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E. �Natural Resource Science and 
Management

Overall Expectations
By the end of this course, students will:

E1.	 assess the environmental impact of the harvesting and/or extraction of resources, including ways 
of reducing this impact, and analyse threats to the sustainability of natural resources;

E2.	 investigate methods scientists use to classify and monitor natural resources, and conduct 
investigations using those methods;

E3.	 demonstrate an understanding of the sustainable use of resources and its relationship to the 
biodiversity and sustainability of ecosystems.

Specific Expectations

E1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

E1.1	 assess the environmental impact of industrial 
practices related to the extracting or harvesting 
of natural resources, and describe ways in which 
that impact can be monitored and minimized 
[AI, C]
Sample issue: As a result of overfishing, several 
marine species are endangered. Bottom-trawling 
drag nets drown sea life, including mammals 
and turtles, who become entangled in them, and 
destroy seafloor habitat. In an effort to allow 
endangered species to recover, governments 
monitor populations, sometimes limiting catches 
or declaring moratoriums, and some countries 
have banned bottom trawling.
Sample questions: What impact can mine tailings 
have on local water? What practices can be used 
to reduce this impact? What impact does clear-
cutting have on local ecosystems? What impact 
does large-scale deforestation have on the 
environment? What harvesting practices can the 
forestry industry use to minimize the effects of 
clear-cutting and deforestation? 

E1.2	 analyse, on the basis of research, the impact 
that an environmental contaminant, parasite,  
or bacteria has on the sustainability of a natural 
resource in Canada (e.g., the effects of PCBs on 
Arctic sea mammals, of sea lice on farmed and 
wild salmon, of E. coli on water resources)  
[IP, PR, AI, C] 

Sample issue: As a result of warmer winters and 
a policy of fire suppression, the mountain pine 
beetle has decimated coniferous forests in British 
Columbia, killing millions of lodgepole pines, 
the most widely harvested tree in the province. 
There are fears that the beetle will expand into 
Alberta and could eventually harm pine forests 
across the country.
Sample questions: How have mercury levels 
in fish affected the local fishing industry in 
Northern Ontario? How has mange affected the 
fox population and people who depend on trap-
ping? What impact has increased bacteria levels 
in inland waterways had on duck populations? 

E2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

E2.1	 use appropriate terminology related to natural 
resources and resource management, including, 
but not limited to: population, bioamplification, 
sampling size, sustainability, ore, mineral, tailings, 
and succession [C]

E2.2	 identify and classify a variety of natural  
resources found in Canada, using appropriate 
classification systems (e.g., dichotomous keys, 
botanical keys, tree identification guides, wild-
life guides, mineral tests) [PR, AI] 
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E2.3	 investigate, through laboratory inquiry, field 
study, or simulations, some of the methods and 
procedures used by scientists to monitor bio-
diversity in different environments (e.g., making 
plant tallies in forests; tagging or marking ground 
vegetation species in fields; tagging and tracking 
wildlife with the global positioning system in 
remote areas; using aquatic dip nets for sampling 
organisms in shallow ponds or streams) [PR]

E2.4	 conduct an inventory of a local environment 
(e.g., a field, a pond), using appropriate tech-
niques and methods (e.g., plant tallies, tags, keys), 
and display the results graphically [PR, C]

E3. Understanding Basic Concepts

By the end of this course, students will:

E3.1	 describe the main types of natural resources 
found in Canada (e.g., forests, minerals, fisheries, 
wildlife, water, fossil fuels)

E3.2	 describe the characteristics and properties that 
make a natural resource viable for use (e.g., the 
size, type, and location of trees; the value,  

	 location, and extraction and processing costs of 
minerals), and explain the importance of man-
aging natural resources to ensure sustainability 
and biodiversity

E3.3	 describe a variety of methods used to extract 
or harvest natural resources (e.g., drag nets, strip 
mining, selective cutting of forests) 

E3.4	 explain how a variety of sampling techniques 
(e.g., quadrant sampling, catch-and-release, core 
sampling to measure tree rings, counting annuli 
in scales to measure the age of fish) are used to 
gather information about natural resources 

E3.5	 explain the importance of biodiversity to the 
sustainability of life within an ecosystem (e.g., 
variability among biotic and abiotic factors 
within an ecosystem decreases the chance 
that any organism within that ecosystem will 
become extinct)

E3.6	 describe some methods that scientists use to 
monitor biodiversity in aquatic and terrestrial 
environments (e.g., field data collection, aerial 
and satellite imagery)
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F. �The Safe and Environmentally 
Responsible Workplace*

Overall Expectations
By the end of this course, students will:

F1.	 assess workplace situations with respect to safety and environmental issues, and propose a course 
of action to address unsafe working conditions;

F2.	 investigate a variety of safe and environmentally responsible workplace practices;

F3.	 demonstrate an understanding of general workplace safety procedures and environmentally 
responsible practices.

Specific Expectations

F1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

F1.1	 analyse unsafe working conditions that can 
affect young workers in various workplace 
situations (e.g., using information from the 
Live Safe! Work Smart! website; using infor-
mation obtained during a co-op placement or 
through experiential learning), and propose a 
course of action that would help to improve 
one such situation [AI, C] 
Sample issue: A young worker is asked by her 
employer to place boxes on the top shelf of an 
eight-foot storage unit. However, no one is 
available to help her, and the only ladder in 
the workplace is unstable. She is unsure what 
action she should take. 
Sample questions: What are the most frequent 
injuries among young workers? What types of 
jobs result in the most frequent and/or most 
serious injuries among young workers? How 
can the risks associated with these injuries be 
reduced? How should a young worker address 
a safety concern? How can companies be  
encouraged to create safe work environments? 

F1.2	 analyse, on the basis of research, and report 
on the environmental impact of unsafe han-
dling, storage, and disposal of hazardous and 
non-hazardous workplace materials associated 
with a particular job [IP, PR, AI, C] 

Sample issue: Home construction workers use a 
range of materials that can harm the environment. 
Spills of stains and solvents, improper disposal 
of paint and other chemical substances, the 
particulate matter created when wall board is 
cut or insulation is blown, and improper storage 
of combustible or corrosive materials can con-
taminate the air, water, and soil. 
Sample questions: What impact does the im-
proper storage and disposal of cooking oils in 
fast-food restaurants have on the environment? 
In what ways can improper handling or disposal 
of medical materials (e.g., pharmaceuticals, med-
ical isotopes, disinfectants) in a hospital affect 
the environment? What is the environmental 
impact if fast-food restaurants do not separate 
their waste into compostable, recyclable, and 
non-recyclable materials?

F2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

F2.1	 use appropriate terminology related to safety 
and environmental responsibility in the work-
place, including, but not limited to: Möbius loop, 
Material Safety Data Sheet (MSDS), Hazardous 
Household Product Symbols (HHPS), hazardous 
material, and personal protective equipment (PPE) [C] 

* �Activities related to the achievement of expectations that refer to “the workplace” and/or that involve hazardous materials 
may be simulated in the classroom. It is the teacher’s responsibility to ensure students’ safety.
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F2.2	 demonstrate proper use of a variety of safety 
techniques and procedures after completing a 
recognized safety training program (e.g., a 
“virtual WHMIS” program such as Passport to 
Safety) [PR]

F2.3	 conduct an inventory of hazardous products, 
safety equipment, and personal protective 
equipment found in a workplace, using an 
accepted tool (e.g., a FireSmart Assessment test 
from the Ministry of Natural Resources), and 
communicate the results using a table or check-
list [PR, C]

F2.4	 use appropriate techniques for handling, 
storing, and disposing of teacher-selected  
materials, drawing on Material Safety Data 
Sheets and Canadian Environmental Protection 
Act regulations (e.g., use appropriate personal 
protective equipment), and outline proper  
procedures for handling those materials in  
the workplace [PR, C]

F2.5	 design and report on a plan for reusing,  
recycling, reducing the volume of, or disposing 
of a hazardous material found in the workplace 
(e.g., disposing of batteries, reusing motor or 
cooking oils for a different purpose) [IP, C] 

F2.6	 investigate the effectiveness of a personal 
protective device or environmental protection 
device for use in the workplace (e.g., compare 
two different spill kits for absorbing spills; test 
the key features of a mask for protection from 
airborne particulate matter; identify the appro-
priate types of eye protection for different 
situations) [PR, AI] 

F3. Understanding Basic Concepts

By the end of this course, students will:

F3.1	 describe some of the ways in which implemen-
tation of the 4Rs (reduce, reuse, recycle, and 
recover) in the workplace protects the environment 

	 (e.g., by reducing the production of garbage and 
recycling materials for daily use), and explain 
the meaning of different symbols used to  
promote these strategies (e.g., different represen-
tations of the Möbius loop [the international 
recycling symbol]) 

F3.2	 compare some of the features, uses, and  
environmental implications of Hazardous 
Household Product Symbols and WHMIS  
hazard symbols 

F3.3	 identify and describe common types of 
biological, physical, and chemical hazards in 
the workplace (e.g., hazards posed by bac-
teria, noise, work at dangerous heights, use 
of chemicals and other hazardous materials) 
and associated accident-prevention methods 
(e.g., sterilization, soundproofing, use of five-
point safety harnesses, use of safe storage 
cabinets, safe disposal of chemicals) 

F3.4	 explain how the use of personal protective 
equipment (e.g., aluminized gloves, a welding 
shield, ear plugs, a self-contained breathing 
apparatus, an air-purifying mask) minimizes 
exposure to hazardous materials that can enter 
the body through ingestion, inhalation, absorp-
tion, and injection 

F3.5	  identify some current workplace procedures, 
practices, and protocols that help to protect the 
environment (e.g., garbage separation, paper 
recycling, use of recycled products, “telecom-
muting” to workplaces, practices that conserve 
water and energy)
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Physics, Grade 11
University Preparation	 SPH3U

This course develops students’ understanding of the basic concepts of physics. Students 
will explore kinematics, with an emphasis on linear motion; different kinds of forces; 
energy transformations; the properties of mechanical waves and sound; and electricity 
and magnetism. They will enhance their scientific investigation skills as they test laws 
of physics. In addition, they will analyse the interrelationships between physics and 
technology, and consider the impact of technological applications of physics on society 
and the environment.

Prerequisite: Science, Grade 10, Academic

Big Ideas
Kinematics

Motion involves a change in the position of an object over time.
Motion can be described using mathematical relationships.
Many technologies that apply concepts related to kinematics have societal and 
environmental implications.

Forces
Forces can change the motion of an object.
Applications of Newton’s laws of motion have led to technological developments that 
affect society and the environment.

Energy and Society
Energy can be transformed from one type to another.
Energy transformation systems often involve thermal energy losses and are never 
100% efficient.
Although technological applications that involve energy transformations can affect 
society and the environment in positive ways, they can also have negative effects, and 
therefore must be used responsibly.

Waves and Sound
Mechanical waves have specific characteristics and predictable properties.
Sound is a mechanical wave.
Mechanical waves can affect structures, society, and the environment in positive and 
negative ways.

Electricity and Magnetism
Relationships between electricity and magnetism are predictable.
Electricity and magnetism have many technological applications.
Technological applications that involve electromagnetism and energy transformations 
can affect society and the environment in positive and negative ways.

