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Nuclear Technology: A Matter of Energy

Definition of the Domain

1. Introduction

This definition of the domain for summative evaluation describes and classifies the essential
and representative elements of the Physical Science program—specifically, for the course
PSC-4010-2: Nuclear Technology: A Matter of Energy. It presents an overview of the
program, but should by no means replace the program itself. The purpose of defining the
domain is to ensure that all summative evaluation instruments are consistent w ith the overall
program.
The organization of this definition of the domain is the same as that of those of other courses.
The content of each section is, how ever, specific to this course.
The goal of the definition of the domain for summative evaluation is to permit the preparation
of examinations that are valid from one version to another, from year to year and from one
school board to another, taking into account the responsibilities shared by the ministère de
l' Éducation and the school boards.
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2. Program Orientations and Consequences for Summative Evaluation

Orientations

Consequences

One aim of the program is to help students
acquire scientific know ledge, especially in
physics and chemistry.

The evaluation should verify the students'
acquisition of scientific know ledge in
physics and chemistry.

The program also aims to help students
become citizens w ith an understanding of
science and technology.

The evaluation should verify the students'
understanding of the social, economic and
political issues related to scientific and
technological development.

It is designed to help students acquire an
understanding of physical and chemical
phenomena.

The evaluation should verify the students'
ability to understand physical and chemical
phenomena and analyze results.

It is also designed to acquaint students w ith
t he historical evolution of scientific and
technological know ledge.

The evaluation should verify the students'
know ledge of the events that led to the
modification of certain scientific theories.

The program is intended to help students
acquire technological know ledge related to
scientific discovery.

The evaluation should verify the students'
acquisition
of
certain
technological
know ledge.

In t he program, the students are asked to
analyze the social consequences of certain
scientific discoveries and technological
changes.

The evaluation should verify the students'
understanding of the social consequences of
certain
scientific
discoveries
and
technological changes.

They are also asked to analyze the
relationships betw een science, technology
and society.

The students w ill be asked to analyze a
problem and express their point of view on
the issue in question.
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3. Content of the Program for Purposes of Summative Evaluation
Themes
•

•

Structure and classification of matter
–

Atomic theories
- M odels (ancient Greeks, Dalton, Thomson, Rutherford, Bohr and
simplified model currently in use)
- Evolution of the atomic model over time

–

Simplified atomic model currently in use (first 20 elements)
- Basic atomic particles (protons, neutrons and electrons)
- Electron distribution

–

Periodic table of the elements
- Atomic number
- Mass number
- Number of protons, neutrons and electrons
- Position of chemical families (alkali metals, alkaline earth metals,
halogens, noble gases), actinides, hydrogen, metals and non-metals

–

Atomic structure of isotopes

–

Calculation of atomic mass

Changes of matter
–

Characteristics of physical, chemical and nuclear changes

–

Natural and artificial radioactivity
- Ionization radiation and electromagnetic w ave radiation
- Characteristics of X-rays and alpha, beta and gamma radiation
- Units of measure of radiation: curie, becquerel, rad, gray, rem and
sievert
- Mass lost and stability of the atomic nucleus of an isotope
- Half-life of radioactive elements
- Equations for radioactive decay

–

Nuclear fission

–

Nuclear fusion
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Uses of nuclear energy
–

Different uses of nuclear energy
- Military uses: A-bomb, H-bomb
- Production of electricity
- Comparison w ith other types of pow er plants
- Operation of nuclear reactors: Canada (CANDU) and other countries
- Advantages, disadvantages and difficulties of using fission and fusion
to produce electricity
- Other
- Irradiation of foods
- Carbon-14 dating

–

Risks associated w ith the use of nuclear energy
- Risks associated w ith the transformation of uranium
- Risks associated w ith the use of uranium

–

Consequences of using nuclear energy
- Health effects
- Environmental effects
- Effects on democracy

–

Advantages of using nuclear energy
- Economic advantages
- Environmental advantages
- Advantages for research and development

–

Points of view for or against the use of nuclear energy

Skills
•

Knowing:

St at ing the manifestations or components of a scientific or
technical phenomenon.

•

Understanding:

Applying acquired know ledge to deduce information.

•

Analyzing:

Examining the components of a phenomenon in order to
determine relationships.

•

Synthesizing:

Int egrating, in a relevant and organized manner, different
skills and themes w ith a view to defining or solving a problem
or making a decision.
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4. Table of Dimensions

In the preceding sections, the content w as specified. The follow ing table of dimensions
illustrates the specific relationships betw een the themes and skills.
THEMES

STRUCTURE AND
CLASSIFICATION OF MATTER

CHANGES OF MATTER

USES OF NUCLEAR ENERGY

22%

26%

52%

SKILLS

KNOWING

• Position of metals, non-metals,
hydrogen,
actinides
and
chemical families in the
periodic table

24%

(1)

3%

• Evolution of the atomic model
over time
• Information contained in the
periodic table
• Calculation of the atomic mass
of an element
UNDERSTANDING

(2)

15%

measure

of

• Relationship betw een mass
lost, isotope stability and
energy liberated

(4)

6%

• Distinction
betw een
physical, chemical and
nuclear changes (3% )
• Distinction
betw een
radioactivity, fission and
fusion (3% )
• Relationship betw een the
half-life of a radioactive
element and the mass
remaining (3% )

36%

ANALYZING

• Units of
radiation

9%

• Atomic
theories
(ancient
Greeks, Dalton, Thomson,
Rutherford,
Bohr
and
simplified model currently in
use)
• Atomic structure of
isotopes of an element
(3)

• CANDU reactor (3% )
• Nuclear fission and fusion to
produce electricity (3% )
• Risks, disadvantages and
advantages of using nuclear
energy (9% )
(7)

15%

• A-bomb and H-bomb
• Operation of hydroelectric,
conventional thermal and
nuclear pow er plants
• Technology
of
CANDU
reactors compared w ith that
of other countries (former
Soviet Union, United States
and England)

• Characteristics of alpha,
beta and gamma radiation,
X-rays and their effects on
matter (6% )

• Use of radioactive elements
in the field of medicine, for
irradiating food and for
dating objects using carbon
14

(5)

(8)

15%

12%

• Information provided by an
equation of radioactive
decay

the

10%

(6)

5%
• Points of view on the use of
nuclear energy

SYNTHESIZING
25%

(9)

5

25%
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5. Observable Behaviours

Dimension 1
Given a periodic table, locate the position of the metals, the non-metals, the alkali metals, the
alkaline earth metals, the halogens, the noble gases, hydrogen and the actinides.

