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 ScienceSKigl Gy
Safety

Safety Symbols

Instant Practice—Safety Symbols
The following safety symbols are used in

Describe the safety symbols you might see
in the following areas and why they would

be there:

e technical arts room

Discovering Science 9 to alert you to possible
dangers. Be sure you understand each symbol
used in an activity or investigation before you

begin. .
* home economics room

e cafeteria

Disposal Alert e your kitchen

This symbol appears when care must be taken

to dispose of materials properly. - RREE OF SUOREE shied

Thermal Safety
This symbol appears as a reminder to use
caution when handling hot objects.

Sharp Object Safety

This symbol appears when a danger of cuts
or punctures caused by the use of sharp
objects exists.

~ife

N

Electrical Safety
This symbol appears when care should be
taken when using electrical equipment.

u

Skin Protection Safety

This symbol appears when use of caustic
chemicals might irritate the skin or when
contact with micro-organisms might
transmit infection.

i

Clothing Protection Safety
A lab coat should be worn when this
symbol appears.

Fire Safety
This symbol appears when care should
be taken around open flames.

> Qs

Eye Safety

This symbol appears when a danger to the
eyes exists. Safety goggles should be worn
when this symbol appears.

3
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Scientific Inquiry, Problem Solving, and Decision Making

Some of the key skills you will use in this
science course are scientific inquiry, problem
solving, and decision making. However,

The Language of Scientific Inquiry

You will need to understand several key terms
to carry out scientific inquiry:

answering questions in science, finding
solutions to problems, and deciding on
appropriate courses of action in different
situations are not simple one-step tasks. Each
of these skills is actually a multi-step process.
Here you will find models of suggested
processes for each of these skills. The processes
that have been outlined are not the only way
to approach these skills. You may need to add,
delete, or modity steps to fit the situation,
or you may find that you are able to make
improvements to these processes. Use these
models as guidelines to get you started.

A Process for Scientific Inquiry

One model of the scientific inquiry process is
shown in the concept map below.

A Process for Scientific Inquiry

Observations and curiosity
stimulate questions.

[ Identify the problem.
[ Gather information.

}

Form an hypothesis or
make a prediction.

}

Perform an experiment/
investigation.

/ ! N\

Revise prediction
or hypothesis.

prediction or hypothesis
not supported

—

Analyze data.

Repeat several
times.

Draw conclusions.

prediction or hypothesis
supported

[ Communicate results. ]

hypothesis — a statement about an

idea that you can test, based on your
observations. For example, “The type of
nutrients supplied to a plant have an effect
on its growth rate.”

prediction — a forecast about what you
expect to observe. For example, “A plant
that is given food A will grow faster than a
plant given food B.”

variables — any factors that could affect
the test being conducted. For example,
temperature, amount of sunlight, amount of
water, and amount/type of nutrients could
all affect the growth rate of a plant.

manipulated/independent variable -

the variable that you, as the experimenter,
change (i.e., the variable being tested).

For the examples given above, the type of
food—food A or food B—given to the plant
is the manipulated/independent variable.

responding/dependent variable — the
variable that you, as the experimenter,
observe or measure to determine whether
the manipulated/independent variable has
had any effect. For the examples given
above, the growth rate of the plant is the
dependent/responding variable.
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control — a test that you carry out with no
manipulated/dependent variable. A control
for the above examples might be a plant
grown in a standard potting soil, without
any added nutrients, while the experimental
plants would have different types of
nutrients—food A and food B added to this
standard potting soil.

responding

variable
A (growth)

manipulated

variable
/ (plant food)\

plant
(no manipulated food A food B
variable)

control plant

fair test — a valid and unbiased test,
achieved by ensuring that there is only ONE
manipulated/independent variable in the
test. For example, if you want to conduct

a fair test to determine whether nutrients
have an effect on plant growth, you must
ensure that all other variables are the same
for all plants tested. You will need to start
with identical plants and ensure that they
receive the same amount of sunlight, are
grown at the same temperature, and are
watered identically. If you are testing the
type of nutrients given, you will need to
ensure that equal amounts of nutrients are
given.

model — a mental picture, diagram,
physical mock-up, working device, or
mathematical expression that helps you

to visualize or allows you to carry out

your test. For example, you might draw a
diagram that illustrates your setup for the
experiment and details how you will ensure
that all plants receive the same treatment
for sunlight, water, and temperature.

conclusion — a statement that indicates
whether your results support or do not
support your hypothesis. For example, if
the plant given food B grew faster than the
one given food A, you would conclude that
your hypothesis—that the type of nutrients
supplied to a plant affects its growth
rate—was correct. However, you would
conclude that your prediction—that food A
would result in a higher growth rate—was
incorrect.

theory — an explanation of an event that
is supported by thorough testing and is
therefore accepted by most scientists. For
example, if there were consistent, reliable
evidence to suggest that food B makes
plants grow faster because it is needed
for photosynthesis, this might become an
accepted theory.
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A Process for Technological
Problem Solving

The following is a process for solving a
technological problem, in which you must
develop a technique or design and construct a
product. How could you modify this model to
apply to problem solving in general?

Solving a Technological Problem

( Identify the problem. J

|

( Decide on design criteria. )

Plan and construct.
® Make a sketch.
© Draw a complete plan.
e Build a model.

Evaluate the plan.

Revise
the
plan.

Revise
the design
criteria,

The design The product or technique The plan had
criteria were not is an excellent solution obvious
satisfactory. to the problem. flaws.

Patent the product or
technique for possible

Use the product
or technique.
mass production.

consequences. and the process should
be repeated to ensure
that the faulty steps are
eliminated and replaced by
L improved thinking. )
( Take action/Communicate the decision. )

A Process for Decision Making

As with scientific inquiry and technological
problem solving, having a process to use
for decision making helps you to focus your
thinking and stay on track.

A Process for Decision Making

( Gather relevant information. )<—

|
( Identify all the alternatives. )47

ER

[ Consider each alternative by

)

clarifying its consequences.

Make a decision.

Errors of judgement may have been made at any
of these steps in the decision-making process

( Evaluate the decision. )

N\ .

One or more of the steps
in the decision-making
process were faulty.
No action should be taken

The decision is the
best alternative based
on risks/benefits and,

thus, probable
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How to Do a Research-Based Project

Imagine if your teacher simply stated that he
or she wanted you to complete a research-
based project on endangered species. This

is a really big topic, and it is now your job
to decide which smaller aspect of the topic
you will research. One way to approach a
research project is to break it up into four
stages—exploring, investigating, processing,
and creating.

Explore—Pick a Topic and Ask
Questions

You need to start by fi nding out some general
things about endangered species. Make a list of
questions as you conduct your initial research,
such as, What factors cause species to become
endangered? Why does it matter? What types of
species are endangered? Suppose, in the course
of your research, you decided to learn more
about polar bears. A good research question
about polar bears would be, Why are polar bears
endangered? An even better question could

be, What can I do to help prevent polar bear
extinction? Both of these questions are deep and
can be subdivided into many subtopics.