•
•
•

•
•

•
•

•

•
•
•

•
•
•
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Fundamental Concepts Covered in This Course (see also page 5)

Fundamental Concepts Kinematics Forces Energy 
and Society

Waves 
and 
Sound

Electricity and 
Magnetism

Matter ¸ ¸ ¸ ¸

Energy ¸ ¸ ¸ ¸ ¸

Systems and Interactions ¸ ¸ ¸ ¸ ¸

Structure and Function ¸ ¸ ¸ ¸

Sustainability and 
Stewardship ¸ ¸ ¸

Change and Continuity ¸
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A1.	 Scientific Investigation Skills

Throughout this course, students will:

Initiating and Planning [IP]*
A1.1	 formulate relevant scientific questions about 

observed relationships, ideas, problems, or 
issues, make informed predictions, and/or  
formulate educated hypotheses to focus inquiries 
or research

A1.2	select appropriate instruments (e.g.,  
probeware, calorimeters, pendulums, solenoids) 
and materials (e.g., drag sleds, electric bells, 
balls, ramps), and identify appropriate methods, 
techniques, and procedures, for each inquiry

A1.3	 identify and locate a variety of print and 
electronic sources that enable them to address 
research topics fully and appropriately

A1.4	apply knowledge and understanding of safe 
laboratory practices and procedures when plan-
ning investigations by correctly interpreting 
Workplace Hazardous Materials Information 
System (WHMIS) symbols; by using appropriate 
techniques for handling and storing laboratory 
equipment and materials and disposing of 
laboratory materials; and by using appropriate 
personal protection

Performing and Recording [PR]*
A1.5	conduct inquiries, controlling relevant  

variables, adapting or extending procedures  
as required, and using appropriate materials 
and equipment safely, accurately, and effectively, 
to collect observations and data

A1.6	compile accurate data from laboratory and 
other sources, and organize and record the 
data, using appropriate formats, including 
tables, flow charts, graphs, and/or diagrams

A1.7	select, organize, and record relevant infor-
mation on research topics from a variety of 
appropriate sources, including electronic, print, 
and/or human sources, using suitable formats 
and an accepted form of academic documentation

Analysing and Interpreting [AI]*
A1.8	synthesize, analyse, interpret, and evaluate 

qualitative and/or quantitative data; solve 
problems involving quantitative data; determine 
whether the evidence supports or refutes the 
initial prediction or hypothesis and whether it 
is consistent with scientific theory; identify 
sources of bias and/or error; and suggest  
improvements to the inquiry to reduce the  
likelihood of error

A1.9	analyse the information gathered from  
research sources for logic, accuracy, reliability, 
adequacy, and bias

A. �Scientific Investigation Skills 
and Career Exploration

Overall Expectations
Throughout this course, students will:

A1.	 demonstrate scientific investigation skills (related to both inquiry and research) in the four areas  
of skills (initiating and planning, performing and recording, analysing and interpreting,  
and communicating);

A2.	 identify and describe careers related to the fields of science under study, and describe the 
contributions of scientists, including Canadians, to those fields.

Specific Expectations

* �The abbreviation(s) for the broad area(s) of investigation skills – IP, PR, AI, and/or C – are provided in square brackets at the end of 
the expectations in strands B–F to which the particular area(s) relate (see pp. 20–22 for information on scientific investigation skills).
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A1.10  draw conclusions based on inquiry results 
and research findings, and justify their conclu-
sions with reference to scientific knowledge

Communicating [C]*
A1.11  communicate ideas, plans, procedures,  

results, and conclusions orally, in writing,  
and/or in electronic presentations, using  
appropriate language and a variety of formats 
(e.g., data tables, laboratory reports, presen-
tations, debates, simulations, models)

A1.12  use appropriate numeric (e.g., SI and  
imperial units), symbolic, and graphic modes  
of representation for qualitative and quantitative 
data (e.g., vector diagrams, free-body diagrams, 
algebraic equations)

A1.13  express the results of any calculations  
involving data accurately and precisely, to  
the appropriate number of decimal places or  
significant figures

A2.	 Career Exploration

Throughout this course, students will:

A2.1  identify and describe a variety of careers  
related to the fields of science under study  
(e.g., theoretical physicist; communications, 
networks, and control systems professional;  
engineer; metallurgist) and the education and 
training necessary for these careers

A2.2  describe the contributions of scientists,  
including Canadians (e.g., Richard E. Taylor, 
Leonard T. Bruton, Willard S. Boyle, Martha 
Salcudean, Harriet Brooks, Louis Slotin), to 
the fields under study
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B1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

B1.1	 analyse, on the basis of research, a technology 
that applies concepts related to kinematics (e.g., 
devices used to measure speed in sports; rocket 
accelerators; motion-detecting sensors for 
security systems; speedometers in automobiles) 
[IP, PR, AI, C]

Sample questions: How does a speed gun 
measure the motion of a ball thrown by a baseball 
pitcher? How are accelerometers used to study 
the motion of animals in wilderness settings? 
How are accelerometers used in video game 
consoles? What type of device is used to  
monitor false starts in a sprint? How does  
it work?

B1.2	 assess the impact on society and the environ-
ment of a technology that applies concepts 
related to kinematics (e.g., photo radar helps 
prevent vehicular accidents and reduces fuel 
consumption associated with excessive speeding) 
[AI, C]

Sample issue: The use of the global positioning 
system (GPS) increases accuracy in mapping, 
surveying, navigation, monitoring earthquakes, 
and tracking the movement of oil spills and  
forest fires, among other benefits. However, its 
extensive use raises concerns about privacy and 
human rights.

Sample questions: How are satellites used to 
track animal species in remote areas? How can 
scientists and environmentalists use this infor-
mation to help protect vulnerable species? What 
is the impact of the use of speed limiters and 
tracking devices in the trucking industry? What 
effect do lower truck speeds have on highway 
safety and vehicle emissions?

B2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

B2.1	 use appropriate terminology related to 
kinematics, including, but not limited to: 
time, distance, position, displacement, speed,  
velocity, and acceleration [C]

B2.2	 analyse and interpret position–time, velocity–
time, and acceleration–time graphs of motion  
in one dimension (e.g., use tangent slopes to 
create velocity–time graphs from position–time 
graphs and acceleration–time graphs from  
velocity–time graphs; use the area under the 
curve to create position–time graphs from  
velocity–time graphs and velocity–time graphs 
from acceleration–time graphs) [AI, C]

B2.3	 use a velocity–time graph for constant accel-
eration to derive the equation for average velocity 
[e.g., vav = (v1 + v2)/2] and the equations for 
displacement [e.g., Δd = ((v1 + v2 )/2) Δt,  
Δd = v1Δt + ½ a (Δt2)], and solve simple problems 
in one dimension using these equations [AI]

B. �Kinematics

Overall Expectations
By the end of this course, students will:

B1.	 analyse technologies that apply concepts related to kinematics, and assess the technologies’ social 
and environmental impact;

B2.	 investigate, in qualitative and quantitative terms, uniform and non-uniform linear motion, and solve 
related problems;

B3.	 demonstrate an understanding of uniform and non-uniform linear motion, in one and two dimensions.

Specific Expectations
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B2.4	 conduct an inquiry into the uniform and 
non-uniform linear motion of an object (e.g., 
use probeware to record the motion of a cart 
moving at a constant velocity or a constant  
acceleration; view a computer simulation of  
an object attaining terminal velocity; observe a 
video of a bouncing ball or a skydiver; observe 
the motion of a balloon with a small mass  
suspended from it) [PR]

B2.5	 solve problems involving distance, position, 
and displacement (e.g., find total displacement 
using a scale vector diagram and vector com-
ponents, and compare it to total distance 
travelled) [AI, C]

B2.6	 plan and conduct an inquiry into the motion 
of objects in one dimension, using vector  
diagrams and uniform acceleration equations 
[IP, PR, C]

B2.7	 solve problems involving uniform and  
non-uniform linear motion in one and two  
dimensions, using graphical analysis and  
algebraic equations [AI, C]

B2.8	 use kinematic equations to solve problems 
related to the horizontal and vertical components 
of the motion of a projectile (e.g., a cannon ball 

	 shot horizontally off a cliff, a ball rolling off a 
table, a golf ball launched at a 45º angle to the 
horizontal) [AI, C]

B2.9	 conduct an inquiry into the projectile motion 
of an object, and analyse, in qualitative and 
quantitative terms, the relationship between the 
horizontal and vertical components (e.g., airborne 
time, range, maximum height, horizontal velocity, 
vertical velocity) [PR, AI]

B3. Understanding Basic Concepts

By the end of this course, students will:

B3.1	 distinguish between the terms constant,  
instantaneous, and average with reference to 
speed, velocity, and acceleration, and provide 
examples to illustrate each term

B3.2	 distinguish between, and provide examples 
of, scalar and vector quantities as they relate to 
the description of uniform and non-uniform 
linear motion (e.g., time, distance, position,  
velocity, acceleration)

B3.3	 describe the characteristics and give  
examples of a projectile’s motion in vertical  
and horizontal planes

K
inematics









186

G
ra

d
e

 1
1

, U
n

iv
e

rs
it

y
 P

re
p

a
ra

ti
o

n
T

H
E 

O
N

TA
R

IO
 C

U
R

R
IC

U
LU

M
, G

R
A

D
ES

 1
1

 A
N

D
 1

2
  |

  S
ci

en
ce

C1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

C1.1	 analyse, with reference to Newton’s laws,  
a technology that applies these laws (e.g.,  
extremely low friction bearings, near friction-
less carbon, different types of athletic shoes, 
roller coasters), and propose ways to improve 
its performance [AI, C]

Sample questions: What factors are taken into 
consideration in the design of golf clubs? What 
element(s) could be changed to improve a club’s 
performance? How do anti-lock brakes work, 
and what limitations do they have? What 
impact does the condition of the road (wet, dry, 
smooth, grooved) have on the forces acting on 
the braking of a skidding car? What are the 
benefits and limitations of electronic stability 
controls (ESC) on automobiles?

C1.2	 evaluate the impact on society and the  
environment of technologies that use the princi-
ples of force (e.g., prosthetics, plastic car bodies) 
[AI, C]

Sample issue: Before the 1960s, when car bodies 
were strong and rigid, passengers tended to be 
severely injured during collisions. The intro-
duction of technologies that absorb or dissipate 
force, such as crumple zones, seat belts, and air 
bags, has reduced serious automobile injuries 
and the social costs associated with them.

Sample questions: How do snow tires reduce 
the risk of traffic accidents in the winter? How 
does society benefit from this risk reduction? 
What are the advantages and disadvantages  
for the environment of various methods of 
using the natural forces from tidal currents to 
generate energy?

C2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

C2.1	 use appropriate terminology related to forces, 
including, but not limited to: mass, time, speed, 
velocity, acceleration, friction, gravity, normal force, 
and free-body diagrams [C]

C2.2	 conduct an inquiry that applies Newton’s 
laws to analyse, in qualitative and quantitative 
terms, the forces acting on an object, and use 
free-body diagrams to determine the net force 
and the acceleration of the object [PR, AI, C]

C2.3	 conduct an inquiry into the relationship  
between the acceleration of an object and its net 
force and mass (e.g., view a computer simulation 
of an object attaining terminal velocity; observe 
the motion of an object subject to friction; use 
electronic probes to observe the motion of an 
object being pulled across the floor), and analyse 
the resulting data [PR, AI]

C. �Forces

Overall Expectations
By the end of this course, students will:

C1.	 analyse and propose improvements to technologies that apply concepts related to dynamics 
and Newton’s laws, and assess the technologies’ social and environmental impact;

C2.	 investigate, in qualitative and quantitative terms, net force, acceleration, and mass, and solve 
related problems;

C3.	 demonstrate an understanding of the relationship between changes in velocity and unbalanced 
forces in one dimension.

