to paint the wall. They charge $18.00 an hour (plus GST), and they
estimate the job will take 1.5 hours.
Determine the total cost to paint this wall.
20 ft

2.5 ft
2.5 ft
8 ft

7 ft
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Assignment 4: Perimeter and Area Applications
1. You are helping a friend determine the cost of two renovations in his backyard: Laying sod (grass),
and fencing in his gardens (to keep the bunnies out).
a) The shaded area of the diagram below shows the part of the yard
that requires sod. Calculate the area that requires sod.
b) Sod is sold in rectangular pieces that measure 1 ft by 2 ft. How
many pieces of sod need to be purchased? (Remember: you
can’t purchase partial pieces.)
c) If sod costs $0.75 per piece (plus tax), what is the cost to
purchase sod for the backyard, after taxes?
d) An installer will charge $0.50 per square foot (plus GST) to install the sod. The installer only
charges per whole square feet – no decimals! Calculate the cost of having the sod installed,
after tax.
e) Your friend requires a fence around his gardens. The fence that surrounds his entire yard keeps
part of the gardens protected, but he needs fence on the interior sides of his gardens (shown as
thick black lines in the diagram below). Garden fence costs $33 plus tax for an 8-foot section.
You must purchase whole sections. Calculate the cost for the garden fencing. (Your friend will
install it himself to save money.)
f) Determine the total cost for your friend’s backyard renovations.

10 ft

17 ft
garden

20 ft

deck

3 feet

pool
8 ft

8 feet
garden
6 feet
40 ft
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2. You want to lay down hardwood flooring in each of the following rooms in your house (all rooms
are rectangular with dimensions given in feet):
 Living Room: 20 x 10
 Dining Room: 15 x 10
 Master Bedroom: 15 x 15
 Bedroom B: 10 x 10
You need to buy an extra 15% of hardwood flooring to cover waste. The hardwood you want to
install costs $2.90 (plus tax) per square foot (whole units only). What is the cost of the flooring for
your house?

3. You would like to lay down tiles in your kitchen. You are going to hire an installer to perform the
work. Your kitchen’s floorplan is:
cabinets
4 ft
2 ft
2.5 ft

10 ft

1 ft

15 ft

8 ft
In this question, the following apply:







You do not want to put tiles under the cabinets.
The tiles are squares that measure 1 ft by 1 ft.
The tiles are sold in boxes of 8 tiles each. You cannot buy a partial box.
Each box costs $15.99 plus tax.
The installer says it will take 1 hour for every 50 square feet. Anything less than 50 square
feet gets rounded up to 1 hour.
The installer charges $60 per hour (plus GST).

What is the total cost to complete this job?
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Lesson Five: Measuring 3D Shapes:
Surface Area and Volume
In the previous lessons you have looked at linear measurements, and 2-dimensional measurements. 2Dimensional shapes are great when you are working with a flat surface (like painting a wall), but most
of the objects that we interact with in the “real world” are 3-dimensional (3D).
A 3D shape has three dimensions – a length and a width (like 2D shapes) and a depth. As with 2D
shape labels, the three dimensions might go by different names (the depth might be listed as ‘height’,
for example). The labels are of lesser importance – learning how to incorporate depth into
measurements is the main point of this lesson.

Surface Area
Surface area is exactly the same as area, but it is the measurement of the area of the surface of a
3-dimensional shape. For example, examine at the cylinder below:
r
h

If we wanted to find the surface area, we would need to see how many square units would be required
to cover the outside surface of the cylinder. Imagine the cylinder as a soup can – you could take a
marker and cover it with squares (that represent some specific square unit – like cm2). It would look
something like this:

You could then count all of the squares, and you would have found the surface area! It would be hard
to count the squares though – some of them are partial squares (and some have curved sides!). That is
why we use formulas to help us calculate surface area.
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The surface of any 3D object is just a collection of 2D shapes put together in such a way that they
create a 3D shape. To find the surface area, you just need to find the area of all of the 2D shapes that
make up the surface of the 3D shape and add them together. This has already been done for you – this
is exactly what the surface area formulas do! However, you will still need to understand how to break
apart the formulas for the next lesson.
Let’s take a closer look at the formula for the surface area of a cylinder:
If we break the cylinder apart we can see that it is made up of three 2-dimensional shapes: two circles
and a rectangular ‘centre part’ that gets wrapped around to make the cylinder itself (it makes a tube if
you remove the circles from either end – like a drinking straw. Each of these 2D shapes has an area. If
you add up these areas you get the surface area of the whole figure.