Investigate—Research Your Topic

Sources of Information There are many
sources of information. For example, you can
use a print resource, such as an encyclopedia
from the reference section of the library.
Another approach is to go on-line and
check the Internet. When you use the Internet,
be careful about which sites you choose to
search for information. You need to be able
to determine the validity of a website before
you trust the information you find on it. To
do this, check that the author is identified, a
recent publication date is given, and the source
of facts or quotations is identified. It is also
important that the website is published by a
well-known company or organization.

You may also want to contact an expert on
your topic. A credible expert has credentials
showing his or her expertise in an area. For
example, an expert may be a doctor or have a
master’s degree. Alternatively, an expert could
have many years of experience in a specific
career or field of study.

No matter which sources you use, it is
your responsibility to be a critical consumer of
information and to find trustworthy sources
for your research.

You should also ask yourself if the sources
you are using are primary or secondary.

Primary
Sources

Secondary
Sources

¢ Second-hand
accounts of
events

e Written by the
person who
witnessed or
observed the
event

e Based on

. Can be print, research
* Validity based | 5/ gr « Validity based on
on author interview works cited
credentials
Examples: Examples:
witness news
testimony, articles,
autobiographies, magazines,
lab reports biographies

Two other things to check for in a source are
reliability and bias. To check for reliability,
try to find the same “fact” in two other
sources. But keep in mind that even if you
cannot find the same idea somewhere else, the
source may still be reliable if it is a research
paper or if it was written by an author with
strong credentials. To check for bias, look
for judgemental statements. Does the author
tend to favour one side of an issue more
than another? Are all sides of an issue treated
equally? A good source shows little bias.
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Source

The Canadian
Encyclopedia website

Polar bears inhabit ice
and coastlines of arctic
seas.

e author: Brian Knudsen
e secondary source

e has links to external
sites that are reliable

only lists facts

e Why do they live on
ice?

e Why don't they move
south?

Polar Bears
International website

&

shrinking sea ice habitat

e date at bottom of page
2009

e non-profit organization

designed to save the
polar bear

e Why is the ice
shrinking?

Recording Information As you find
information, jot it down on sticky notes or
use a chart similar to the one shown above.
Sticky notes are useful because you can move
them around, group similar ideas together,
and reorganize your ideas easily. Remember
to write the source of your information on
each sticky note. In addition to writing down
information that you find as you research,
you should also write down any questions you
think of as you go along.

Process—Ask More Questions and
Revise Your Work

Now that you have done some research, what
sub-questions have you asked? These are the
subtopics of your research. Use the subtopics
to find more specific information. If you find
that you have two or three sub-questions that
have a lot of research supporting them and a
few that do not have much research, do not be
afraid to “toss out” some of the less important
questions or ideas.

Avoiding Plagiarism Copying information
word-for-word and then presenting it

as though it is your own work is called
plagiarism. When you refer to your notes to
write your project, put the information in your
own words. It is also important to give credit
to the original source of an idea.

Recording Source Information Research
papers always include a bibliography—a list
of relevant information sources the authors
consulted while preparing them. Bibliographic
entries give the author, title, and facts of
publication for each information source. Ask
your teacher how you should prepare your list
of works cited.

Create—Present Your Work

Before you choose a format for your final
project, consider whether your researched
information has answered the question you
originally asked. If you have not answered
this question, you need to ecither refine your
original question or do some more research!
You also need to consider who the audience is
tfor your project. How you format your final
project will be very different if it is meant for
a Grade 2 class compared to the president

of a company or a government official. You
could present your project as a computer slide
presentation, a graphic novel, a video, or a
research paper.

Instant Practice—Conducting
Research

1. Describe the steps you should follow
in preparing a project on the topic of
renewable forms of energy.

2. The following example is not an
effective question on which to base a
research project: How many moons does
Jupiter have? Modify the question to
make it an effective research question.
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Using Graphs in Science

In your investigations, you will collect
information, often in numerical form. To
analyze and report the information, you will
need a clear, concise way to organize and
communicate the data.

A graph is a visual way to present data.
A graph can help you to see patterns and
relationships among the data. The type of
graph you choose depends on the type of data
you have and how you want to present it.
You can use line graphs, bar graphs, and circle
graphs (pie charts).

Choosing the Right Graph for the Job

It is important to choose the appropriate type
of graph to organize and communicate your
data. Some guidelines are given below.

Line Graphs

A line graph is used to show the relationship

between two variables. It shows how the

responding/dependent variable is affected

by changes in the manipulated /independent

variable. The manipulated variable is usually

shown on the x-axis, while the responding

variable is shown on the y-axis.

Line graphs are useful for

¢ making comparisons between a large number
of categories. For example, the graph below
shows the annual energy usage per person
from 1980 to 2006.

5 :2‘ 400 -

2.2 350 -

5.% 300 \/\/\/J_/\

c — I

S §

&5 250

g2 <

“ e I | | | | |
1980 1985 1990 1995 2000 2005

Year

¢ showing how a variable changes over time.

¢ showing general trends in the relationship
between variables. Does an increase in the
manipulated /independent variable cause an
increase or a decrease in the responding/
dependent variable?

e finding the mathematical relationship
between two variables. Rates and ratios can
be calculated from a line graph by finding
the slope of the line.

Bar Graphs

A bar graph is used to compare a numerical

quantity with some other category at a glance.

The second category may or may not be a

numerical quantity. It could be places, items,

organisms, or groups, for example.

Bar graphs are useful for

e comparing a responding/dependent variable
between two distinct types of things, such
as plant cells and animal cells, or between
competing things, such as brands of a
product. For example, this graph compares
the distance travelled on a single charge by
two different electric cars.

Electric
Vehicle A

Electric
Vehicle B

| | | | | | |
0 25 50 75 100 125 150

Distance Travelled on a Single Charge (km)

Vehicle

* comparing a responding/dependent variable
among discrete categories within a group,
such as provinces in Canada, months in a
year, or planets in the Solar System.

e reporting the results of surveys. For example,
you might want to show how many people
said “Yes” and how many said “No” to each
question on a survey.
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* showing annual changes. For example, you
might use a bar graph to show how energy
usage had changed from 2004 to 2006.
(However, it you were comparing a large
number of categories, such as annual energy
use from 1980 to 2006, it would be better
to use a line graph.)

g 400 -

w w

o Ul

o o
| |

Energy consumption
per person (gigajoules

2004 2005

Year

2006

Circle Graphs

A circle graph (sometimes called a pie chart)

uses a circle divided into sections (pieces of

pie) to show the data. Each section represents

a percentage of the whole. All sections

together represent all (100%) of the data. A

circle graph does not have axes.

Circle graphs are useful for

e quick visual comparisons of proportions
between segments of a whole.

Species of Birds Breeding in Canada

birds of prey
4.8%

shorebirds
17.7%

perching birds
45.0%

¢ showing, at a glance, the most common
category within a fixed set of categories.
It is easy to see from the graph above

that perching birds are the most common
category of the breeding birds sampled.

Limitations of circle graphs include the

following;:

® They cannot be used to show change over
time. They are a snapshot of data collected
at one specific time.

® They cannot be used to show complex
relationships between variables.

¢ They must represent categories as
percentages of a whole.

e [t is difficult to compare similar categories
unless the percentages represented by each
slice of the pie are clearly labelled, as they
are in the example shown.

Instant Practice—Choosing Graph
Types

1. What would be the best type(s) of

graph to use for each purpose?