Specific Expectations
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C2.4	 analyse the relationships between acceleration 
and applied forces such as the force of gravity, 
normal force, force of friction, coefficient of 
static friction, and coefficient of kinetic friction, 
and solve related problems involving forces in 
one dimension, using free-body diagrams and 
algebraic equations (e.g., use a drag sled to find 
the coefficient of friction between two surfaces) 
[AI, C]

C2.5	 plan and conduct an inquiry to analyse the 
effect of forces acting on objects in one dimen-
sion, using vector diagrams, free-body diagrams, 
and Newton’s laws [IP, PR, AI, C]

C2.6	 analyse and solve problems involving the  
relationship between the force of gravity and 
acceleration for objects in free fall [AI]

C3. Understanding Basic Concepts

By the end of this course, students will:

C3.1	 distinguish between, and provide examples 
of, different forces (e.g., friction, gravity, normal 
force), and describe the effect of each type of 
force on the velocity of an object

C3.2	 explain how the theories and discoveries of 
Galileo and Newton advanced knowledge of 
the effects of forces on the motion of objects

C3.3	 state Newton’s laws, and apply them, in 
qualitative terms, to explain the effect of forces 
acting on objects

C3.4	 describe, in qualitative and quantitative terms, 
the relationships between mass, gravitational 
field strength, and force of gravity

Forces
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D1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

D 1.1 	analyse, using the principles of energy 
transformations, a technology that involves the 
transfer and transformation of thermal energy 
(e.g., a power station, an air conditioner, a fuel 
cell, a laser printer) [AI, C]

Sample questions: How do vertical or rooftop 
gardens help insulate structures? In what ways 
have refrigeration technologies changed since 
their initial development? When they are  
designed efficiently, how do homes with solar-
powered cells use the energy from the sun? 
How do ground-source heat pumps reduce the 
need for traditional heating and cooling systems?

D 1.2 	assess, on the basis of research, how technol-
ogies related to nuclear, thermal, or geothermal 
energy affect society and the environment (e.g., 
thermal regulating units, radiopharmaceuticals, 
dry-steam power plants, ground-source heat 
pumps) [IP, PR, AI, C]

Sample issue: With the rising economic and 
environmental costs of heating homes using 
conventional methods, geothermal technologies 
are an increasingly popular alternative. 
However, tapping geothermal heat sources  
involves placing kilometres of tubing containing 
antifreeze in the ground, which constitutes a 
potential environmental hazard.
Sample questions: How is the nuclear technol-
ogy known as receptor binding assay used to 
monitor the toxicity of shellfish? How does this 
technology benefit consumers? How can nuclear 

technology be used to sterilize insects? If used 
widely, what impact would such a pest-control 
technique have on society and the environment? 
What is the benefit of using fast-freeze technol-
ogies in cold chain shipping for highly 
perishable goods?

D2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

D 2.1 	use appropriate terminology related to energy 
transformations, including, but not limited to: 
mechanical energy, gravitational potential energy,  
kinetic energy, work, power, fission, fusion, heat, heat 
capacity, temperature, and latent heat [C]

D 2.2 	solve problems relating to work, force, and 
displacement along the line of force [AI]

D 2.3 	use the law of conservation of energy to solve 
problems in simple situations involving work, 
gravitational potential energy, kinetic energy, 
and thermal energy and its transfer (heat) [AI]

D 2.4 	plan and conduct inquiries involving 
transformations between gravitational potential 
energy and kinetic energy (e.g., using a pendu-
lum, a falling ball, an object rolling down a ramp) 
to test the law of conservation of energy [IP, PR]

D 2.5 	solve problems involving the relationship 
between power, energy, and time [AI]

D 2.6 	conduct inquiries and solve problems 
involving the relationship between power and 
work (e.g., the power of a student using different 
types of fitness equipment) [PR, AI]

D. �E NE R G Y  A ND  S O CIE T Y

OVERALL EXPECTATIONS
By the end of this course, students will:

D1. 	 analyse technologies that apply principles of and concepts related to energy transformations, and 
assess the technologies’ social and environmental impact;

D2 . 	 investigate energy transformations and the law of conservation of energy, and solve related problems;

D3 . 	 demonstrate an understanding of work, efficiency, power, gravitational potential energy, kinetic 
energy, nuclear energy, and thermal energy and its transfer (heat).

SPECIFIC EXPECTATIONS
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D2.7	compare and contrast the input energy,  
useful output energy, and per cent efficiency 
of selected energy generation methods  
(e.g., hydroelectric, thermal, geothermal, nuclear 
fission, nuclear fusion, wind, solar) [AI, C]

D2.8	investigate the relationship between the con-
cepts of conservation of mass and conservation 
of energy, and solve problems using the mass–
energy equivalence [PR, AI]

D2.9	conduct an inquiry to determine the specific 
heat capacity of a single substance (e.g., alum-
inum, iron, brass) and of two substances when 
they are mixed together (e.g., the heat lost by a 
sample of hot water and the heat gained by a 
sample of cold water when the two samples are 
mixed together) [PR]

D2.10  solve problems involving changes in tem-
perature and changes of state, using algebraic 
equations (e.g., Q = mcΔT, Q = mLf , Q = mLv) 
[AI, C]

D2.11  draw and analyse heating and cooling 
curves that show temperature changes and 
changes of state for various substances [AI, C]

D3. Understanding Basic Concepts

By the end of this course, students will:

D3.1	describe a variety of energy transfers and 
transformations, and explain them using the 
law of conservation of energy

D3.2	explain the concepts of and interrelationships 
between energy, work, and power, and identify 
and describe their related units

D3.3	explain the following concepts, giving  
examples of each, and identify their related  

	 units: thermal energy, kinetic energy, gravitational  
potential energy, heat, specific heat capacity, spe-
cific latent heat, power, and efficiency

D3.4	identify, qualitatively, the relationship between 
efficiency and thermal energy transfer

D3.5	describe, with reference to force and dis-
placement along the line of force, the conditions 
that are required for work to be done

D3.6	describe and compare nuclear fission and 
nuclear fusion

D3.7	explain, using the kinetic molecular theory, 
the energy transfer that occurs during changes 
of state

D3.8	distinguish between and provide examples 
of conduction, convection, and radiation

D3.9	identify and describe the structure of com-
mon nuclear isotopes (e.g., hydrogen, 
deuterium, tritium)

D3.10  compare the characteristics of (e.g., mass, 
charge, speed, penetrating power, ionizing abil-
ity) and safety precautions related to alpha 
particles, beta particles, and gamma rays

D3.11  explain radioactive half-life for a given 
radioisotope, and describe its applications and 
their consequences

D3.12  explain the energy transformations that 
occur within a nuclear power plant, with refer-
ence to the laws of thermodynamics (e.g., 
nuclear fission results in the liberation of en-
ergy, which is converted into thermal energy; 
the thermal energy is converted into electrical 
energy and waste heat, using a steam turbine)

Energ
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E1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

 E1.1	analyse how properties of mechanical waves 
and sound influence the design of structures 
and technological devices (e.g., the acoustical 
design of a concert hall; the design of head-
phones, hearing aids, musical instruments, 
wave pools) [AI, C]

Sample issue: Waves cause vibrations when 
they oscillate at different frequencies. 
Oscillating waves caused by wind or earth-
quakes can threaten the structure of bridges  
if they are not properly designed. Engineers  
have developed different designs of bridges,  
depending on local conditions, but no single 
design can take all possible wave frequencies 
into account.
Sample questions: How do energy-conversion 
buoys use the properties of waves to generate 
electricity? Why do different musical instruments 
produce different sounds? What features need 
to be incorporated into the acoustic design of an 
outdoor concert venue in order for it to provide 
optimal sound quality for the audience but 
limited noise in the surrounding area?

E1.2	 analyse the negative impact that mechanical 
waves and/or sound can have on society and 
the environment, and assess the effectiveness of 
a technology intended to reduce this impact 
[AI, C]

Sample issue: Noise pollution from industrial, 
transportation, entertainment, and other sources 
can increase stress, lead to hearing loss, disrupt 
ecosystems, and alter animal behaviour. Noise 
pollution can be reduced by using mufflers, 
sound barriers, baffles, and earplugs, and by 
turning down the volume on devices such as 
cellphones and headsets.
Sample questions: What impact can tsunamis 
have on coastal regions? How effective is 
tsunami-monitoring equipment in reducing 
death tolls and property destruction? How do 
the noise levels produced by different types of 
jet engines compare with each other? How effect-
ive are the sound baffles erected on the sides of 
highways that run through residential areas?

E2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

 E2.1	use appropriate terminology related to 
mechanical waves and sound, including, but 
not limited to: longitudinal wave, transverse  
wave, frequency, period, cycle, amplitude, phase, 
wavelength, velocity, superposition, constructive 
interference, destructive interference, standing 
waves, and resonance [C]

E2.2	 conduct laboratory inquiries or computer 
simulations involving mechanical waves and 
their interference (e.g., using a mass oscillating 
on a spring, a mass oscillating on a pendulum, 
the oscillation in a string instrument) [PR]

E. �Waves and Sound

Overall Expectations
By the end of this course, students will:

E1.	 analyse how mechanical waves and sound affect technology, structures, society, and the environment, 
and assess ways of reducing their negative effects;

E2.	 investigate, in qualitative and quantitative terms, the properties of mechanical waves and sound, 
and solve related problems;

E3.	 demonstrate an understanding of the properties of mechanical waves and sound and of the principles 
underlying their production, transmission, interaction, and reception.

Specific Expectations
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E2.3	 plan and conduct inquiries to determine the 
speed of waves in a medium (e.g., a vibrating 
air column, an oscillating string of a musical in-
strument), compare theoretical and empirical 
values, and account for discrepancies [IP, PR, AI, C]

E2.4	 investigate the relationship between the 
wavelength, frequency, and speed of a wave, 
and solve related problems [PR, AI]

E2.5	 analyse the relationship between a moving 
source of sound and the change in frequency 
perceived by a stationary observer (i.e., the 
Doppler effect) [AI]

E2.6	 predict the conditions needed to produce 
resonance in vibrating objects or air columns  
(e.g., in a wind instrument, a string instrument, 
a tuning fork), and test their predictions 
through inquiry [IP, PR, AI]

E2.7	 analyse the conditions required to produce 
resonance in vibrating objects and/or in air col-
umns (e.g., in a string instrument, a tuning fork, 
a wind instrument), and explain how resonance 
is used in a variety of situations (e.g., to produce 
different notes in musical instruments; to limit 
undesirable vibrations in suspension bridges; 
to design buildings so that they do not resonate 
at the frequencies produced by earthquakes) 
[AI, C]

E3. Understanding Basic Concepts

By the end of this course, students will:

E3.1	 distinguish between longitudinal and  
transverse waves in different media, and  
provide examples of both types of waves

E3.2	 explain the components of resonance, and 
identify the conditions required for resonance to 
occur in vibrating objects and in various media 
(e.g., with reference to a musical instrument, a 
child on a swing, the Tacoma Narrows Bridge)

E3.3	 explain and graphically illustrate the principle 
of superposition with respect to standing waves 
and beat frequencies

E3.4	 identify the properties of standing waves, 
and, for both mechanical and sound waves,  
explain the conditions required for standing 
waves to occur

E3.5	 explain the relationship between the speed 
of sound in various media and the particle  
nature of the media (e.g., the speed of sound in 
solids, liquids, and gases; the speed of sound in 
warm and cold air)

E3.6	 explain selected natural phenomena (e.g., 
echo location, or organisms that produce or 
receive infrasonic, audible, or ultrasonic sound) 
with reference to the characteristics and proper-
ties of waves

W
aves


 and




 Sound
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F1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

F1.1	 analyse the social and economic impact  
of technologies related to electromagnetism  
(e.g., particle accelerators, mass spectrometers, 
magnetic levitation [maglev] trains, magnetic 
resonance imaging [MRI], electromagnetic 
pulses after nuclear explosions) [AI, C]

Sample issue: The use of red-light camera tech-
nology at busy intersections has decreased the 
number of accidents and pedestrian fatalities. 
However, some people view the use of this 
technology as an unnecessary intrusion by  
“Big Brother”.
Sample questions: What are the benefits of elec-
tromagnetic medical technologies? What impact 
does the cost of acquiring these technologies, 
and the need for specialized technicians to 
operate them, have on equitable access to 
health care in all regions of Canada? What 
harmful effects do solar flares have on our 
atmosphere, satellites orbiting the earth, and 
electrical systems?