r

h

r

2πr
A = 2πr·h

A = πr2

A = πr2

SAcyl = 2πrh + 2πr2
You can see that the formula for the surface area of a cylinder come from combining the area of all of
its constituent parts (the ‘tube’ and the two end circles). Surface area is used for the same type of
applications as area (such as an amount of paint) and it typically applies to the ‘outside’ of a threedimensional object. Surface area (like area) is measured in square units (like ft2).
If you were trying to find the surface area of an open-ended cylinder (like a soup can with no top) you
would just omit that part of the formula (one of the πr2 parts) making the formula:
SAcyl = 2πrh + πr2
The formulas for the surface areas of some common objects are on the next page.
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Figure Name

Rectangular Solid
(Box)

Diagram

Formula

𝑙

Top or Bottom = 𝑙𝑤
Front or Back = 𝑙ℎ
Either End = 𝑤ℎ
𝑺𝑨 = 𝟐𝒍𝒘 + 𝟐𝒍𝒉 + 𝟐𝒘𝒉

ℎ
𝑤

𝑟

Sphere
(Ball)

𝑙

Cone

𝑺𝑨 = 𝟒𝝅𝒓𝟐

Side = 𝜋𝑟𝑙
Bottom = 𝜋𝑟 2
𝑺𝑨 = 𝝅𝒓𝒍 + 𝝅𝒓𝟐

ℎ
𝑟

Cylinder

Side = 2𝜋𝑟ℎ
Bottom or Top = 𝜋𝑟 2
𝑺𝑨 = 𝟐𝝅𝒓𝒉 + 𝟐𝝅𝒓𝟐

𝑟
ℎ

Square-Based
Pyramid

Sides = 2𝑏𝑠
Bottom = 𝑏 2
𝑺𝑨 = 𝒃𝟐 + 𝟐𝒃𝒔

s
b

Triangular Prism

a

h c

l

b

**Surface area is measured in 𝒖𝒏𝒊𝒕𝒔𝟐

Ends = 𝑏ℎ
Sides = 𝑙(𝑎 + 𝑏 + 𝑐)
𝑺𝑨 = 𝒃𝒉 + 𝒍(𝒂 + 𝒃 + 𝒄)
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Volume
Volume is also used to measure 3-dimensional objects, but it measures the amount of space inside a 3dimensional object (like how much air or water can go into an object).
For a quick example, let’s look at a box (a ‘rectangular solid’). To measure the volume, you fit as many
cubes of a certain size inside of the box. For this example, we’ll use a cube with sides of 1 cm. These
are cubic centimeters. Volume is always measured in cubic units (units3).

1 cm
1 cm
1 cm

4 cm
4 cm
9 cm

If you took the time to count all of the little cubes that fit in the box, you would see that there are 144
of them. This box has a volume of 144 cubic centimeters. This could also be written as 144 cm3.
The faster way to calculate the volume of a rectangular solid (rectangular solid is a fancy term for a
box) is to use the formula: Vbox = 𝑙𝑤ℎ. So, in this case, we would get: V = (9)(4)(4) or V = 144. This is
much faster and more accurate than counting cubes!
Formulas to find the volume of common 3-dimensional objects are given on the next page.
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Figure Name

Rectangular Solid
(Box)

Diagram

Formula

𝑽 = 𝒍𝒘𝒉

ℎ
𝑤

𝑙
𝑟

Sphere
(Ball)

𝑽=

𝑠

Cone

ℎ

𝑽=

𝟒 𝟑
𝝅𝒓
𝟑

𝟏 𝟐
𝝅𝒓 𝒉
𝟑

𝑟

Cylinder

𝑟

𝑽 = 𝝅𝒓𝟐 𝒉

ℎ

Square-Based
Pyramid

h

𝑽=

𝟏 𝟐
𝒃 𝒉
𝟑

𝑽=

𝟏
𝒃𝒉𝒍
𝟐

b

Triangular Prism

a

h c
b

Volume is measured in 𝒖𝒏𝒊𝒕𝒔𝟑

l
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Example 1 Using the Formulas for Surface Area and Volume
Find the surface area AND the volume of each of the following shapes:
a)
13 cm