(a) calculating the rate at which a
chemical reaction takes place

(b) comparing the gravitational pull
of each of the planets in our Solar
System

(c) showing how production of
hydroelectricity has changed from
1960 to today

(d) comparing the amount of each
chemical element present in a
sample

(e) showing the relationship between
the age of a cell and the number of
mutations in its DNA
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Scientific Drawing

Have you ever used a drawing to explain
something that was too difficult to explain
in words? A clear drawing can often assist or
replace words in a scientific explanation.

In science, drawings are especially important
when you are trying to explain difficult

lot of detail. It is important to make scientific
drawings clear, neat, and accurate.

Examine the drawing shown below. It
is taken from a student’s lab report on an
experiment to test the expansion of air in a
balloon. The student’s written description of
results included an explanation of how the

balloon when the bottle is placed in hot water
and in ice water. As you can see, the clear
diagrams of the results can support or even

drawing itself is important, it is also important
to label it clearly. If you are comparing and
contrasting two objects, label each object and
use labels to indicate the points of comparison
between them.

concepts or describe something that contains a

particle model can explain what happens to the

replace many words of explanation. While your

Visual representation of our results:
O
0
Wﬁy
/|
L
O
Pas
7 \
\ \
balloon on a bottle balloon on a bottle
placed in hot water placed in ice water
O

Making a Scientific Drawing

Follow these steps to make a good scientific

drawing.
1. Use unlined paper and a sharp pencil with
an eraser.

2. Give yourself plenty of space on the paper.
You need to make sure that your drawing will
be large enough to show all necessary details.
You also need to allow space for labels.
Labels identify parts of the object you are
drawing. Place all of your labels to the right
of your drawing, unless there are so many
labels that your drawing looks cluttered.

3. Carefully study the object that you will be
drawing. Make sure you know what you
need to include.

4. Draw only what you see, and keep your
drawing simple. Do not try to indicate
parts of the object that are not visible from
the angle you observed. If you think it is
important to show another part of the object,
do a second drawing, and indicate the angle
from which each drawing is viewed.

A Wheel-and-Axle System

wheel

axle '///// u

—

load i 3 load

effort
force

effort
force

side view

front view

5. Shading or colouring is not usually used in
scientific drawings. If you want to indicate
a darker area, you can use stippling (a
series of dots). You can use double lines to
indicate thick parts of the object.
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6. If you do use colour, try to be as accurate
as you can and choose colours that are
as close as possible to the colours in the
object you are observing.

7. Label your drawing carefully and

completely, using lower-case (small) letters.

Think about what you would need to
know if you were looking at the object
for the first time. Remember to place all
your labels to the right of the drawing, if
possible. Use a ruler to draw a horizontal
line from the label to the part you are
identifying. Make sure that none of your
label lines cross.

8. Give your drawing a title. The drawing of
a human skin cell shown below is from
a student’s notebook. This student used
stippling to show darker areas, horizontal
label lines for the cell parts viewed, and
a title—all elements of an excellent final
drawing.

HUMAN SKIN CELL

cell
membrane
cytoplasm

nucleus

other cells

(100x)

The stippling on this drawing of a human skin cell shows
that some areas are darker than others.

Drawing to Scale

When you draw objects seen through a
microscope, the size of your drawing is
important. Your drawing should be in
proportion to the size of the object as the
object appears when viewed through the
microscope. This type of drawing is called a
scale drawing. A scale drawing allows you to
compare the sizes of ditferent objects and to

estimate the actual size of the object being

viewed. Here are some steps to follow when

making scale drawings of magnified objects.

1. Use a mathematical compass to draw an
accurate circle in your notebook. The size
of the circle does not matter. The circle
represents the microscope’s field of view.

2. Imagine the circle is divided into four equal
sections (see the diagram below). Use a
pencil and a ruler to draw these sections in
your circle, as shown here.

3. Using low or medium power, locate an
object under the microscope. Imagine that
the field of view is also divided into four
equal sections.

4. Observe how much of the field of view is
taken up by the object. Note the location
of the object in the field of view.

5. Draw the object in the circle. Position the
object in about the same part of the circle
as it appears in the field of view. Draw the
object so that it takes up about the same
amount of space within the circle as it takes
up in the field of view, as shown in the

diagram.

drawing made to scale (100x)

o

field of view under <
the microscope (100x)
divided into four equal sections

Instant Practice—Scale Drawings
Design a scale drawing of your bedroom,
using the shape of the floor rather than

a circle like the example given above.
Include scale drawings of the furniture in
your room. When you are finished, label
the fire escape routes.

Science Skill 5 ¢ MHR
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Using a Microscope

The light microscope is an optical instrument
that greatly increases our powers of
observation by magnifying objects that are
usually too small to be seen with the unaided
eye. The microscope you will use is called a
compound light microscope because it uses a
series of lenses (rather than only one as in a
magnifying glass) and it uses light to view the

object.
A. Eyepiece (or ocular lens)
You look through the eyepiece. It has a
lens that magnifies the object, usually by
B. Tube 10 times (10). The magnifying power is

engraved on the side of the eyepiece.

The tube holds the eyepiece
and the objective lenses at
the proper working distance
from each other.

C. Revolving nosepiece
This rotating disk holds two
or more objective lenses. Turn
it to change lenses. Each lens
clicks into place.

D. Objective lenses
The objective lenses magnify
the object. Each lens
has a different power of
magnification, such as 4%,
10X, 40X. (Your microscope
may instead have 10,
40X, and 100X objective
lenses.) The objective lenses
are referred to as low,
medium, and high power.
The magnifying power is
engraved on the side of each

K. Light source
Shining a light through the object being

objective lens. Be sure you
can identify each lens.

. Arm

The arm connects the base
and the tube. Use the arm for
carrying the microscope.

viewed makes it easier to see the details.
If your microscope has a mirror instead
of a light, adjust the mirror to direct light
through the lenses. CAUTION: Use an
electric light, not sunlight, as the light
source for focussing your mirror.

A microscope is a delicate instrument, so
you must use proper procedure and care. This
Science Skill reviews the skills that you will
need to use a microscope effectively. Before
you use your microscope, you need to know
the parts of a microscope and their functions.

Coarse focus knob
The coarse focus knob moves
the tube up and down to
bring the object into focus.
Use it only with the low-
power objective lens.

. Fine focus knob

Use the fine focus knob with
medium- and high-power
magnification to bring the
object into sharper focus.

. Stage

The stage supports the
microscope slide. Stage clips
hold the slide in position. An
opening in the centre of the
stage allows light from the
light source to pass through
the slide.

Condenser lens

The condenser lens directs
light to the object being
viewed.

Diaphragm

The diaphragm controls the
amount of light reaching the
object being viewed.
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Troubleshooting

You may encounter difficulties when using

your microscope. The following list details the

more common problems and how you can deal

with them.

You cannot see anything. Make sure the
microscope is plugged in and the light is
turned on. If the microscope has no light,
adjust your mirror.

Avre you having trouble finding anything on
the slide? Be patient. Make sure the object
being viewed is in the middle of the stage
opening. While watching from the side,
lower the low-power objective as far as it
will go. Then look through the ocular lens
and slowly raise the objective lens using the
coarse-adjustment knob.