F1.2	 analyse the efficiency and the environmental 
impact of one type of electrical energy production 
(e.g., from hydroelectric, fossil fuel–burning, 
wind, solar, geothermal, or nuclear sources), 
and propose ways to improve the sustainability 
of electrical energy production [AI, C]

Sample issue: Compared to oil, coal is relatively 
inexpensive and plentiful, and, globally, the 
number of coal-burning electrical plants is  
expanding. Yet, coal power is inefficient, and 
the mining and burning of coal produce a great 
deal of pollution. Although technology is  
available to make coal cleaner, it is costly and 
has been implemented to only a limited extent.
Sample questions: How efficient are the small- 
and large-scale solar-power systems used in 
individual homes and industrial settings? What 
is the environmental impact of the generation 
of solar power? What technologies are being 
used to improve the efficiency of energy sources 
such as coal and biofuel? What impact does the 
increasing use of biofuels have on air quality, 
land use, and agricultural practices?

F2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

F2.1	 use appropriate terminology related to electri-
city and magnetism, including, but not limited 
to: direct current, alternating current, conventional 
current, electron flow, electrical potential difference, 
electrical resistance, power, energy, step-up trans-
former, and step-down transformer [C]

F2.2	 analyse diagrams of series, parallel, and mixed 
circuits with reference to Ohm’s law (V = IR) and 
Kirchhoff’s laws [AI]

F. �Electricity and Magnetism

Overall Expectations
By the end of this course, students will:

F1.	 analyse the social, economic, and environmental impact of electrical energy production and  
technologies related to electromagnetism, and propose ways to improve the sustainability of electrical 
energy production;

F2.	 investigate, in qualitative and quantitative terms, magnetic fields and electric circuits, and solve 
related problems;

F3.	 demonstrate an understanding of the properties of magnetic fields, the principles of current and  
electron flow, and the operation of selected technologies that use these properties and principles to 
produce and transmit electrical energy.

Specific Expectations
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F2.3	 design and build real or computer-simulated 
mixed direct current (DC) circuits, and explain 
the circuits with reference to direct current,  
potential difference, and resistance [PR, C]

F2.4	 conduct an inquiry to identify the character-
istics and properties of magnetic fields (e.g., 
using magnetic compasses, iron filings, and 
electric and magnetic field sensors) [PR]

F2.5	 investigate, through laboratory inquiry  
or computer simulation, the magnetic fields 
produced by an electric current flowing 
through a long straight conductor and a  
solenoid (e.g., use sensors to map the  
magnetic field around a solenoid) [PR]

F2.6	 solve problems involving energy, power,  
potential difference, current, and the number  
of turns in the primary and secondary coils of  
a transformer [AI]

F2.7	 investigate electromagnetic induction,  
and, using Lenz’s law, the law of conservation 
of energy, and the right-hand rule, explain 
and illustrate the direction of the electric current 
induced by a changing magnetic field [PR, AI, C]

F2.8	 construct a prototype of a device that uses 
the principles of electromagnetism (e.g., an 
electric bell, loudspeaker, ammeter, electric  
motor, electric generator), and test and refine 
their device [PR, AI]

F3. Understanding Basic Concepts

By the end of this course, students will:

F3.1	 describe the properties of magnetic fields  
in permanent magnets and electromagnets  
(e.g., the three-dimensional nature of fields,  
continuous field lines, fields around current- 
carrying conductors and coils)

F3.2	 explain, by applying the right-hand rule, the 
direction of the magnetic field produced when 
electric current flows through a long straight 
conductor and through a solenoid

F3.3	 distinguish between conventional current 
and electron flow in relation to the left- and 
right-hand rules

F3.4	 explain Ohm’s law, Kirchhoff’s laws, 
Oersted’s principle, the motor principle, 
Faraday’s law, and Lenz’s law in relation to 
electricity and magnetism

F3.5	 describe the production and interaction of 
magnetic fields, using diagrams and the 
principles of electromagnetism (e.g., Oersted’s 
principle, the motor principle, Faraday’s law, 
Lenz’s law)

F3.6	 explain the operation of an electric motor 
and a generator, including the roles of their  
respective components

F3.7	 distinguish between alternating current (AC) 
and direct current, and explain why alternating 
current is presently used in the transmission of 
electrical energy

F3.8	 describe the components of step-up and 
step-down transformers, and, using concepts 
and principles related to electric current and 
magnetic fields, explain the operation of  
these transformers

F3.9	 describe and explain safety precautions (e.g., 
“call before you dig”, current-limiting outlets in 
bathrooms) related to electrical circuits and higher 
transmission voltages (e.g., with reference to 
transformer substations, buried cables, over-
head power lines)
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Physics, Grade 12
University Preparation	  SPH4U

This course enables students to deepen their understanding of physics concepts and 
theories. Students will continue their exploration of energy transformations and the forces 
that affect motion, and will investigate electrical, gravitational, and magnetic fields and 
electromagnetic radiation. Students will also explore the wave nature of light, quantum 
mechanics, and special relativity. They will further develop their scientific investigation 
skills, learning, for example, how to analyse, qualitatively and quantitatively, data related 
to a variety of physics concepts and principles. Students will also consider the impact of 
technological applications of physics on society and the environment.

Prerequisite: Physics, Grade 11, University Preparation

Big Ideas
Dynamics

Forces affect motion in predictable and quantifiable ways.
Forces acting on an object will determine the motion of that object.
Many technologies that utilize the principles of dynamics have societal and 
environmental implications.

Energy and Momentum
Energy and momentum are conserved in all interactions.
Interactions involving the laws of conservation of energy and conservation of momentum 
can be analysed mathematically.
Technological applications that involve energy and momentum can affect society and 
the environment in positive and negative ways.

Gravitational, Electric, and Magnetic Fields
Gravitational, electric, and magnetic forces act on matter from a distance.
Gravitational, electric, and magnetic fields share many similar properties.
The behaviour of matter in gravitational, electric, and magnetic fields can be 
described mathematically.
Technological systems that involve gravitational, electric, and magnetic fields can have 
an effect on society and the environment.

The Wave Nature of Light
Light has properties that are similar to the properties of mechanical waves.
The behaviour of light as a wave can be described mathematically.
Technologies that use the principles of the wave nature of light can have societal and 
environmental implications.

Revolutions in Modern Physics: Quantum Mechanics and Special Relativity
Light can show particle-like and wave-like behaviour, and particles can show wave-
like behaviour.
The behaviour of light as a particle and the behaviour of particles as waves can be 
described mathematically.

•
•
•

•
•

•

•
•
•

•

•
•
•

•

•
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Time is relative to a person’s frame of reference.
The effects of relativistic motion can be described mathematically.
New theories can change scientific thought and lead to the development of  
new technologies.

Fundamental Concepts Covered in This Course (see also page 5)

Fundamental Concepts Dynamics Energy and 
Momentum

Gravitational, 
Electric, and 
Magnetic 
Fields

The Wave 
Nature  
of Light

Revolutions in 
Modern Physics: 
Quantum 
Mechanics and 
Special Relativity

Matter ¸ ¸ ¸ ¸ ¸

Energy ¸ ¸ ¸ ¸ ¸

Systems and Interactions ¸ ¸ ¸

Structure and Function ¸ ¸ ¸ ¸

Sustainability and 
Stewardship ¸ ¸

Change and Continuity ¸ ¸

•
•
•
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A1.	 Scientific Investigation Skills

Throughout this course, students will:

Initiating and Planning [IP]*
A1.1	 formulate relevant scientific questions about 

observed relationships, ideas, problems, or 
issues, make informed predictions, and/or  
formulate educated hypotheses to focus inquiries 
or research

A1.2	select appropriate instruments (e.g., pendu-
lums, springs, ripple tanks, lasers) and materials 
(e.g., sliding blocks, inclined planes), and identify 
appropriate methods, techniques, and procedures, 
for each inquiry

A1.3	 identify and locate a variety of print and 
electronic sources that enable them to address 
research topics fully and appropriately

A1.4	apply knowledge and understanding of safe 
laboratory practices and procedures when  
planning investigations by correctly interpreting 
Workplace Hazardous Materials Information 
System (WHMIS) symbols; by using appropriate 
techniques for handling and storing laboratory 
equipment and materials and disposing of 
laboratory materials; and by using appropriate 
personal protection

Performing and Recording [PR]*
A1.5	conduct inquiries, controlling relevant vari-

ables, adapting or extending procedures as 
required, and using appropriate materials and 
equipment safely, accurately, and effectively, to 
collect observations and data

A1.6	compile accurate data from laboratory and 
other sources, and organize and record the 
data, using appropriate formats, including 
tables, flow charts, graphs, and/or diagrams

A1.7	select, organize, and record relevant infor-
mation on research topics from a variety of 
appropriate sources, including electronic, print, 
and/or human sources, using suitable formats 
and an accepted form of academic documentation

Analysing and Interpreting [AI]*
A1.8	synthesize, analyse, interpret, and evaluate 

qualitative and quantitative data; solve problems 
involving quantitative data; determine whether 
the evidence supports or refutes the initial pre-
diction or hypothesis and whether it is consistent 
with scientific theory; identify sources of bias 
and/or error; and suggest improvements to 
the inquiry to reduce the likelihood of error

A1.9	analyse the information gathered from  
research sources for logic, accuracy, reliability, 
adequacy, and bias

A. �Scientific Investigation Skills 
and Career Exploration

Overall Expectations
Throughout this course, students will:

A1.	 demonstrate scientific investigation skills (related to both inquiry and research) in the four areas  
of skills (initiating and planning, performing and recording, analysing and interpreting,  
and communicating);

A2.	 identify and describe careers related to the fields of science under study, and describe the 
contributions of scientists, including Canadians, to those fields.

Specific Expectations

* �The abbreviation(s) for the broad area(s) of investigation skills – IP, PR, AI, and/or C – are provided in square brackets at the end of 
the expectations in strands B–F to which the particular area(s) relate (see pp. 20–22 for information on scientific investigation skills).
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A1.10  draw conclusions based on inquiry results 
and research findings, and justify their conclu-
sions with reference to scientific knowledge

Communicating [C]*
A1.11  communicate ideas, plans, procedures, 

results, and conclusions orally, in writing,  
and/or in electronic presentations, using  
appropriate language and a variety of formats 
(e.g., data tables, laboratory reports, presenta-
tions, debates, simulations, models)

A1.12  use appropriate numeric (e.g., SI and  
imperial units), symbolic, and graphic modes  
of representation (e.g., vector diagrams, free-
body diagrams, vector components, and 
algebraic equations)

A1.13  express the results of any calculations  
involving data accurately and precisely, to the 
appropriate number of decimal places or  
significant figures

A2.	 Career Exploration

Throughout this course, students will:

A2.1	 identify and describe a variety of careers  
related to the fields of science under study (e.g., 
laser optics researcher, geoscientist, photonics 
researcher, aerospace engineer) and the education 
and training necessary for these careers

A2.2	describe the contributions of scientists,  
including Canadians (e.g., Elizabeth MacGill, 
Pierre Coulombe, Allan Carswell, Gerhard 
Herzberg), to the fields under study

Scientific
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B1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

B1.1	 analyse a technological device that applies 
the principles of linear or circular motion  
(e.g., a slingshot, a rocket launcher, a race car,  
a trebuchet) [AI, C]

Sample questions: What aspects of the princi-
ples of motion are applied in archery? How 
does the equipment used by competitive skiers 
reduce friction and resistance? How does a 
“pop bottle” rocket use the principles of  
motion? How does the spin cycle of a washing 
machine use circular motion to remove water 
from clothes?