20 cm

b)

13”
12”
10”

24”
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Assignment 5: Measuring 3D Shapes: Surface Area and Volume
1. Calculate the surface area AND volume of each of the following shapes:
a)

b)

30 m

8m

37 mm

8m

c)

d)

4’

5’
28.28 cm30 cm

6’
20 cm

20 cm
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Lesson Six: Surface Area and Volume of Irregular
Shapes
In lesson 3 you found the area of irregular shapes by using the formulas for shapes that you know, and
adjusting them for the given irregular shape. You may have added areas (composite shapes),
subtracted areas (shaded area), or found a fraction of a regular area.
All of these skills can be applied to 3D shapes as well.

Example 1: Composite 3D Shape
The following shape is a grain silo. It stores grain in a dry place until needed (or sold) by a farmer. It is
made up of a cylinder with a cone (with 8 m height) on top. Calculate the volume of this composite
shape.
8m

35 m

20 m

Example 2: ‘Shaded’ Volume
A company manufactures cement sewer pipes. The pipes have a thickness of 4 inches, and the hollow
portion has a diameter of 36 inches. The pipes are sold in 20 foot lengths. Calculate the volume of
cement required to manufacture one pipe.
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Example 3: Surface Area with Missing Pieces
Find the surface area of this container that has a bottom, but no lid:

4 inches

3 inches

Example 4
Calculate the surface area of the following box used as a mold to make triangular chocolate treats. It
has a bottom, but no top. The peak of the end triangle is 3.12 cm from the 5 cm base.

3.12 cm

5 cm
4 cm
4.5 cm

4 cm
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Assignment 6: Surface Area and Volume of Irregular Shapes
1. Cardboard straws are becoming more common, and are much better for the
environment than regular plastic straws. The straw below has an end
diameter of 4 mm and a length of 30 cm. Calculate the surface area of the
straw. (Remember that a straw has no ‘ends’.)

2. Calculate the volume of the plastic mold shown below, which is used to make toy blocks for
children. The mold is a cube that is 6” on each side. The hole that passes all the way through the
centre of the cube has a diameter of 3”.

3. You have just purchased a simple aquarium. It is a glass box with no top, and has the dimensions
shown in the picture below.

2’
1’

8’

a) Calculate the surface area of the aquarium.
b) You want to fill the aquarium up with water, but you want the top of the water level remain 3”
below the top of the aquarium. Calculate the volume of water required in cubic feet.
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4. You are making a snow castle, and you would like to make domes that are made out of ice. You are
going to do this by cutting an old basketball in half and filling it with water. If the basketball has a
diameter of 9.55 inches, determine the volume of the ice dome.

5. A dreidel is a four-sided spinning top, played with during the Jewish holiday of Hanukkah (pictured
below). Lila has built a simple dreidel out of a wood. The dreidel consists of a cube that is topped
with a square-based pyramid that is attached to a narrow wood dowel (a dowel is a cylindrical
piece of wood).
The dreidel has the following measurements:
 The wooden cube measures 3 cm on each side.
 The height (h) of the square-based pyramid is 1 cm.
 The slant height of the square-based pyramid is 1.8 cm.
 The cylindrical handle has a diameter of 0.5 cm and is 2 cm long.
a) Determine the volume of the entire dreidel, including the handle.
b) ***WARNING – This part is OPTIONAL – it is very tricky!***
Determine the surface area of the dreidel, including the handle.
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Lesson Seven: Surface Area and Volume
Applications
As with 2-dimensional areas – surface area and volume are concepts that are constantly used in the
“real world”.
Surface area is used in applications where you need to find an amount of material (wrapping paper,
paint, plastic) that will comprise the outer shell of the shape being manufactured.
Volume is used when you need to determine the amount of material (dirt, water, air) that will be
needed to completely fill the inside of the shape being manufactured.
These application questions will commonly require you to figure out which concept is needed: surface
area, volume, or possibly both! There may also be a cost component to the question. Recall that when
adding tax, the rate of PST is 7% and GST is 5%.