Avre you having trouble focussing, or is

the image very faint? Try closing the
diaphragm slightly. Some objects are almost
transparent. If there is too much light, a
specimen may be difficult to see or will
appear “washed out.”

Do you see lines and specks floating across
the slide? These are probably structures in
the fluid of your eyeball that you see when
you move your eyes. Do not worry; this is
normal.

Do you see & double image? Check that the
objective lens is properly clicked into place.
Do you close one eye while you look through
the microscope with the other eye? You might
try keeping both eyes open. This will help
prevent eye fatigue. It also lets you sketch
an object while you are looking at it.
Always place the part of the slide you are
interested in at the centre of the field of
view before changing to a higher-power
objective lens. Otherwise, when you turn
to medium and high power, you may not
see the object you were viewing under low
power.

Instant Practice—Applying Stains

A common problem when working with
microscopic specimens is that it may be
difficult to observe structures clearly.
You can use various stains to colour the
structures that you want to see. Common
stains used for biological specimens are:
* Jodine—for staining starch
¢ Crystal violet—for staining bacterial
cell walls
* Methylene blue—for observing
nuclei in cheek cells

Suppose you want to observe the
stages of mitosis in an onion root tip.

1. Slice off the root tips from a green
onion, or from a yellow onion that has
been allowed to grow in water for a
few days.

2. Cut oft the root tips and place them in
a small amount of 1 M HCI for a few
minutes to stop mitosis. Warning: HCI
is a strong acid. Follow safety rules for
working with acids.

3. Slice a very thin section of the onion
root tip and place it on a microscope
slide.

4. Add several drops of 1% toluidine blue
to the root tip section. Leave the stain
on for several minutes.

5. Blot off the extra stain with a paper
towel. Add a few drops of water to the
section to remove extra stain. Blot off.
Repeat, if necessary. There should not
be a lot of stain left on the section.

6. Add one drop of water. Place a cover
slip, edge first, and lower it carefully
over your specimen.

7. If the section is too thick, carefully apply
gentle pressure to flatten the section.

8. Dlace the slide on your microscope,
and use the low power for your first
observation.

Science Skill 6 ¢ MHR

491




 scienceSkil ¢z, ...

Using Electric Circuit Symbols and Meters

Circuit Diagram Symbols The Terminals of a Meter
All meters have two terminals (connecting
points) that you connect to the circuit. The
voltmter negative terminal (—) is black. The positive
© terminal (+) is red. In a circuit, conventional
+ - el current is defined as flowing from positive to
negative. This means that current leaves the

conducting wire

positive side of the battery or power supply

+ -
—1[if—— battery and returns to the negative. In order not
to damage the meter, you must take care to
@; bulb connect the meters so that the positive (red)
. , terminal of the meter is connected to the
I pen switch

positive side of the power source. That is, if
you trace the current leaving the source it
should enter the meter through its positive
——WMWA——  Tresistor (+) terminal. The negative (—) terminal of the
A ammeter meter is always connected to the negative side
of the source. The rule is “positive to positive,
and negative to negative.”

- . . closed switch

Connecting an Ammeter

Using Meters to Measure Voltage An ammeter is used to measure the electric
and Current current in a circuit. Electric current is the
amount of charge passing a given point per
Types of Meters second. To measure the current at a given
The meters you use in your classroom are location in an electric circuit, the ammeter
either analogue meters or digital meters. must be connected so that all the current is
Analogue meters are meters that have a allowed to pass through the ammeter. To

needle pointing to a dial. Digital meters display do this, you must disconnect the circuit at
measured values directly as numbers, similar to  the location where you wish to measure the
how a digital watch displays the time directly. current. Then insert the ammeter so that
current leaving the power source enters the
positive (red) terminal of the ammeter and
leaves from the negative (black) terminal.

A. Digital meters
display the numerical
values directly.

B. Analogue meters have a
needle pointing to different
scales.
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ammeter Connecting a Multimeter

b,

switch

. _
connect

'\\disconnect

Modern digital meters can also be multimeters.
Multimeters can be used to measure voltage,
current, and other electrical properties. When
using a multimeter, it is important that you

additional
wire

light bulb Y L L position the dial on the correct setting for your
i Connect application. As well, the connecting wires must be
inserted into the correct meter terminals.
source .
(battery) Reading a Meter

A digital meter is easy to read since the measured

To measure the current entering the light bulb, first disconnect the lue is displ ; |
. . ) ' ' value 1s di 1r numbers. In or
wire connected to the light bulb. Then insert the ammeter into the ue is d P ayed direct yas nu bers order to

circuit. get the most accurate reading on a digital meter,
the meter needs to be set to the appropriate scale.

Connecting a Voltmeter The dial on a digital meter has several settings.

A voltmeter is a device used to measure electric For example, if the dial is set on the 2 V range,

potential difference, or voltage as it is more the meter will measure voltages between zero and

commonly called. A voltage exists between two 2 V. Moving the dial to the 200 V setting will
points in a circuit such as across a battery, light allow the meter to measure between zero and
bulb, or resistor. When connecting a voltmeter 200 V, but with less accuracy. Therefore, when

to a circuit, you do not need to disconnect using meters, you must choose the best setting

or open the circuit. Since voltage is measured ~ for your measurement. The best approach is to
between two points of potential difference set the meter on the largest scale to obtain an

in a circuit, you connect the terminals of the approximate value. Then lower the scale until you
voltmeter at these two points. Two wires from  have the highest possible reading without going
the terminals of the voltmeter are connected oft scale.

to opposite sides of the component where This approach is the same for analogue

you wish to measure the potential difference. meters. Some analogue meters have a dial, similar
Again, as with the ammeter, the positive to a digital meter, that is used to change the scale.
terminal of the voltmeter is connected on In other analogue meters, the scale is changed
the positive side of the power source and the by how the wires are connected to the terminals.
negative terminal of the voltmeter is connected Once the scale is selected, you then obtain your
on the negative side of the source. reading from the most appropriate display on the

switch

A. This voltmeter has its dial
set at 10 V. To determine

the measured potential
difference, look for a number
at the top of the scale with

S the same first digit as 10. The

/ U top scale has a maximum

light bulb Y

connect \\ connect
I voltmeter o5 0 value of 1, so now the 1
o 100 represents 10 V. To read the
» scale, multiply the number
dditional ! : L
i 5 N 250 the needle is pointing to by
?l()):trtc:ry) 2.5 500 10. The dial is reporting 7.2 V.
1 1000
Voltmeters are connected across a component in the circuit. B +
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B. This ammeter has the

é:@ ® the 500 mA scale. The 5 on
500 mA A the bottom scale is the first
@ digit in 500 mA, so the 5
100 mA 5A

S

3

>
) |

IS

>

mA of current.

positive wire connected to

now represents 500 mA. The

needle is pointing to 4.7, so
the meter is reporting 470

Instant Practice—Using Circuit
Symbols and Electric Meters

1. Sketch the following circuit diagram

symbols:

(a) battery

(b) light bulb
(c) resistor

(d) open switch
(e) ammeter
(f) voltmeter

2. State the colour that is associated with:
(a) the positive terminal of a meter
(b) the negative terminal of a meter

3. When you connect a meter to a circuit,
to which side of the power source
should you always connect the positive
terminal of the meter?