B1.2	 assess the impact on society and the environ-
ment of technological devices that use linear  
or circular motion (e.g., projectile weapons, 
centrifuges, elevators) [AI, C]

Sample issue: Satellites, which use principles of 
circular motion to revolve around Earth, support 
communications technologies and are used 
by governments to gather intelligence. They 
also provide information on the movement of 
animal populations and forest fires, and on 
changes in weather systems or the atmosphere. 
But satellites use huge amounts of fuel, and old 
satellites often become space junk.
Sample questions: How are large-scale centrifu-
ges used in wastewater treatment? How do 
windmills use the principles of dynamics to 
generate power? What is the environmental  
impact of wind power and wind farms? How 
are linear actuators used to make the workplace 
more ergonomic, reducing work days lost to 
strain and injury?

B2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

B2.1	 use appropriate terminology related to  
dynamics, including, but not limited to: inertial 
and non-inertial frames of reference, components,  
centripetal, period, frequency, static friction, and 
kinetic friction [C]

B2.2	 solve problems related to motion, including 
projectile and relative motion, by adding and 
subtracting two-dimensional vector quantities, 
using vector diagrams, vector components, and 
algebraic methods [PR, AI, C]

B2.3	 analyse, in qualitative and quantitative 
terms, the relationships between the force of 
gravity, normal force, applied force, force of 
friction, coefficient of static friction, and coeffi-
cient of kinetic friction, and solve related 
two-dimensional problems using free-body  
diagrams, vector components, and algebraic 
equations (e.g., calculate the acceleration of a 
block sliding along an inclined plane or the 
force acting on a vehicle navigating a curve) 
[AI, C]

B2.4	 predict, in qualitative and quantitative 
terms, the forces acting on systems of objects 
(e.g., masses in a vertical pulley system  
[a “dumb waiter”], a block sliding off an accel-
erating vehicle, masses in an inclined-plane 
pulley system), and plan and conduct an  
inquiry to test their predictions [IP, PR, AI]

B2.5	 analyse, in qualitative and quantitative 
terms, the relationships between the motion of 
a system and the forces involved (e.g., a block 
sliding on an inclined plane, acceleration of a 

B. �Dynamics

Overall Expectations
By the end of this course, students will:

B1.	 analyse technological devices that apply the principles of the dynamics of motion, and assess the 
technologies’ social and environmental impact;

B2. 	 investigate, in qualitative and quantitative terms, forces involved in uniform circular motion and 
motion in a plane, and solve related problems;

B3. 	 demonstrate an understanding of the forces involved in uniform circular motion and motion in a plane.

Specific Expectations
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A1.	 Scientific Investigation Skills

Throughout this course, students will:

Initiating and Planning [IP]*
A1.1	 formulate relevant scientific questions about 

observed relationships, ideas, problems, or 
issues, make informed predictions, and/or for-
mulate educated hypotheses to focus inquiries 
or research

A1.2	 select appropriate instruments (e.g., a decibel 
meter, spot plates, glassware, thermometers) and 
materials (e.g., a heat lamp, agar plates, circuit 
boards), and identify appropriate methods, 
techniques, and procedures, for each inquiry

A1.3	 identify and locate a variety of print and 
electronic sources that enable them to address 
research topics fully and appropriately

A1.4	apply knowledge and understanding of safe 
laboratory practices and procedures when plan-
ning investigations by correctly interpreting 
Workplace Hazardous Materials Information 
System (WHMIS) symbols; by using appropri-
ate techniques for handling and storing 
laboratory equipment and materials and dis-
posing of laboratory materials; and by using 
appropriate personal protection

Performing and Recording [PR]*
A1.5	conduct inquiries, controlling relevant vari-

ables, adapting or extending procedures as 
required, and using appropriate materials and 
equipment safely, accurately, and effectively, to 
collect observations and data

A1.6	compile accurate data from laboratory and 
other sources, and organize and record the 
data, using appropriate formats, including 
tables, flow charts, graphs, and/or diagrams

A1.7	select, organize, and record relevant infor-
mation on research topics from a variety of 
appropriate sources, including electronic, print, 
and/or human sources, using suitable formats 
and an accepted form of academic documentation

Analysing and Interpreting [AI]*
A1.8	synthesize, analyse, interpret, and evaluate 

qualitative and/or quantitative data to deter-
mine whether the evidence supports or refutes 
the initial prediction or hypothesis and whether 
it is consistent with scientific theory; identify 
sources of bias and/or error; and suggest  
improvements to the inquiry to reduce the  
likelihood of error

A1.9	analyse the information gathered from re-
search sources for logic, accuracy, reliability, 
adequacy, and bias

A. �Scientific Investigation Skills 
and Career Exploration

Overall Expectations
Throughout this course, students will:

A1.	 demonstrate scientific investigation skills (related to both inquiry and research) in the four areas  
of skills (initiating and planning, performing and recording, analysing and interpreting,  
and communicating);

A2.	 identify and describe careers related to the fields of science under study, and describe the 
contributions of scientists, including Canadians, to those fields.

Specific Expectations

* �The abbreviation(s) for the broad area(s) of investigation skills – IP, PR, AI, and/or C – are provided in square brackets at the end of 
the expectations in strands B–F to which the particular area(s) relate (see pp. 20–22 for information on scientific investigation skills).
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A1.10  draw conclusions based on inquiry results 
and research findings, and justify their conclu-
sions with reference to scientific knowledge

Communicating [C]*
A1.11  communicate ideas, plans, procedures, re-

sults, and conclusions orally, in writing, and/or 
in electronic presentations, using appropriate 
language and a variety of formats (e.g., data 
tables, laboratory reports, presentations, de-
bates, simulations, models)

A1.12  use appropriate numeric, symbolic, and 
graphic modes of representation, and appropriate 
units of measurement (e.g., SI and imperial units)

A1.13  express the results of any calculations in-
volving data accurately and precisely, to the 
appropriate number of decimal places or sig-
nificant figures

A2.	 Career Exploration

Throughout this course, students will:

A2.1  identify and describe a variety of careers re-
lated to the fields of science under study (e.g., 
chemical technician, baker, blood laboratory as-
sistant, custodian, public works employee, 
cosmetologist) and the education and training 
necessary for these careers

A2.2  describe the contributions of scientists, in-
cluding Canadians (e.g., Lorne Trottier, David 
Butler-Jones, Francine Décary, Robert G.E. 
Murray, Susan Barr), to the fields under study
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B1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

B1.1	 assess a workplace setting, either real or 
simulated, with respect to hazards that could 
affect workers or the environment, using ap-
propriate criteria (e.g., a checklist for a health 
and safety audit) [AI, C]

Sample issue: An employee has been asked to 
clean out the oil fryer at the restaurant where 
he works. He knows from his training that the 
fryer must cool down first, but the manager is 
rushing the clean-up crew to avoid having to 
pay them overtime.
Sample questions: What hazardous substances 
are used in the workplace being assessed? Are 
warnings posted as to the dangers they pose? 
How are the substances handled, stored, and 
disposed of? Are these practices safe? How 
might they be improved?

B1.2	 analyse and summarize the requirements of 
selected sections of workplace safety and/or en-
vironmental protection legislation related to a 
career of personal interest (e.g., regulations ap-
plying to mining in the Occupational Health 
and Safety Act; regulations applying to waste 
management in the Ontario Environmental 
Protection Act) [AI, C]

Sample issue: Section 91.1 of the Ontario 
Environmental Protection Act requires employ-
ers to prevent or reduce the risk of spills of 

pollutants and, if such a spill does occur, to pro-
vide the appropriate equipment, personnel, and 
material to clean it up. This section covers a 
range of workplaces where spills of environ-
mental contaminants may occur.
Sample questions: What types of jobs are affected 
by regulations under the Ontario Environmental 
Protection Act? What types of workers are covered 
by the Canada Labour Code? What changes did 
Bill C-45 make to the Canadian Criminal Code? 
Why? What is the purpose of the Ontario Needle 
Safety Regulation under the Occupational Health 
and Safety Act? What measures are in place in 
Ontario to protect workers from violence and 
harassment on the job?

B2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

B2.1	 use appropriate terminology related to haz-
ards in the workplace, including, but not limited 
to: occupational exposure limits (OEL), designated 
substance regulation (DSR), personal protective 
equipment (PPE), route of entry, controlled product, 
infectious material, inhalation, absorption, ingestion, 
injection, and exposure values [C]

B2.2	 plan and conduct an inquiry to determine 
what factors affect rates of chemical reactions 
(e.g., the concentration of an acid affects its rate 
of reaction with metals) [IP, PR, AI]

B. �Hazards in the Workplace*

Overall Expectations
By the end of this course, students will:

B1.	 assess common workplace settings with respect to hazards, and analyse selected legislation that is  
in place to protect workers and the environment from these hazards;

B2.	 investigate the nature of workplace hazards and various ways in which workers can protect 
themselves from these hazards;

B3.	 demonstrate an understanding of common biological, chemical, and physical workplace hazards.