Example 1
You have a large present you need to wrap in fancy wrapping paper. It is a snow blower in a box with
measurements shown in the diagram below. You will need 10% extra wrapping paper to have enough
to overlap and tape. You want to wrap the box in wrapping paper that costs $5.99 (plus tax) per roll.
Each roll covers 50 ft2.
Calculate the cost of the wrapping paper required to wrap the box.

4’

5’

4’
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Example 2
A company manufactures beach balls made of plastic and filled with air. The ball is a sphere with a
diameter of 20 cm.
a) How much plastic would be required to manufacture the beach ball?

b) How much air would be needed to fill the ball?

c) If plastic costs $0.002 per cm2, how much will the plastic cost for one beach ball?

d) How much would it cost to produce 100 000 beach balls?

Example 3
A hardware supply factory makes washers. A washer is a small metal disc placed between the head of
a bolt and the nut the bolt is going to be inserted into (pictured right). Each washer is 1 mm thick. The
diameter of the washer is 15 mm. The radius of the hole is 7 mm.
Determine the amount of metal required to produce 1 million washers.
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Assignment 7: Surface Area and Volume Applications
1. An outdoor supply company wants to manufacture tents that are in the shape of a triangular prism
with the dimensions listed on the diagram. (The tent is not drawn
to scale.)
a) Calculate the amount of tent fabric required to make the tent.
50 in
b) If tent fabric costs $0.01 per in2 (plus tax), determine the cost
to manufacture 1 tent (after tax).
43.3 in
50 in

80 in

2. You want to build your nephew a new toy box. The box is going to have no lid, and it will measure
6’ by 3’ by 2’.

3 ft

TOYS

2 ft

6 ft
a) How much wood would be required to build this box?
b) What is the volume of toys that the box can hold?
c) If the wood to build the box costs $3.75 per ft2 (plus tax), what would be the cost of the wood
to build this box, after tax?
d) You are going to protect the outer surfaces of this box with varnish (a type of clear paint). A
small can of varnish covers 30 square feet and costs $13.57 (plus tax). Calculate the cost of the
varnish for this toy box, after tax.
e) State two other costs you might incur when making this box.

3. Mavros Foods and Distributers is a food manufacturer in Canada that specializes in making ice
cream cones. They make a waffle cone (pictured) that has a diameter of 8 cm and a slant height of
12 cm.
To make the cones they first make the batter (like pancake batter). Each batch of
batter can make 20 922 000 cm2 of baked cone. How many cones can be produced
by one batch of batter?
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4. A soup company called Egypt Soups™ wants to try out a new container shaped like a square-based
pyramid, to try to differentiate their product on the shelf at the grocery store. The pyramid has the
dimensions shown in the diagram. The height from the top of the pyramid to the centre of the
base is 4 in. They are going to make the pyramid out of a very thin
steel (like Campbell’s Soup cans).
a) Calculate the amount of steel required to make this can.
b) If food-grade steel costs $0.012 per in2 (taxes included) calculate
5 in
the cost of steel required to make one can.
c) Calculate the amount of soup the new can holds.
d) If soup costs Egypt Soups™ $0.018 per in3 (taxes included)
6 in
calculate the cost of the soup for one can.
e) Determine the total manufacturing cost for one can of soup.
f) If the company wants to make $1.50 profit per can sold, what is the price they should set for
one can of soup?

5. The diagram below shows a specialized spacer that is used in commercial applications for wiring.
The spacer is made out of a very dense plastic – it is a rectangular solid with two cylindrical holes
passing all the way through the shape. The holes both have a radius of 2 feet.

14’
32’
8’
a) The special high-density plastic costs $3.15 per cubic foot (taxes included). Determine the cost
of the plastic required to make one of these spacers.
b) ***CHALLENGE QUESTION***: All exposed parts of this spacer (including INSIDE the holes) are
to be painted with a high-gloss damage resistant paint. If the paint costs $0.15 per ft2 (taxes
included), calculate the cost to paint one of these spacers.
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6. The excavation for a house and the truck to carry away the material have the dimensions shown in
the diagram below. How many trips would the truck have to take to remove all the dirt?
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Lesson Eight: Scale
All of the diagrams that we have worked with up until this point have not been drawn to scale. That
means that the object or shape being drawn might not look the same if actually created according to
the dimensions given. This lesson will explore the concept of scale and how it is used.
A picture that is a reduction or an enlargement of an object (or another picture) is called a scale
diagram. The scale is normally indicated somewhere on the diagram. For example, examine the
pictures of the grasshopper shown below:
A scale of 1:1 means that the object is
shown at its actual size. Using a scale
of 1:2 gives a reduction where the
object is shown at one half its original
length and width. We can also say
that the scale factor is ½, or 50%.
Using a scale of 2:1 gives an
enlargement. The length and width
are twice the size of the original
measurements. We can say that the
scale factor is 2, or 200%.