4. For which type of meter do you
need to disconnect the circuit before
connecting the meter to the circuit?

5. A student wishes to use a meter to
collect the most accurate measurement
without damaging the meter. Describe
the correct approach for choosing the
appropriate scale.

6. Determine the value of current or
voltage indicated by meters A to D in
the next column.

25 50
10 100
5 & 250
25 500
1 1000

25 50

10 100
5 \ 250

25 500
1 1000

NOEO,

S
>

494

MHR e Science Skill 7




Organizing Your Learning: Using Graphic Organizers

When deciding which type of graphic
organizer to use, consider your purpose: to
brainstorm, to show relationships among
ideas, to summarize a section of text, to record
research notes, or to review what you have
learned before writing a test. Several different
graphic organizers are shown on these two

pages.

Main Idea Web

A main idea web shows a main idea and several

supporting details. Th e main idea is written in

the centre of the web, and each detail is written
at the end of a line going from the centre.

Living things
grow.

Living things
need energy.

Living things

reproduce.
Living Things Have

Certain Characteristics

Living things
must get rid
of wastes.

Living things
respond to their
environment.

Concept Map

A concept map uses shapes and lines to show
how ideas are related. Each idea, or concept,
is written inside a circle, a square, a rectangle,
or another shape. Words that explain how the
concepts are related are written on the lines
that connect the shapes

Threats to Biodiversity

Spider Map

A spider map shows a main idea and several
ideas associated with the main idea. It

does not show the relationships among the
ideas. A spider map is useful when you are

brainstorming or taking notes.

can turn into meteors

; rock
and meteorites

rocks ice

broken chunks
of asteroids dust
and planets

9
Q\Q‘\ J\Q}. |
& %
& eris non-spherical "\
KJ?puer:dBienlt leftover debris

habitat loss

can be
caused by

invasive
species

can out-
compete

native species

deforestation

draining
wetlands

overexploitation

disrupting
connectivity

can can
resultin reduce

extinction

carrying capacity
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Flowchart Cause-and-Effect Map

A flowchart shows a sequence of events or The first cause-and-eff ect map below shows one
the steps in a process. A flowchart starts with cause that results in several effects. The second
the first event or step. An arrow leads to the map shows one effect that has several causes.
next event or step, and so on, until the final

outcome. All the events or steps are shown in

the order in which they occur. ( effect )

effect

An animal dies.

!

Scavengers consume most of the body.

v

Bacteria cause soft parts of the body to decay.

v

A solution of water and minerals flows through the bones.

v

The water dissolves the calcium in the bones.

v

The minerals take the place of the calcium.

!

A hard, rocklike fossil is formed.

cause
cause

Venn Diagram

N N NN N N MY
N L S

A Venn diagram uses overlapping shapes
to show similarities and ditf erences among
concepts.

Cycle Chart

A cycle chart is a fl owchart that has no distinct
beginning or end. All the events are shown

in the order in which they occur, as indicated
by arrows, but there is no first or last event.
Instead, the events occur again and again in a

Differences Similarities Differences

Quantitative

: Qualitative Physical
continuous cycle. Physical e Properties
Properties observed \ of Matter

of Matter without

changing ¢ can be measured

¢ can be described the identity and assigned
: but not measured of the a value
\ examples: aubsEmReE exar!'lples:.
colour, odour melting point,
density

State of Water

Instant Practice—Graphic Organizers

1. Create a Venn diagram that shows the
similarities and differences between two
/ of your favourite science topics.
2. Draw a spider map that refl ects your
prior knowledge about alternative
energy sources.
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Throughout history, people have developed
systems of numbering and measurement.
When different groups of people began to
communicate with each other, they discovered
that their systems and units of measurement
were different. Some groups within societies
created their own unique systems of
measurement.

Today, scientists around the world use
the metric system of numbers and units.
The metric system is the official system of
measurement in Canada.

The Metric System

The metric system is based on multiples of
10. For example, the basic unit of length is the
metre. All larger units of length are expressed
in units based on metres multiplied by 10,
100, 1000, or more. Smaller units of length
are expressed in units based on metres divided
by 10, 100, 1000, or more.

Each multiple of 10 has its own prefix
(a word joined to the beginning of another
word). For example, “kilo-” means multiplied
by 1000. Thus, one kilometre is 1000 metres.

1 km = 1000 m

The prefix “milli-” means divided by 1000.
Thus, one millimetre is one-thousandth of
a metre.

1 mm = ﬁ m

In the metric system, the same prefixes are
used for nearly all types of measure, such as
mass, weight, area, and energy. A table of the
most common metric prefixes is given at the
top of the next column.

Units of Measurement and Scientific Notation

Commonly Used Metric Prefixes

Prefixes Symbol | Relationship to the Base Unit
giga- G 109 =1 000 000 000
mega- M 106 =1 000 000
kilo- k 103=1000
hecto- h 102=100
deca- da 101=10
= = 100=1
deci- d 10-1=0.1
centi- d 102 =0.01
milli- m 10-3 =0.001
micro- o 10-6 = 0.000 001
nano- n 10-9 = 0.000 000 001

Example 1

The distance from St. John’s to Corner Brook
is 422 km. Express this distance in metres.

Solution
422 km = ?m
1 km = 1000 m
422 km = 422 X 1000 m
=422 000 m

Example 2

There are 250 g of cereal in a package. Express
this mass in kilograms.

Solution
1 kg = 1000 g
250 g X 4 = 1000 g
—1(200 g=250¢g

%kg =0.25 kg

The next table lists most of the frequently used
metric quantities you will encounter in your
science classes.
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Instant Practice—Using Metric
Measurements

1. A hummingbird has a mass of 3.5 g.
Express its mass in mg.

2. For an experiment, you need to measure
350 mL of dilute acetic acid. Express

Frequently Used Scientific Quantities, Units, and Symbols

SI Units

Quantity Unit Symbol In science classes, you will often be instructed
length ENg nm to report your measurements and answers
micrometre mm . . .
millimetre mm in SI units. The term SI is taken from the
centimetre m French name Le Systeme international d’unités.
metre m In SI, the unit of mass is the kilogram, the
kilometre km . . . .
unit of length is the metre, the unit of time
mass gram g ' ' .
kilogram kg is the second, the unit of temperature is the
tonne t kelvin, and the unit of electric current is the
. 2 .
e square centimetre cm ampere. Nearly all other units are defined as
square metre m . . .
hectare ha combinations of these units.
—— B
volume cub!c centimetre cn; Example 1
cubic metre m
millilitre mL Convert 527 c¢cm to SI units.
litre L
time second s Solution
temperature degree Celsius °C The SI unit of length is the metre.
force newton N I1m= 100 cm
energy joule J . _c
T 27 X —~=—— =527 m
kilojoule kJ et 100 p—
pressure pascal Pa
kilopascal kPa
. Example 2
electric current ampere A _
T coulomb C Convert 3.2 h to SI units.
electric charge .
: - = Solution
electrical resistance ohm Q . . .
T hertz Hz The SI unit of time is the second.
power watt W 1 min = 60 s; 1 h = 60 min

3.2 % 60 min 60s _
i’ xlmiﬁ_1152()s

Instant Practice—Converting to
SI Units

Convert the following quantities to SI units.