Specific Expectations

* �Activities related to the achievement of expectations that refer to “the workplace” and/or that involve hazardous materials 
may be simulated in the classroom. It is the teacher’s responsibility to ensure students’ safety.
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B2.3	 investigate the effectiveness of methods used 
to reduce the impact of noise in the workplace 
(e.g., use a decibel meter to measure noise level 
before and after the installation of sound insu-
lation; measure the effectiveness of earplugs at 
different sound levels) [PR]

B2.4	 investigate the effects of workers’ exposure 
to heat or cold (e.g., the effects of industrial 
heat sources such as molten materials on work-
ers in foundries and factories; the effects of 
seasonal heat and cold, including exposure to 
solar radiation, on outdoor workers in con-
struction, landscaping, agriculture, or hydro 
line repair; the effects of cold on workers in re-
frigerated warehouses) [PR]

B2.5	 use a research process to investigate procedures 
for the safe handling of biohazardous and/or 
infectious materials in the workplace, and com-
municate their findings (e.g., create a webpage 
on the universal precautions for handling bio-
logical hazards; create a poster illustrating the 
steps for proper hand washing) [IP, PR, C]

B3. Understanding Basic Concepts

By the end of this course, students will:

B3.1	 describe the ways in which hazardous materials 
enter the body (i.e., ingestion, inhalation, absorp-
tion, and injection), and explain the importance of 
using personal protective equipment (e.g., gloves, 
appropriate eye wear, aprons, self-contained 
breathing apparatus) to avoid contamination

B3.2	 identify common physical hazards in the 
workplace (e.g., hazards posed by noise; cut-
ting tools; electrical power lines; extreme heat 
and cold), and describe potentially harmful 
situations and practices (e.g., work at heights 
on unstable equipment) as well as best safety 
practices (e.g., properly securing ladders and 
scaffolding) relating to these hazards

B3.3	 identify common biological hazards in the 
workplace (e.g., bacteria, viruses, fungi), and 
describe potentially harmful situations and 
practices (e.g., improper disposal of syringes) 
as well as best safety practices (e.g., use of PPE 
such as gloves and masks) relating to these 
hazards

B3.4	 identify common chemical hazards in the 
workplace (e.g., oxidizers, acid and base solu-
tions), and describe potentially harmful 
situations and practices (e.g., inadequate vent-
ing of fine dust particles in flour mills) as well 
as best safety practices (e.g., wearing goggles 
and a self-contained breathing apparatus when 
working near substances that can irritate the 
eyes or lungs) relating to these hazards

B3.5	 describe ways in which workers can address 
safety issues in the workplace (e.g., by report-
ing an unsafe condition to a supervisor; by 
refusing unsafe work)

B3.6	 explain qualitatively how factors such as 
temperature, concentration, and the size of the 
opening of a container affect storage and dis-
posal of chemicals in the workplace
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C1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

C1.1	 analyse, on the basis of research, a chemical 
product used in a particular profession or in the 
home (e.g., pool chemicals, chlorine bleach, hair 
dye), and prepare guidelines for safe and re-
sponsible use of the product [IP, PR, AI, C]

Sample issue: Bathroom cleaners need to be 
strong enough to kill germs and remove stains, 
but such requirements often mean that these 
products contain chemicals that can burn the 
skin and the irritate the eyes. What do people 
need to know about the precautions that should 
be taken when using such products?
Sample questions: What chemicals are in hair 
dye? How should hair stylists protect them-
selves and their clients from the harmful effects 
of these chemicals? What precautions must be 
taken when using solvents or bleaches? Why?

C1.2	 assess the environmental consequences of 
improper disposal of chemical products com-
monly used in the home (e.g., pouring paint 
down the drain; dumping batteries in garbage 
destined for landfill sites) [AI, C]

Sample issue: Some batteries contain lithium or 
cadmium, which are toxic heavy metals. If such 
batteries are tossed into the regular garbage, 

these metals can leach into the soil or run off into 
water systems. Batteries can also overheat and 
cause a fire or other kind of chemical reaction.
Sample questions: What happens when pharma-
ceuticals are poured down the drain? Why should 
containers of flammable substances such as 
turpentine or corrosive substances such as drain 
cleaner not be thrown in the regular garbage?

C1.3	 evaluate the appropriateness of current dis-
posal practices in their home, at school, or in 
the community, with particular reference to the 
disposal of chemical waste [AI, C]

Sample issue: Many commonly used chemicals 
can damage the environment if they are not 
properly disposed of. Some chemicals are com-
bustible, produce toxic vapours, or are 
corrosive. Some otherwise safe chemicals can 
become toxic if combined with another chem-
ical. Safe disposal methods must take the 
properties of each chemical into account.
Sample questions: What is the proper method 
for disposing of solvent-soaked rags? What 
sorts of items are considered to be household 
hazardous waste (HHW)? Are there HHW 
depots in your community? What happens to 
the waste once it arrives at such a depot?

C. �Chemicals in Consumer 
Products

Overall Expectations
By the end of this course, students will:

C1.	 analyse chemical products used in the home and workplace, and issues related to their safe and 
environmentally responsible use and disposal;

C2.	 investigate chemical properties of, and chemical reactions used to produce, various consumer products;

C3.	 demonstrate an understanding of chemical reactions, and of properties of chemicals used in 
common household and workplace products.

Specific Expectations
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C2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

C2.1	 use appropriate terminology relating to chem-
ical reactions and chemical products, including, 
but not limited to: synthesis, decomposition, neu-
tralization, polymerization, combustion, single and 
double displacement, pH, solvent, organic, inorganic, 
and dilution [C]

C2.2	 use an inquiry process to determine how 
various conditions affect a chemical reaction, by 
altering the conditions under which a reaction 
occurs (e.g., temperature, length of time, amount 
of reactants, pH of a solution), observing the  
effects of the alterations, and comparing the 
outcome and final product of each reaction  
(e.g., make borax slime, then alter the propor-
tion of the ingredients and measure the impact 
on properties of the product) [IP, PR, AI]

C2.3	 prepare dilutions using concentrated solu-
tions, and observe or measure the changes in 
properties (e.g., pH, colour, viscosity, density) 
[PR]

C2.4	 safely conduct a chemical reaction in order 
to produce a common household or consumer 
product (e.g., taffy, shampoo, toothpaste, nylon, 
lip balm) [PR]

C2.5	 classify various household products on the 
pH scale, using pH paper, indicator solutions, 
and/or a pH meter [PR, AI]

C2.6	 investigate a variety of consumer products 
within a given category (e.g., shampoo, window 
cleaner, disinfectant), focusing on products 
claiming to be environmentally friendly, and 
analyse them with respect to selected factors  
(e.g., cost, effectiveness, impact on the environ-
ment) [PR, AI, C]

C3. Understanding Basic Concepts

By the end of this course, students will:

C3.1	 describe the types of chemical reactions (e.g., 
synthesis, single displacement, double displace-
ment, decomposition, combustion, polymeriza- 
tion, neutralization) and the signs of chemical 
change in each

C3.2	 explain, in qualitative terms, why some 
chemical substances mix and others do not  
(e.g., ethanol and vinegar are both polar and 
therefore miscible)

C3.3	 explain the function of the pH scale and how 
pH test results are interpreted

C3.4	 identify organic and inorganic compounds 
commonly used in the home and workplace 
(organic: fats, oils, fuels, common solvents;  
inorganic: acids and bases, mineral solvents, ammo-
nia, baking soda), and compare their properties
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D1.	Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

D1.1	evaluate the effectiveness of a public policy 
measure or technological advance intended to 
control the spread of disease (e.g., mandatory 
immunization, screening for tuberculosis, quar-
antine) [AI, C]

Sample issue: The federal government estab-
lished the Canadian Food Inspection Agency to 
ensure that the food eaten by Canadians is safe. 
Despite its regulations, food-borne illnesses 
such as salmonella, listeriosis, and mad cow 
disease continue to occur.
Sample questions: How effective are flu shots in 
reducing the incidence and severity of influenza, 
particularly among vulnerable populations like 
the elderly? What are some of the groups or  
organizations that track and inform the public of 
health risks? What tools and strategies do they 
use? How effective have they been in protecting 
human health?

D1.2	evaluate the impact, current and/or poten-
tial, of an individual’s choice not to participate 
in a public health strategy intended to reduce 
the spread of disease (e.g., a hospital worker 
who does not follow recommendations regard-
ing hand washing; a worker in a retirement 
home who does not get a flu shot) [AI, C]

Sample issue: Some parents are deciding not to 
immunize their children. Unvaccinated children 
can contract serious diseases such as polio and 
diphtheria and spread them to other unvaccin-
ated children. The resurgence of such diseases 
would place a heavy burden on the health  
care system.
Sample questions: Why have signs showing 
proper hand-washing techniques been posted 
in many public restrooms? What can happen if 
someone in the food service industry ignores these 
signs? What can happen if a person infected with 
HIV refuses to use condoms?

D1.3	analyse, on the basis of research, the advan-
tages and disadvantages of selected technologies 
used to try to control disease (e.g., the effective-
ness of pharmaceuticals at combating disease; the 
side effects of a variety of drugs) [IP, PR, AI, C]

Sample issue: After World War II, DDT was 
widely used to kill insects that carried malaria. 
After researchers found that the pesticide caused 
abnormalities in some animals and cancer in 
humans, it was banned in many countries. 
However, in some countries with a high incidence 
of malaria, limited use of DDT continues.
Sample questions: What are the advantages 
and disadvantages of using insecticidal nets  
to try to control the spread of malaria? Why  
is the irradiation of food to eliminate food-
borne bacteria controversial?

D. �Disease and Its Prevention

Overall Expectations
By the end of this course, students will:

D1.	 evaluate the impact of public policy initiatives and technological advances intended to control the 
spread of disease, taking into consideration the failure of some people to follow public health 
regulations or recommendations;

D2.	 investigate the characteristics, growth, and spread of bacteria, and the effects of aseptic techniques 
and antibiotics;

D3.	 demonstrate an understanding of the causes, symptoms, and modes of transmission of various 
diseases, and of strategies to prevent the spread of disease.

Specific Expectations
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D2.	Developing Skills of Investigation 
and Communication

By the end of this course, students will:

D2.1	use appropriate terminology related to the 
prevention of disease, including, but not limited 
to: communicable, non-communicable, microorgan-
ism, pathogen, disease, epidemiology, vector, 
immunization record, quarantine, pandemic,  
vaccine, antiseptic, sterilization, disinfection,  
and pasteurization [C]

D2.2	conduct an investigation, using safe practices 
and aseptic techniques, to compare the charac-
teristics and growth of different types of 
non-pathogenic bacteria [PR, AI]

D2.3	investigate the effects of various drug  
therapies (e.g., different antibiotic discs) on the 
growth of bacteria [PR, AI]

D2.4	use a simulation (e.g., phenolphthalein and 
sodium hydroxide; a computer simulation) to 
demonstrate how diseases can spread through 
a community, and analyse the results [PR, AI]

D3. Understanding Basic Concepts

By the end of this course, students will:

D3.1	describe modes of transmission of some 
communicable diseases, including those that 
are insect-borne (e.g., malaria, encephalitis),  

	 airborne (e.g., influenza, tuberculosis), water-
borne (e.g., cholera, poliomyelitis), sexually 
transmitted (e.g., HIV/AIDS), and food-borne 
(e.g., mad cow disease, trichinosis, salmonella)

D3.2	identify the causes and symptoms of various 
diseases (e.g., AIDS, influenza, salmonella, West 
Nile virus), and describe measures intended to 
prevent their spread

D3.3	describe the reasons for immunization 
against specific diseases, the function of records 
of immunization in Ontario, and the importance 
of maintaining a personal immunization schedule

D3.4	describe the use of vaccines, antibiotics,  
antiseptics, and other medical measures, both 
conventional and alternative, intended to  
control disease

D3.5	explain the differences between bacteria and 
viruses in terms of their size, structure, and  
reproduction, and the methods used to control 
their spread

D3.6	explain the importance of the proper use, 
storage, and disposal of medications (e.g., the 
importance of taking the full course of antibiot-
ics, following directions, keeping medications 
away from children, monitoring side effects,  
returning expired medication to a pharmacy  
for disposal)
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E. �Electricity at Home and Work

Overall Expectations
By the end of this course, students will:

E1.	 assess electrical hazards in the home and workplace, and the social and environmental impact of 
electrical technologies;

E2.	 investigate common electrical devices, including their energy transformations and consumption;

E3.	 demonstrate an understanding of electrical circuits, common electrical devices, and safety 
procedures related to electric systems.

Specific Expectations

E1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

E1.1	 assess the social and environmental impact 
of electrical technologies, including the impact 
associated with the manufacture and disposal 
of electronic devices (e.g., the impact of electric-
al devices used in the health care field, such as 
pacemakers or respirators; the impact of energy 
generation needed to power electrical devices 
and appliances) [AI, C]
Sample issue: Electronics play an important 
part in our everyday lives. However, disposal of 
used electronic equipment is a huge problem. 
Globally, we generate 30 to 50 million tonnes of 
electronic waste each year. Much of this waste is 
shipped to developing countries, where it is in-
cinerated or dumped in landfill sites, practices 
that release toxic chemicals into the air or soil.
Sample questions: How often do you replace  
an electronic device because something newer, 
faster, or more powerful has been developed? 
What do you do with the older devices? What 
impact have computers had on society?