Example 1: Use a scale diagram to find the actual size of an object
Shown below is a scale diagram of a TI-84 Plus graphing calculator. Use the scale supplied to find the
length and width of an actual TI-84 Plus.
Scale: 1:3

1.1 in

2.5 in
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Example 2
The cute little guy below is a dust mite. They live all over your home eating dead skin and hair cells.
The dust mite below is shown at a scale of 100:1. Determine the length of an actual dust mite. (The
measurement of the scale diagram has been given so that you do not need a ruler.)

3 cm

Example 3
Read each of the following. Will the reproduction be an enlargement or a reduction?
3
a) A painting is reproduced using a scale factor of .
4

b) A diagram of a computer chip is reproduced using a scale factor of 300%.

c) A quadrilateral is reproduced using a scale of 2:1.

d) A picture of a dog is reproduced using a scale factor of 1:10.
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Example 4: Scale with different units
When you look at a map (an “old-fashioned” paper map), a scale is normally provided. It is the
standard in Canada to make the ‘tick’ marks on the scale 1 cm apart. This means that the scale in the
map shown below is 1 cm = 75 km.

Use the scale provided to estimate the distance between Winnipeg and Brandon.

Example 5: Create a scale diagram
The large room shown below has its actual dimensions shown. Draw a scale diagram on the grid
provided using a scale of 1 cm : 2 m. (The grid squares are 1 cm on each side so that you do not need a
ruler.)

6m

8m
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Example 6: Reading a sample blueprint
In the following blueprint of a simple apartment, each square is 2’ by 2’.

Bedroom
Main Room

a) Determine the dimensions of each of the four rooms.

b) Determine the area of each of the four rooms.

c) What is the total size of the apartment in square feet?

Closet

Bathroom
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Example 7: Effect of scaling on perimeter and area
Use a scale factor of 200% to draw an enlargement of the figure shown below.

a) Determine the perimeter of the original shape AND the enlargement. By what factor did the
perimeter increase?

b) Determine the area of the original shape AND the enlargement. By what factor did the area
increase?
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Assignment 8: Scale
1. The picture of a sailboat (right) has been drawn to scale.
a) Determine the actual length and height of the sailboat if the scale
used to make the drawing is 1:250.
b) Convert your measurements found in a) to metres.

4.5 cm

2. A builder plans to construct a building that measures 16 m by 20 m on a
rectangular lot, as shown in this rough sketch.
3 cm

The builder wants to make a proper scale diagram to show to his customer, and decides to use a
scale of 1:400. Complete the following chart:
Actual
Measurement (In
metres )
Length of the lot

Width of the lot

Length of the building

Width of the building
Distance on the west
side, from the edge of
the lot to the building

Actual
Measurement (in
cm)

Scale Drawing
Measurement (in
cm)
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3. Carmen wants to place a reduction of a 4 inch by 6 inch photo onto her business card. The space
on the card measures 1.5 inches by 1.5 inches. Will a scale factor of 30% work? Explain your
answer.

4. Read each of the following. Will the reproduction be an enlargement or a reduction?
a) A drawing of a butterfly is reproduced using a scale factor of 75%.
b) A wallet-size photograph is reproduced using a scale factor of 3.3:1.
c) A scale drawing of a bone in a human hand is reproduced using a scale of 5:1.
d) A city map is reproduced using a scale factor of 1 cm:4 km.

5. Examine the partial map of Australia shown below, with scale provided.

a) State the given scale as a ratio.
b) Estimate the distance between Canberra and Sydney.
c) Estimate the distance between Melbourne and Brisbane.