. 1. 52 km 5. 537 891 cm
the volume in L. )
3. A bald e h . . 2. 43 min 6. 1.75h
' 53 : ;ag ¢ as; v;/mgsll)la'n up 1o 3. 8.63¢g 7. 16 Mg (megagrams)
.3 m. Express the length in cm. 4. 45973 mm 8. 100 km /h

4. The heaviest blue whale ever recorded
was a massive 190 tonnes. Express its
mass in grams.

5. A student added 0.0025 L of food

colouring to water. Express the volume

in mL.
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Exponents of Scientific Notation

An exponent is the symbol or number
denoting the power to which another number
or symbol is to be raised. The exponent shows
the number of repeated multiplications of the
base. In 102, the exponent is 2 and the base is
10. The place table below shows the powers
of 10 as numbers in standard form and in
exponential form.

NENETG Exponential
Form Form

ten thousands 10 000 104
thousands 1000 103
hundreds 100 102
tens 10 107

ones 1 100
tenths 0.1 107
hundredths 0.01 102
thousandths 0.001 103
ten-thousandths 0.0001 107

Why use exponents? Consider this.
Mercury is about 58 000 000 km from the
Sun. If a zero were accidentally added to this
number, the distance would appear to be
10 times larger than it actually is. To avoid
mistakes when writing many zeros, scientists
express very large and very small numbers in
scientific notation.

Example 1

Mercury is about 58 000 000 km from the
Sun. Write 58 000 000 in scientific notation.

Solution

In scientific notation, a number has the form
x X 10”, where x is greater than or equal to 1
but less than 10, and 10” is a power of 10.

58.000 000.

The decimal point starts here.
Move the decimal point 7 places
to the left.

= 5.8 X 10 000 000

=58 X 107

When you move the decimal point to the left,
the exponent of 10 is positive. The number
of places you move the decimal point is the
number in the exponent.

Example 2

The electron in a hydrogen atom is, on
average, 0.000 000 000 053 m from the
nucleus. Write 0.000 000 000 053 in
scientific notation.

Solution

To write the number in the form x X 10”,
move the decimal point to the right until
there is one non-zero number to the left of

the decimal point.
The decimal point starts here. 0,000,000 000 053
Move the decimal point ~
11 places to the right.
= 5.3 X 0.000 000 000 01
=53x10"U

When you move the decimal point to the
right, the exponent of 10 is negative. The
number of places you move the decimal point
is the number in the exponent.

Instant Practice—Scientific Notation

1. Express each of the following in
scientific notation.
(a) The approximate number of stars in
our galaxy, the Milky Way:
400 000 000 000 stars
(b) The approximate distance of the
Andromeda Galaxy from Earth:
23 000 000 000 000 000 000 km
(c) The estimated distance across the
universe:
800 000 000 000 000 000 000 000 km
(d) The approximate mass of a proton:
0.000 000 000 000 000 000 000 0017 g
2. Change the following to standard form.
(a) 9.8 X 10° m
(b) 2.3 X 10° kg
(c)5.5 X 10°L
(d)6.5 X 107105
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Using Chemistry Skills

Folding a Round Filter Paper

o A
]

1. Fold the piece 2. Fold the paper 3. Fold the &ight 4. Open:p the folds 5. Fold the paper

of filter paper in in half again to edge on one side in the semi-circle so back and forth like
half. Crease the fold produce a quarter  back toward the that the centre fold is  an accordian. You
very gently to avoid  circle. centre fold. Do the facing away from you. will need to reverse
creating a weak same on the other the direction of your
spot that will tear. side. original centre fold.

v
ﬂ
6. Open up the 7. Gently pull 8. Pinch in to 9. All of the folds 10. Finallly, place
folds into a fan the folds open create an additional should now be the filter paper into a
shape. into a cone shape.  fold in each of these alternating. funnel. Add a drop of
You will see two sections. water (or the liquid
sections that do to be poured) to the
not alternate folds centre of the paper to
as the others do. hold it in place before
carefully pouring
liquid through the
funnel.

Note: If you are collecting the liquid, and disposing of the solid that is filtered out by the paper, you should turn your filter
paper cone inside-out. You can invert the cone by pulling out gently on the edges of the paper. This will ensure that any
dirt that has gotten onto the paper as you were folding will remain on the inside of the cone and will be filtered out of your
sample. If you are collecting the solid rather than the liquid, this step is not necessary.
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Creating Data Tables

Scientific investigation is about collecting Observations Made at Three Sample Stream Sites
information to help you answer a question. ' headings show what columns and rows
In many cases, you will develop an hypothesis is being recorded contain data
and collect data to see if your hypothesis is
supported. An important part of any successful Sample Type of Number of
investigation includes recording and organizing Site PH Organism Organisms
your data. Often, scientists create tables in 1 beetle 3
which to record data. <nail / 1
3 |4

Plann%ng to .Rec01.'d ¥our Data Suppose yc?u dragonfly larva 8
are doing an investigation on the water quality

2 beetle 6
of a stream that runs near your school. You
will take samples of the numbers and types of dragonfly larva /
organisms at three ditferent locations along the
stream. You need to decide how to record and 3 snail 5
organize your data. Begin by making a list of oo :

. . eec
what you need to record. For this experiment,
you will need to record the sample site, the pH dragonfly larva 2
of the water at each sample site, the types of L P4 )
organisms found at each sample site, and how )
many of each type of organism you collected. (extra rows to collect data in case)
. ou need to add observations

Creating Your Data Table Your data table y

must allow you to record your data neatly. To
do thls_you need to create ' Instant Practice—Creating Data
¢ headings to show what you are recording Tables

¢ columns and rows that you will fill with data
e cnough cells to record all the data

e a title for the table

In this investigation, you will find multiple
organisms at each site, so you must make space
tor multiple recordings at each site. This means
every row representing a sample site will have
at least three rows associated with it for the
different organisms.

If you think you might need extra space,
create a special section. In this investigation,
leave space at the bottom of your table, in
case you find more than three organisms at a
sample site. Remember, if you use the extra
rows, make sure you identify which sample site
the extra data are from. Your data table might
look like the one at the top of this page.

1. You are interested in how weeds grow
in a garden. You decide to collect data
from your garden every week for a
month. You will identify the weeds and
count how many there are of each type
of weed. Design and draw a data table
that you could use to record your data.