Dimension 2
Associate the atomic models (ancient Greeks, Dalton, Thomson, Rutherford, Bohr and the
simplified model currently in use) w ith the historical events or technological discoveries that
inspired them.
Referring to the periodic table, describe an element chosen from among the first 20: symbol,
atomic number, atomic mass, number of protons, number of electrons, number of neutrons,
number of the group and period, number of energy levels, number of electrons in the
outermost energy level.
Given the mass number of an element and the relative abundance of its isotopes, calculate
the atomic mass of that element.

Dimension 3
Explain the similarities and differences in consecutive atomic models.
Given the atomic notation of certain elements, find the isotopes of the same element and
compare their structure.

Dimension 4
Associate the units of measure of radiation (curie, becquerel, rad, gray, rem and sievert) w ith
w hat each of them measures (number of decays per second, energy, harmful potential).
Given a series of statements, selecte the one(s) that correctly describe the relationship
betw een the energy released during a nuclear reaction, the mass defect and the stability of
the resulting isotope.
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Dimension 5
Given examples of changes of matter, identify the ones that represent physical, chemical or
nuclear changes and explain the answ er.
Given a series of statements describing nuclear reactions involving radioactivity, fission and
fusion, select the correct statement(s).
Given the half-life of a radioactive element, apply the relationship betw een decay time and the
mass that w ill remain.
Associate statements describing the characteristics of alpha, beta, and gamma radiation, Xrays and their effects on matter.

Dimension 6
Given an equation for radioactive decay, identify either the radioactive element, the element
produced or the radiation produced and justify the answ er.

Dimension 7
Select from among a series of statements those that correctly describe the role of the
constituent elements of a CANDU reactor and the operation of the reactor.
St at e t he advantages, disadvantages or difficulties of using nuclear fission or fusion to
produce electricity.
Describe the risks associated w ith one of the steps involved in the preparation of uranium ore,
its use in producing electricity or radioactive w aste management.
Describe the consequences of using nuclear energy on human health or the environment.
Describe the social advantages of using nuclear energy (e.g. economic, environmental,
research and development, health).
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Dimension 8
Compare and contrast the A-bomb and the H-bomb w ith respect to their constituent elements,
their pow er, the nuclear reactions involved or their destructive effects.
Compare and contrast the operation of hydroelectric, conventional thermal and nuclear pow er
plants.
Compare and contrast the CANDU reactor and reactors used in the United States, England and
the former Soviet Union.
Explain how or w hy radioactive elements are used in the field of medicine, to irradiate foods
or to date objects using carbon 14.

Dimension 9
Present a current topic related to a use of nuclear energy:
•
•
•
•
•
•

select a topic
explain the scientific principles involved
creat a file of resource materials
list the good and bad points
list arguments for and against such a use
explain the personal choice
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6. Explanation of Content and Weighting

Some general objectives of the course and the program served as the basis for determining
the importance of acquiring basic know ledge and of developing certain intellectual processes
such as considering the importance of information, distinguishing betw een facts and opinions
and analyzing various points of view before making a w ell-informed decision. This is w hy a
w eighting of 75% has been attributed to the acquisition of basic know ledge that can be used
to support arguments based on facts rather than on opinions.
Furthermore, the presentation of the student' s point of view on a topic related to the course
content has been w eighted at 25% . Part of this 25% w ill be devoted to the preparation of a
f ile of resource material, w hich is an intellectual process essential to constructing a solid
argument to express one' s point of view on a given topic. This intellectual process is
transferable to a number of real-life situations.
On the basis of the tasks prescribed in the terminal objectives, the w eighting of the themes
and skills has been established as follow s:

•
•
•
•

Know ing
Understanding
Analyzing
Synthesizing

24%
36%
15%
25%

• Structure and classification of matter
• Changes of matter
• Uses of nuclear energy

22%
26%
52%
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7. Description of the Examination

7.1 Type of Examination
The summative evaluation consists of an examination in tw o parts.
The first part is a research project to measure Dimension 9, w hich is related to the
st udent' s ability to express an opinion based on facts and counts for 25% of the
final mark.
The second part is a comprehensive examination to measure dimensions 1 through
8. It counts for 75% of the final mark and includes objective and short-answ er test
items.
All t he observable behaviours for each dimension should be measured. Except for
dimensions 5 and 7, the points allotted to a dimension are divided equally betw een
the observable behaviours for that dimension.

7.2 Characteristics of the Examination
The research project is to be done during the course. The administrator' s guide
should explain the method of verifying the authenticity of the student' s w ork.
The second part of the examination should be taken at the end of the course, in a
single sitting of no more than 120 minutes. The relevant information (e.g. numerical
data, tables, new spaper or magazine articles) should accompany each question. A
periodic table w ithout the names of the elements w ill be provided (see appendix).

7.3 Pass Mark
To pass the course, students must obtain a combined total of 60 out of 100 for the
tw o parts of the examination.
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