6. The picture of the Eiffel Tower shown at right is drawn to scale. The scale
used for the reduction is 1”:530’. Determine the actual size of the Eiffel
Tower (in feet) from the scale drawing.
2”
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7. Examine this floorplan of a small classroom. Each square of the grid measures 1’ by 1’.

The rectangles inside the room all represent desks: Large and small desks for students, and a larger
teacher’s desk. (Teachers need big desks to store all their knick-knacks!)
a) State the actual dimensions (length and width, in feet) of each size of desk.
b) State the area that each size desk occupies in the floorplan.
c) State the area of the room.
d) State the amount of unused area in the classroom. (The dotted lines around the door represent
‘used’ space – you can’t put anything there so that the door will open and close.
e) State at least two ways that the area in this classroom could be used more efficiently.
8. Use a scale of 2:1 to reproduce the square shown in the grid below.
a) Determine the area, in square units, of each square.
b) How many of the small squares would fit inside the enlarged square?
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Answer Key
Assignment 1: Measuring and Converting Linear Quantities
1.
2.
3.
6.
9.

a) 0.87 m b) 160.8 in c) 1.69 lb d) 53.17 min e) 11950 g f) 336 hours g) 304.26 yd
a) 9720 min b) 3 150 000 mg c) 12.5 yds d) somewhere between 157 680 and 613 200 hrs
7.29 miles
4. The backpack is too heavy by 1.69 pounds.
5. 15.38 years
$93.37
7. a) $405 b) 27 hours
8. $7.88
a) 2200 minutes b) 1.53 days

Assignment 2: Measuring 2D Shapes: Perimeter and Area
1. a) 46 cm b) 20 m
3. a) 41 cm2 b) 56.75 cm2

2. a) 28.27 ft b) 94.25 in
c) 6.4 in2 d) 9 ft2 e) 113.10 m2

f) 85.5 km2

Assignment 3: Area of Irregular Shapes
1. a) 420 km2 b) 21026.55 m2 c) 1628.43 ft2
2. a) 13.73 cm2 b) 352.39 ft2 c) 48 in2 d) 15.45 cm2

Assignment 4: Perimeter and Area Applications
1. a) 474.73 ft2
2. $2523.70

b) 238 pieces of sod
3. $663.90

c) $199.92

d) $249.38

e) $147.84

f) $597.14

Assignment 5: Measuring 3D Shapes: Surface Area and Volume
1. a) SA = 1088 m2
c) SA = 75.40 ft2

V = 1920 m3
V = 37.70 ft3

b) SA = 17203.36 mm2 V = 212174.79 mm3
d) SA = 1599.84 cm2 V = 3770.67 cm3

Assignment 6: Surface Area and Volume of Irregular Shapes
1. 37.70 cm2
5. a) 30.39 cm3

2. 173.59 in3
3. a) 44 in2
b) (**OPTIONAL**) 58.94 cm2

b) 14 ft3

4. 228.02 in3

Assignment 7: Surface Area and Volume Applications
1.
2.
3.
4.
5.
6.

a) 14165 in2 b) $158.65
a) 60 ft2 b) 36 ft3 c) $252 d) 30.40 e) answers will vary
138740 (or 138743, depending on rounding)
a) 96 in2 b) $1.15 c) 48 in3 d) $0.86 e) $2.01 f) $3.51
a) $8756.22 b) $297.58
22 trips
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Assignment 8: Scale
1. a) length: 1125 cm
2.

height: 750 cm
Actual
Measurement (In
metres )

Actual
Measurement (in
cm)

Scale Drawing
Measurement (in
cm)

Length of the lot

40 m

4000 cm

10 cm

Width of the lot

32 m

3200 cm

8 cm

Length of the building

20 m

2000 cm

5 cm

Width of the building

16 m

1600 cm

4 cm

Distance (west side)

8m

800 cm

2 cm

3. No, the scale factor of 30% would NOT work, as the 6 cm side would have to be 1.8 inches on the
card, which is too large.
4. a) Reduction b) Enlargement c) Enlargement d) Reduction
5. a) 1 cm : 200 km b) approx. 250 km c) approx. 1400 km
6. 1060’
7. a) Large Desk: 4’ x 2’ Small Desk: 2’ x 2’ Teacher’s Desk: 6’ x 3’
b) Large Desk: 8 ft2 Small Desk: 4 ft2 Teacher’s Desk: 18 ft2
c) 220 ft2 d) 152 ft2 e) Answers will vary.
8.