Science Skill 11 e MHR 501



How to Use This Glossary

This Glossary provides the definitions of the key terms that are shown in boldface
type in the text. (Instructional boldfaced words such as “observe” and “explain”

are not included.) The Glossary entries also show the sections where you can

find the boldfaced words. A pronunciation guide, using the key below, appears in

square brackets after selected words.

a = mask, back
ae = same, day
ah = car, farther
aw = dawn, hot
e = met, less

A

acetate [A-suh-tact] a type of plastic
used in photographic film and
overhead transparencies (7.1)

action-at-a-distance forces forces
that can have an effect on an object
without touching it (7.2)

adaptive optics optical design
that uses an adaptable mirror or
liquid crystal array to reduce image
distortion, such as that caused by the
atmosphere (12.3)

alkali metals Column 1 of the
periodic table; include the metallic
elements lithium, sodium, potassium,
rubidium, cesium, and francium
(2.2)

alkaline earth metals Column 2
of the periodic table; include the
metallic beryllium, magnesium,
calcium, strontium, barium, and
radium (2.2)

amperes (A) unit for measuring
electric current; very small currents
are measured in milliamperes (mA);
1 A=1000mA (8.2)

MHR e Glossary

ce = leaf] clean
ih = idea, life

i = simple, this
oh = home, loan
oo = food, boot

ow = how, loud

u = wonder, Sun
uh = taken, travel
uhr = insert, turn

asexual reproduction reproduction
that requires only one parent and
produces offspring that are genetic
copies of the parent (5.2)

asterism a star pattern that is not a
constellation; may consist of a small
group of stars within a constellation
or individual stars from different
constellations (10.1)

asteroid one of many small rocky
bodies in our solar system, most of
which orbit the Sun between Mars
and Jupiter (11.2)

astrolabe [A-struh-lacb] an ancient
instrument used to locate and
predict the positions of the Sun,
Moon, planets, and stars (10.2)

astronomical unit (AU) a
measurement equal to the average
distance between the Sun and Earth,
about 150 million km (11.2, 12.1)

atom the smallest particle of an
clement that retains the properties of
that element (1.3, 7.1)

atomic mass the mass of an average
atom of an element (2.2)

atomic number the number of protons
in each atom of an element (2.2)

atomic theory an attempt to describe
the nature of matter and explain how
matter behaves (1.3)

aurora borealis/australis spectacular
displays of light visible in the sky
near the North and South Poles,
respectively; caused by high energy
particles in the solar wind entering
Earth’s atmosphere at the poles
(11.1)

axis an imaginary line through Earth,
extending from the North Pole to
the South Pole; Earth spins on its
axis at a speed of 1670 km/h, or
0.5 km/s (12.1)

B/

battery a combination of
electrochemical cells connected
together (or a single electrochemical
cell) that produces a potential
difference (8.1)

best-fit line/line of best fit on a
graph, a smooth curve (or straight
line) that has the general shape
outlined by plotted points; shows the
trend of the data (8.3)



Big Bang theory the theory that
proposes that the universe formed
approximately 13.7 billion years
ago when an unimaginably tiny
volume of space suddenly and rapidly
expanded to immense size (12.1)

binary fission [BIH-nae-ree FI-zhun]
a form of asexual reproduction in
which a single parent cell replicates
its genetic material and divides into
two equal parts (5.2)

black dwarf a stage in the life cycle
of some stars; a dense, dark celestial
body made up mostly of carbon and
oxygen (12.2)

black hole a large sphere of
incredibly tightly packed material
with an extraordinary amount of
gravitational pull created when a star
collapses into itself; called “black”
because nothing, not even light, can
escape the powerful gravitational
field (12.2)

Bohr-Rutherford diagram diagram
of the atom that describes the
arrangement of subatomic particles:
neutrons and protons in the nucleus
and electrons in electron shells (2.3)

boiling point the temperature at

which a liquid changes into a gas
(1.2)

budding a form of asexual
reproduction; occurs when part of
a cell pushes outward to form an
outgrowth or bud that may or may
not detach from the parent cell (5.2)

CJ

celestial body a natural object in
space, such as the Sun, the Moon, a
planet, or a star (10.1)

cell cycle the three stages of the life
of a cell, which include interphase,
mitosis, and cytokinesis (5.1)

cervix lower portion of the uterus;
opening through which sperm pass
as they enter the uterus; dilates to
allow delivery of a baby (6.3)

charging by conduction process of
transferring charge between objects
by touching or rubbing (7.2)

charging by induction process of
rearranging electrons on a neutral
object by bringing a charged object
close to it (7.2)

chemical bonds links between two
or more atoms that hold the atoms
together (3.1)

chemical change a change in matter
in which chemical bonds are formed
and broken and at least one new
substance is produced (3.3)

chemical family groups of elements
arranged in vertical columns in
the periodic table that have similar
physical and chemical properties
(e.g., alkali metals, alkaline earth
metals, halogens, noble gases) (2.2)

chemical formula symbols that show
the elements in a compound and
their ratios (3.2)

chemical name name of a compound
that indicates the elements in it (3.2)

chemical properties characteristics
that describe a substance’s ability
to react chemically with other
substances to form new products
(e.g., flammability) (1.2)

chemical symbol international symbol
for each element consisting of one
or two letters, such as O for oxygen
and Na for sodium; the first letter
is always capitalized; second letter is
never capitalized (2.1)

chromosome a threadlike structure in
a cell nucleus that carries hereditary

information in the form of genes
(4.1)

chromosphere the 3000 km thick
layer of atmosphere beneath the
Sun’s corona, composed of hot
(6000-20 000°C), low-density gas
(11.1)

circuit breaker a safety device in an
electrical circuit; acts as a switch
to cut off power to a circuit if the
current exceeds a safe level (9.1)

circuit diagram a drawing using
symbols to represent the different
components of a circuit (8.2)

circumpolar constellation [SUHR-
kum-POH-luhr KON-ste-LAE-shun]
a constellation that never appears to
“set”, or dip below the horizon; this
classification depends on the position
of the viewer (10.1)

combustibility the degree to which a
substance will burn (1.2)

combustion the reaction of a
substance with oxygen, combined
with the release of energy; also called
burning (3.3)

comet a small body made up of rocky
material and ice that occurs in the
Kuiper Belt and the Oort Cloud;
when a comet is bumped into the
inner solar system, the Sun’s light
may make the comet’s tail visible
from Earth (11.2)

complete metamorphosis a change in
the form of an insect as it matures,
such that the adult form of the insect
is completely different from the
larval stage (6.2)

conclusion an explanation of the
results of an experiment as it applies
to the hypothesis being tested
(Science Skill 2)

condensation change of state from a
gas to a liquid (3.3)

conductors materials that allow
electrons to move freely on and
though them (7.1)

constellation a distinctive pattern in
the night sky formed by a group of
stars; the pattern often looks like a
familiar object, such as an animal
(10.1)

contact forces forces that have an
effect only on objects that they
touch (7.2)

control in a scientific experiment,
a standard to which the results are
compared; often necessary in order
to draw a valid conclusion; ensures a
fair test (Science Skill 2)

corona the outermost part of the

Sun’s atmosphere, a layer of gas that
can reach more than 3 000 000°C
(11.1)
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corrosion a chemical process by
which a material is broken down;
often a reaction between water or
oxygen and a metal (3.3)

cosmological red shift wavelengths
of radiated light that are being
constantly stretched (lengthened)
as the light crosses the expanding
universe (12.1)

coulomb (C) the unit of electric
charge; one coulomb is the amount
of charge passing a point in one
second when one ampere of current
is flowing (7.1)

covalent compound a compound,
such as water, in which two atoms
share a pair of electrons (3.1)

current electricity the continuous flow
of charge in a complete circuit (8.2)

cytokinesis [STH-toh-ki-NEE-sus] the
final stage of the cell cycle, which
separates the two nuclei and cell
contents into two daughter cells (5.1)