E1.2	 assess electrical hazards that can be found at 
home and in the workplace (e.g., electrical outlets 
close to areas where spills might occur; over-
loaded circuits), and propose practical courses 
of action to address the problems [AI, C]
Sample issue: Portable electric tools are conven-
ient and efficient. However, if used improperly 
or if basic electrical safety precautions, such as 
proper grounding, are ignored, such tools can 
constitute a safety hazard.

Sample questions: What factors are important 
to consider when wiring a circuit in an area near 
water? What are the dangers of using electric 
hair dryers or razors near a sink full of water? 
What factors should be investigated when pur-
chasing a home to ensure it meets the current 
electrical safety standards?

E2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

E2.1	 use appropriate terminology related to electri-
city, including, but not limited to: energy, power, 
kilowatt-hour, potential difference, current, conductor, 
short circuit, circuit breaker, fuse, and resistance [C]

E2.2	 draw energy flow diagrams and/or write  
energy transformation equations that illustrate 
the energy transformation occurring in household 
devices, including the production of waste energy 
(e.g., energy transformations in a digital music 
player: electrical energy ➞ kinetic energy + sound 
energy + light + waste heat energy) [C]

E2.3	  build a simple electrical device or circuit (e.g., 
a loudspeaker, an electric motor, a D-cell, a circuit 
containing a 40W lightbulb and a dimmer switch), 
following a clear set of instructions and diagrams, 
and using appropriate tools safely [PR]

E2.4	 calculate the electrical energy consumption of 
two similar appliances (e.g., an old and a new 
refrigerator), using the power ratings that appear 
on the appliance, and compare the financial and 
environmental costs (e.g., carbon dioxide emis-
sions) of running the two appliances [AI]
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E2.5	 analyse changes in household energy consump-
tion over a given time period (e.g., throughout the 
course of a day; between a week in January and a 
week in May), and give reasons for the changes 
[AI, C]

E3. Understanding Basic Concepts

By the end of this course, students will:

E3.1	 describe basic electric circuit components, in-
cluding those that regulate the flow of electricity 
or are used as safety mechanisms (e.g., switches, 
bimetallic strips, resistors, ground fault inter-
rupters [GFIs], surge protectors), and explain 
their layout in an electric circuit

E3.2	 describe forms of energy (e.g., electrical, 
mechanical, sound, light, thermal) and the 
energy transformations that occur in common 
electrical devices, including production of 
waste energy (e.g., heat)

E3.3	 identify situations in which direct current 
(DC) and alternating current (AC) are used 
(e.g., DC is used in a portable appliance such 
as a flashlight; AC is used in a household  
appliance such as a kettle)

E3.4	 explain the difference in voltage requirements, 
and identify some household appliances that  
require 110 V AC (e.g., microwave oven, blender) 
and some that require 220 V AC to operate (e.g., 
conventional oven, clothes dryer)

E3.5	 describe safety procedures to be followed 
when using electric systems at home or at work 
(e.g., ensuring that tools and appliances are 
properly grounded; unplugging appliances by 
pulling the plug, not the cord), and explain 
how dangerous situations can occur (e.g., an 
overloaded circuit can overheat and cause a 
fire; digging through buried electrical cable 
can cause a severe shock)

Electricit



y

 at
 H

ome


 and



 W

ork






250

G
ra

d
e

 1
2

, W
o

rk
p

la
ce

 P
re

p
a

ra
ti

o
n

T
H

E 
O

N
TA

R
IO

 C
U

R
R

IC
U

LU
M

, G
R

A
D

ES
 1

1
 A

N
D

 1
2

  |
  S

ci
en

ce

F. �Nutritional Science

Overall Expectations
By the end of this course, students will:

F1.	 assess the environmental implications of a variety of food choices, and evaluate and propose ways 
to improve the nutritional content of a menu;

F2.	 investigate nutrients and non-nutrient additives in a variety of foods;

F3.	 demonstrate an understanding of food components and their effects on the human body.

Specific Expectations

F1.	 Relating Science to Technology, 
Society, and the Environment

By the end of this course, students will:

F1.1	 assess the environmental implications of food 
choices available in a variety of situations (e.g., 
in the school cafeteria, a fast-food restaurant, a 
supermarket, a local farmers’ market, an organic 
meat shop), and propose ways to minimize the 
environmental impact of their food choices [AI, C]
Sample issue: Supermarkets commonly sell  
imported produce, distributed through large 
warehouses, even when the same types of food 
are in season locally and are available from  
local farmers. Importing foods generates 
greater carbon emissions but may be seen as 
more efficient if local farmers lack a reliable 
distribution system.
Sample questions: What is the environmental 
impact of organic farming compared to tradition-
al farming methods? What are the advantages 
and disadvantages of buying certified organic 
foods from a local farmer? What are the environ-
mental costs of purchasing a pizza? Why is the 
environmental footprint associated with consum-
ing a hamburger different from that associated 
with eating a veggie burger?

F1.2	 evaluate the nutritional content of a menu 
(e.g., from the school cafeteria, a fast-food  
restaurant, a coffee shop, a retirement home,  
a hospital), and propose ways to improve it, 
using information from Eating Well with 
Canada’s Food Guide or Eating Well with Canada’s 
Food Guide: First Nations, Inuit, and Métis [AI, C]

Sample issue: The menus in fast-food restaurants 
tend to be high in fat, sodium, and sugar. How-
ever, there are many options such restaurants 
might consider, such as using whole grain buns, 
limiting the amount of salt added to burgers and 
fries, and providing additional menu choices 
that include fruits and vegetables.
Sample questions: Is a salad always a healthy 
choice at a restaurant? Why or why not? What is 
the nutritional difference between a serving of 
French fries and a baked potato served with the 
skin on? What is the nutritional difference be-
tween white bread and whole grain bread? What 
foods are high in protein? How many daily serv-
ings of fruits and vegetables are recommended 
by Canada’s Food Guide? Why?

F2.	 Developing Skills of Investigation 
and Communication

By the end of this course, students will:

F2.1	 use appropriate vocabulary related to nutri-
tional science, including, but not limited to: 
nutrient, lipid, carbohydrate, protein, vitamin, 
mineral, qualitative test, serving size, food additive, 
trans fat, cholesterol, kilojoule, calorie, saturated, 
unsaturated, hydrogenated, essential amino acid, 
and preservative [C]

F2.2	 conduct an investigation to compare com-
mercial food products and home-made foods 
(e.g., commercial and home-made cookies or 
cake; a shake from a fast-food restaurant and a 
home-made milk shake; commercial orange 
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	 drink and freshly squeezed orange juice), with 
reference to qualitative and quantitative differ-
ences such as the number of ingredients, types 
of nutrients, non-nutrient additives, texture, 
and colour [PR, AI]

F2.3	 conduct an investigation to test for the pres-
ence of various nutrients in foods (e.g., use 
iodine to test for starch; use Benedict’s solution 
to test for simple sugar) [PR]

F2.4	 plan and conduct an investigation into the 
effectiveness of food preservatives (e.g., use 
lemon juice to reduce oxidation of apple slices; 
compare mould growth on commercial and 
home‑made bread) [IP, PR]

F2.5	 modify a recipe or menu to meet a dietary 
restriction (e.g., reduce the cholesterol content 
by replacing whole eggs with egg whites; re-
duce the sodium content by cutting salt; replace 
milk with soy milk; replace meat with tofu or 
legumes), and explain the reasons for the chan-
ges (e.g., sodium can contribute to high blood 
pressure; dairy products can cause digestive 
problems for people who are lactose intolerant; 
non-animal sources of protein are necessary for 
vegans, who do not eat any animal products) 
[PR, C]

F3. Understanding Basic Concepts

By the end of this course, students will:

F3.1	 identify sources of the principal food nutrients 
(e.g., carbohydrates, lipids, proteins, vitamins, 
minerals, fibre), with reference to Canada’s Food 
Guide, and describe the function of these nutrients 
in the body

F3.2	 identify the type of information commonly 
found on a food label, and describe how the infor-
mation is organized (e.g., serving size, percentage 
of daily values, amount of each component)

F3.3	 explain the meaning of a variety of descrip-
tors found on food labels (e.g., “fat free”, “low 
fat”, “lite”, “pure”, “organic”, “lean”, “diet”)

F3.4	 describe the function of non-nutrient food 
additives (e.g., lecithin; monosodium glutamate 
[MSG]; artificial colour, flavour, and sweetener; 
preservatives), and explain their effects on hu-
man health

N
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Glossary

Note: This glossary covers terms from, and provides definitions within the context of, the Environmental 
Science and Science courses only.

absorption. The movement of a fluid or dissolved 
substance across a membrane.

adaptation. The occurrence of genetic changes in 
a population or species as the result of natural 
selection, enabling the population or species to 
adjust to new or altered environmental conditions.

air pollution. Chemicals, particulate matter, or 
biological materials in the atmosphere that harm 
living organisms or damage the environment.

alternative energy source. An energy source 
based on renewable resources (e.g., solar, wind, 
geothermal, tidal, hydroelectric sources).

antiseptic. A substance used to destroy or prevent 
the growth of infectious microorganisms on or 
in a body system.

aquatic environment. A water-based environ-
ment (e.g., pond, lake, river, ocean, underground 
water body).

aseptic technique. A technique used to ensure 
that a procedure is conducted under conditions 
free from pathogenic microorganisms.

bioamplification. Concentration of a persistent 
substance within an organism in the food chain.

biodegradable. A substance that can be broken 
down by microorganisms.

biodiversity. The variety of species (types) of 
organisms at all levels of classification in an eco-
system, and the variety of ecosystems, globally 
or within a specific geographic area.

biofuel. A solid, liquid, or gaseous fuel derived 
from carbon-based renewable resources (e.g., 
plants, organic waste).

biohazard / biological hazard. A biological 
agent or condition that presents a threat to  
living things.

bioremediation. A process that uses biological 
organisms, such as microorganisms, fungi, plants, 
or enzymes, to remove hazardous substances 
from a contaminated environment.

biosolid. The solid portion of sewage that contains 
primarily organic material produced by waste-
water treatment processes and that can be used 
for different applications.

biosphere. The zone on Earth that can sustain 
life, including the lower part of the atmosphere, 
the hydrosphere, soil, and the upper parts of  
the lithosphere.

biotechnology. A technological application that 
uses microorganisms or biological substances to 
perform specific processes, including industrial, 
agricultural, and medical processes.
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British thermal unit (BTU). A unit of measure-
ment for heat. The amount of heat required to 
raise the temperature of one pound of liquid 
water by one degree Fahrenheit (from 60° to 61° F) 
at a constant pressure.

carbon footprint. A way of measuring the im-
pact of human activities on the environment, a 
carbon footprint is the amount of greenhouse 
gases an activity produces, measured in units of 
carbon dioxide.

carbon neutral. Neither contributing to nor  
reducing net carbon emissions.

carrying capacity. The maximum population 
size of a given species that an ecosystem can 
support without reducing its ability to support 
the same species in the future.

chemical hazard. A chemical preparation in any 
form (solid, liquid, or gas) that presents a threat 
to living things.

chlorinated hydrocarbons. Compounds that 
contain chlorine, carbon, and hydrogen and  
are persistent in the environment.

cholesterol. A fat-like substance found in the 
blood and cells of humans and many other 
animals. Although it is essential to the cellular 
functioning of the body, too much cholesterol can 
contribute to the risk of stroke and heart disease.