a) small square: 16 square units large square: 64 square units
b) Four small squares would fit inside the larger square.
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Measurement Outcomes Summary
These are the outcomes that have been covered in this unit. Check off each box if you
are confident that you can demonstrate that skill:
 I can convert units to other units in the same measurement system.
 I can determine the perimeter and area of standard and irregular 2-dimensional
shapes.
 I can determine the surface area and volume of standard and irregular
3-dimensional shapes.
 I can solve contextual problems involving perimeter, area, surface area and
volume.
 I can determine the cost of design projects.
 I can recognize and apply a scale to a diagram
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Ongoing Self-Assessment for Mathematics Students
Understanding
How confident are you in your ability to demonstrate understanding of the outcomes of
this unit?
My ability to demonstrate understanding is a: STRENGTH 

CHALLENGE 

Attendance
Did you have consistently good attendance during this unit?
My attendance is a: STRENGTH 

CHALLENGE 

Out of Class Practice
Did you feel that when you needed to practice a math skill outside of class, you were
able to do so?
My ability to practice outside of class time is a: STRENGTH 

CHALLENGE 

Accessing Help
If you answered CHALLENGE to any of the questions above, consider the following
options for accessing help in order to be more successful in this course:





Talk to your TEACHER.
Make time to visit the RESOURCE ROOM (ROOM 104).
Get help / support / materials from a CLASSMATE.
Use any resources provided on a CLASS BLOG (if available).

You have completed a unit in this Math course. Please take some time to reflect on
your thoughts regarding your academic strengths and challenges as they relate to the
outcomes of this unit. You can also reflect on any previous outcomes of this course.
__________________________________________________________________
__________________________________________________________________

Formulas for Reference:
Circumference of a Circle: 𝐶 = 2𝜋𝑟
r

Area
Figure Name

rectangle

Diagram

w

l

Formula

Figure Name

𝑨 = 𝒍𝒘

triangle

Diagram

h

Formula

𝑨=

𝟏
𝒃𝒉
𝟐

b
s
square

s

𝑨 = 𝒍𝒘
OR
𝑨 = 𝒔𝟐

circle

r

𝑨 = 𝝅𝒓𝟐

Surface Area and Volume
Figure Name
Rectangular
Solid
(Box)

Diagram

Surface Area

Volume

𝑽 = 𝒍𝒘𝒉

𝑙

Top or Bottom = 𝑙𝑤
Front or Back = 𝑙ℎ
Either End = 𝑤ℎ
𝑺𝑨 = 𝟐𝒍𝒘 + 𝟐𝒍𝒉 + 𝟐𝒘𝒉

ℎ
𝑤

𝑟

Sphere
(Ball)

𝑙

Cone

𝑺𝑨 = 𝟒𝝅𝒓𝟐

Side = 𝜋𝑟𝑙
Bottom = 𝜋𝑟 2
𝑺𝑨 = 𝝅𝒓𝒍 + 𝝅𝒓𝟐

ℎ
𝑟

Cylinder

Side = 2𝜋𝑟ℎ
Bottom or Top = 𝜋𝑟 2
𝑺𝑨 = 𝟐𝝅𝒓𝒉 + 𝟐𝝅𝒓𝟐

𝑟
ℎ

Square-Based
Pyramid

s
b

Triangular
Prism

a

h c
b

l

𝑽=

𝑽=

𝟒 𝟑
𝝅𝒓
𝟑

𝟏 𝟐
𝝅𝒓 𝒉
𝟑

𝑽 = 𝝅𝒓𝟐 𝒉

Sides = 2𝑏𝑠
Bottom = 𝑏 2
𝑺𝑨 = 𝒃𝟐 + 𝟐𝒃𝒔

𝑽=

𝟏 𝟐
𝒃 𝒉
𝟑

Ends = 𝑏ℎ
Sides = 𝑙(𝑎 + 𝑏 + 𝑐)
𝑺𝑨 = 𝒃𝒉 + 𝒍(𝒂 + 𝒃 + 𝒄)

𝑽=

𝟏
𝒃𝒉𝒍
𝟐