chronic disease. A disease that is long lasting or 
recurrent (e.g., asthma, high blood pressure).

communicable disease. An infectious disease 
that can be transmitted from one individual to 
another through either direct contact or contact 
with inanimate objects or substances capable of 
carrying infectious organisms.

companion planting. The process of planting 
more than one type of plant in an area in such a 
way that they enhance the growth and quality 
of nearby plants (e.g., by repelling pests, provid-
ing ground cover, improving the soil).

compost. A mixture of decaying organic matter 
used to fertilize and condition the soil.

contaminants. Substances that, when accidentally 
or deliberately introduced into the environment, 
have the potential to harm people, animals, 
and/or plants.

conventional energy sources. Energy sources 
based on non-renewable resources (e.g., fossil 
fuels, nuclear energy).

crop rotation. A method of protecting the soil 
and replenishing its nutrients by planting a suc-
cession of different crops on the same land.

deforestation. The permanent clearance of a for-
est without replanting or natural regeneration.

designated substance regulations (DSR). 
Provincial laws regulating the exposure of  
workers to substances such as biological,  
chemical, and/or physical agents that are  
prohibited or controlled.

disease. Any condition that impairs normal 
functioning of tissues, organs, or body systems.

disinfectant. A chemical agent that destroys 
microorganisms but not bacterial spores.

disturbed environment. An environment that has 
been altered by human activity.

ecosystem. A complex, self-regulating system 
through which energy and materials are trans-
ferred, made up of a group of living organisms 
and their abiotic environment, which interact as 
a unit.

emulsification. The process of dispersing one 
liquid in a second immiscible liquid.

endangered species. An organism that is at risk 
of becoming extinct because it is either few in 
numbers or threatened by changing environ-
mental factors or predation.

EnerGuide. A rating system for home appliances 
based on the cost in energy of operating the 
appliance.

environmental contaminants. Toxic substances 
that, when accidentally or intentionally intro-
duced to the environment, can harm people, 
animals, and/or plants.
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environmental factors. A range of chemical or 
biological substances or climate-related phe-
nomena in the surrounding environment that 
can affect the health of living things.

environmental impact assessments. A formal 
study of the environmental effects that are likely 
to occur as a result of major developments such as 
new legislation or industrial or urban expansion.

environmental scan. A process that provides 
base line information about a program, environ-
ment, or region that is going to be studied.

environmental stress. Pressures on the environ-
ment from external and internal sources such as 
pollution, toxins, and climate.

enzymes. Proteins produced by living cells that 
speed up reactions.

epidemiology. The study of the mass aspects  
of disease.

essential amino acid. Any of the 8 of 20 naturally 
occurring amino acids that are indispensable for 
optimum animal growth but cannot be formed 
by the body and therefore must be supplied in 
the diet.

fact. Something that is true, something that  
actually exists, or something having objective 
reality that can be verified according to an  
established standard of evaluation.

feedback loop. A system with inputs and outputs, 
in which the information from the input is sent 
to the output and back again to the input.

food additives. Substances added to foods during 
processing to improve colour, texture, flavour, 
and/or shelf life.

gene therapy. The process of using normal genes 
to supplement or replace defective genes or to 
bolster normal functions.

genetic engineering. The intentional production of 
new genes and alteration of genomes by the sub-
stitution or introduction of new genetic material.

genetically modified organism (GMO). An  
organism in which genetic material has been  
altered using genetic engineering techniques.

genome. The genetic makeup of a species.

genomics. The study of an organism’s entire 
genome.

greenhouse gas. An atmospheric gas that allows 
solar radiation to pass through the atmosphere 
but absorbs the radiation Earth emits back to 
space, thereby trapping heat and making the 
planet’s surface warmer. These gases include 
carbon dioxide, water vapour, methane, and 
the fluorocarbons.

Hazardous Household Product Symbols (HHPS). 
Symbols that are located on some household 
chemical products to identify the dangers asso-
ciated with the use of or exposure to the product.

hazardous material. A toxic, corrosive, flam-
mable, explosive, or radioactive chemical or 
other material that can endanger human  
health or well-being if handled improperly.

heavy metals. A metal whose specific gravity is 
approximately 5.0 or higher. Heavy metals are 
persistent in the environment and can accumulate 
in plants and animals, causing health problems.

hybridization. The act or process of producing 
hybrids.

hydrogenated. Hydrogenation is a catalytic 
reaction of hydrogen with compounds that 
are usually in an unsaturated form. In the food 
industry, hydrogenation is used to process 
liquid oils into solid or semi-solid fats.

immunization record. A provincial document 
that is required by law for attendance in Ontario 
schools and that indicates the immunizations  
required for Ontario children.

infectious disease. A disease caused by patho-
gens that invade, and subsequently multiply in, 
the body.
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infectious materials. Materials that contain 
pathogens such as bacteria, viruses, fungi, and 
parasites that can harm people or animals.

inference. The act or process of deriving a conclu-
sion based solely on what one knows or observes.

ingestion. The process of taking food or other 
substances into the body through the mouth.

inhalation. The process of breathing in. It is one 
of the modes by which foreign substances can 
enter the body.

inorganic compound. A substance that does not 
contain carbon as its principal element; matter 
that is neither plant nor animal.

inorganic waste. Waste that is composed of 
chemical compounds that do not contain carbon 
as their principal element; waste whose source 
is neither plant nor animal.

Integrated Pest Management. An ecological  
approach that uses an array of complementary 
methods to control pests. These methods may 
include mechanical and physical devices; genetic, 
biological, and chemical management; and  
cultural practices.

invasive species. Non-indigenous species that 
have adverse environmental, ecological, or 
economic effects on the habitats they invade.

joule (j). A unit of energy or work, a joule repre-
sents the work done by a force of one newton 
applied through a displacement of one metre in 
the direction of a force.

kilojoule (kJ). A unit of energy or work equal to 
1000 joules.

kilowatt. A unit of power equal to 1000 watts.

kilowatt-hour (kWh). A unit of energy or  
work equal to that expended by one kilowatt 
in one hour.

life-cycle assessments. A process for evaluating 
the inputs and outputs of materials and energy 
at each stage in the life cycle of a product, from 
raw materials to final disposal.

macromolecule. A large molecule (e.g., a 
carbohydrate).

Material Safety Data Sheet (MSDS). A  
workplace-related document that contains infor-
mation on the safe use, storage, and handling  
of chemical products as well as the potential 
hazards and emergency measures associated 
with these products.

Möbius loop (waste management). The symbol 
used to indicate that an object can be recycled or 
is made of recycled materials.

mutation. An abrupt change, either qualitative 
or quantitative, in the genotype of an organism, 
not resulting from recombination.

native species. Those species indigenous to a 
particular area or region that have evolved over 
thousands of years, adapting to their surround-
ings, and have become an important part of the 
local ecosystem.

natural environment. An environment that has 
not been altered by human activity.

naturalization. A process whereby a species  
becomes permanently established after being 
introduced.

neutralization. The process of making a solution 
neutral (pH = 7) by adding a base to an acid 
solution, or adding an acid to an alkaline (basic) 
solution.

non-communicable disease. A disease that is 
not infectious and is caused by something other 
than a pathogen.

non-renewable energy sources. Energy sources 
that cannot be replenished in a short period of 
time (e.g., fossil fuels, nuclear energy).

nutrient. A food or chemical that an organism 
needs to live and grow; a substance used in an 
organism’s metabolism that must be taken in 
from its environment.



G
lossar




y

257

nutritional supplement. A preparation intended 
to supply nutrients, such as vitamins, minerals, 
fatty acids, or amino acids, that are missing from, 
or not in sufficient quantities in, a person’s diet.

occupational exposure limits (OEL). Limits for 
concentrations of hazardous compounds in 
workplace air.

organic compounds. Any member of a large 
class of chemical compounds whose molecules 
contain carbon.

organic products. Foods and other agricultural 
products that come from a farm system that uses 
ecologically sustainable practices based on the 
principles of interdependency, diversity, and 
recycling. Organic farms use natural weed and 
pest control as opposed to chemical pesticides, 
recycle animal and plant residue as opposed to 
using chemical fertilizers, and generally do not 
include genetically modified organisms.

organic waste. Biodegradable waste composed 
of carbon compounds derived from plants  
or animals.

pandemic. An epidemic occurring over a wide-
spread geographic area.

paradigm. The set of theories and practices that 
define a discipline during a particular period  
of time.

parasite. An organism that lives in a close  
relationship with or on another organism (its 
host) and takes nourishment from the organism, 
causing it harm.

pasteurization. The application of heat to  
matter for a specific time to destroy harmful 
microorganisms or other undesirable species.

pathogen. A disease-producing agent, usually a 
living organism.

pathogenesis. The origin and course of develop-
ment of a disease.

personal protective equipment (PPE). 
Equipment worn by a worker to minimize  
exposure to specific occupational hazards.

pesticide. A chemical substance or mixture of 
substances intended to destroy or repel a pest or 
prevent a pest from establishing itself in an area.

polychlorinated biphenyls (PCBs). An organic 
compound that is a member of the group of 
chlorinated isomers of biphenyl. The compound, 
which was commonly used in coolants and  
lubricants, is highly toxic.

polymerization. A chemical reaction that com-
bines many small repeating groups (monomers) 
into a large molecule (polymer).

population. The number of individuals of a spe-
cific species in a specific area at a specific time.

preservative. A chemical added to foodstuffs  
to prevent oxidization, fermentation, or other 
deterioration, usually by inhibiting the growth 
of bacteria.

quarantine. Limitations to freedom of movement 
of susceptible individuals who have been exposed 
to communicable diseases, for a period of time 
equal to the incubation period of the disease.

R-value. An index of the ability of a substance 
or material to retard the flow of heat; higher 
numerical values correspond to higher insulat-
ing ability.

recyclable. A material or product that can be  
diverted from waste and processed into a  
new product.

renewable energy sources. Energy sources that 
can be replenished in a short period of time (e.g., 
solar, wind, geothermal sources).

respiration. The act or process by which an  
organism exchanges gases with its environment.

sample size. The number of items in a given area 
or sample.

selective breeding. A process of breeding plants 
or animals for desirable traits.

silviculture. The theory and practice of control-
ling the establishment, composition, and growth 
of forests for a particular purpose.
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smog. A mixture of air pollutants, with ground-
level ozone as the main component.

soot. The black impure carbon particles resulting 
from the incomplete combustion of a hydrocarbon.

sterilization. An act or process of destroying all 
forms of microbial life on and in an object.

succession. A gradual process brought about by 
change in the number of individuals of each 
species in a community and by the establishment 
of new species populations that may gradually 
replace the original inhabitants.

sustainability. The capacity to maintain a certain 
process or state indefinitely.

tailings. Waste consisting of ground rock and 
effluents that result from processing in the 
mining industry.

terrestrial environment. An environment based 
on land (e.g., forests, grasslands).

threatened species. A category of species that 
is under threat of extinction, or that is endan-
gered, vulnerable, or becoming rare in a given 
environment.

titration. A method of analysing the compos-
ition of a solution by adding known amounts of 
a standardized solution until a given reaction 
(colour or conductivity change, precipitate for-
mation) is produced.

toxic waste. Waste containing a poisonous sub-
stance that has a harmful effect on the body.

vaccination. Inoculation with viral or bacterial 
organisms or antigens to produce immunity in 
the recipient.

vaccine. A product that protects an organism from 
disease by producing immunity to a pathogen.

watt. A unit of power equal to 1 joule per second.
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