D)

density ratio of a material’s mass to
its volume; usually measured in

kg/cm? (1.2)

deoxyribonucleic acid (DNA) [dee-AHK-
si-rih-boh-nyoo-KLAE-ik] a biological
molecule found in the cell nucleus
that carries genetic information;
composed of sugar, phosphate, and
four different bases (guanine, cytosine,
adenine, and thymine) passed on
from generation to generation during
reproduction (4.1)

differentiation in humans, the
process in which cell layers will
eventually form the organs and
tissues of a baby (6.3)

dissolving the formation of a solution
as two substances mix together (3.3)

dwarf planet a celestial body orbiting
the Sun that has enough mass to
have a nearly round shape due to
its own gravity, has not cleared the
neighbourhood around its orbit, and
does not orbit any object other than
the Sun; generally smaller than a
planet (11.2)
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(E

ecliptic the path followed by the Sun
through the sky, as seen from the
Earth (10.1)

efficiency the percentage of energy
converted into a useful form by a
process or a device compared to the
total amount of energy consumed;
calculated by dividing the useful
energy output by the total energy
input and multiplying by 100 to
convert to a percentage (9.3)

electric circuit a complete pathway
that allows electrons to flow (8.2)

electric current the amount of charge
passing a point in a conductor every
second (8.2)

electric force a push or pull between
charged objects (7.2)

electric load any device that
transforms electrical energy into
other forms of energy, such as a light
bulb, buzzer, heater, or motor (8.2)

electric potential energy electric
energy stored in a battery (8.1)

electrical energy the ability to do
work by pushing electrons around a
circuit (9.2)

electrical power the rate of change in
electrical energy (9.2)

electrical resistance the ratio of
voltage to current (8.3)

electrochemical cells devices that
convert chemical energy into electrical
energy; also called batteries (8.1)

electrodes two terminals in a cell or
other electricity source; usually made
of two different metals or a metal
and another material (8.1)

electrolyte substance that conducts
an electric current; in a dry cell, the
electrolyte is a moist paste; in a wet
cell, the electrolyte is a liquid (8.1)

electromagnetic radiation energy that
is carried, or radiated, in the form
of waves that range in length from
short to long; types include X rays,
ultraviolet radiation, visible light,
microwaves, infrared waves and radio
waves (12.1)

electron shells regions that surround
the nucleus of an atom and contain
electrons; also called energy levels

(2.3)

electrons negatively charged particles
surrounding the atomic nucleus (1.3,
7.1)

element a pure substance that
cannot be broken down into simpler
components (1.2)

ellipse an oval shape for which the
distance from one focal point to a
point on the edge of the ellipse and
then to the other focal point is the
same no matter which point on the
edge of the ellipse you choose (10.3)

elliptical galaxy one of three basic
galaxy shapes; a galaxy that ranges
in shape from a perfect sphere to an
clongated but flattened ellipse and
contains some of the oldest stars in
the universe (12.2)

embryo [EM-bree-oh] the stage of a
multicellular organism that develops
from a zygote (6.1)

embryonic stem cell a cell that can
become any one of a sexually
reproducing organism’s body cells

(6.4)

EnerGuide a Canadian government
program that rates the energy
consumption and efficiency of
heating, cooling, and ventilating
equipment, new houses and vehicles,
and household appliances; an
EnerGuide label is placed on an
appliance to display how much energy
the device typically uses in a year (9.3)

energy the ability to do work (8.1)

energy level a region surrounding
the nucleus of an atom; may be
occupied by electrons; also called an
electron shell (2.3)

eukaryotic [YOO-kae-ree-AW-tic]
a cell in which chromosomes are
contained within a nucleus

evaporation the change of state from
liquid to gas (3.3)



FJ

fair test an investigation (experiment)
carried out under strictly controlled
conditions to ensure accuracy and
reliability of results; all variables are
controlled except the one variable
under investigation (Science Skill 2)

fallopian tubes the passageways that
connect the ovaries to the uterus;
an egg is fertilized in one of the
fallopian tubes before moving into
the uterus; also called oviducts (6.3)

fertilization the process during
which an egg cell is penetrated by a
sperm cell and the haploid genetic
information of both male and female
gametes combines (6.1)

fetus the stage of a multicellular
organism that develops from an
embryo (6.3)

force a push or a pull exerted on an
object (7.2)

fragmentation a form of asexual
reproduction in which each fragment
of an organism develops into a clone
of'its parent (5.2)

freezing solidification; change of state
from a liquid to a solid (3.3)

fuel cell a source of electric current
made up of two electrodes and an
electrolyte and requiring a constant
external supply of fuel (9.4)

fuse a protective mechanism in an
electrical circuit; contains a metallic
conductor strip that melts when
excessive current passes through
it, thus opening the circuit and
stopping electron flow (9.1)

fusion the process in which the nuclei
of atoms fuse together to form larger
single atoms, creating an enormous
amount of energy (12.2)

G

galaxy an enormous collection of
gases, dust, and billions of stars held
together by gravity (12.1)

gametes specialized cells necessary for
reproduction; in animals, male gametes
are called sperm cells and female
gametes are called egg cells (6.1)

gamma rays high-frequency
electromagnetic radiation released
from exploding stars, neutron stars,
and galaxies; cannot be detected by
telescopes on Earth’s surface because
the rays are absorbed by Earth’s
atmosphere (12.3)

gene segment of DNA located at a
specific place on a chromosome; each
contains information to produce
proteins (4.1)

gene mutation a change in the
specific order of the A, G, C,and T
bases that make up a particular gene
(4.2)

generator a device that converts
mechanical energy into electrical
energy, often by rotating a coil of
wire inside a stationary magnet (9.4)

genetic diversity inherited genetic
differences in a species that give

many organisms a survival advantage
(6.1)

genome the entire set of genetic
information stored within the
chromosomes of an organism (6.4)

geocentric representing Earth as the
centre of the universe (10.2)

geosynchronous orbit [gee-oh-SIN-
kron-uhs] the orbit of a satellite
that is moving at the same speed
and direction as Earth’s rotation,
with the result that the satellite stays
stationary above a fixed point on
Earth (11.3)

grounding connecting a conductor so
that electric charge flows into Earth’s
surface (7.1)

grounding terminal the round prong
of an electrical plug; allows excess
current to flow from an electrical
device to ground to prevent electrical
shock (9.1)

HJ

halogens Column 17 of the periodic
table; include the non-metallic
elements fluorine, chlorine, bromine,
iodine, and astatine (2.2)

hazard symbol a warning printed on
a container to indicate that either
the container or the product is
dangerous (1.1)

heliocentric representing the Sun as
the centre of the universe (10.2)

heredity the passing on of traits from
an individual to its offspring (4.1)

high mass star star that has 12 or
more times the mass of the Sun;
consumes fuel quickly to rapidly
reach a large size, but also burns out
quickly (12.2)

Hubble Space Telescope an optical
telescope that was launched into
Earth orbit in 1990; provides images
of distant galaxies and stars; light
reaching its mirrors has not been
distorted by the atmosphere (12.3)

hydroelectric electrical energy
generated from the mechanical
energy of falling or flowing water

(9.4)

hypothesis [hih-PAW-thuh-sis] a
testable proposal used to explain
an observation or to predict the
outcome of an experiment; often
expressed in the form of an “If ...,
then ...” statement (Science Skill 2)

incomplete metamorphosis subtle
progression through three insect
life stages: egg, nymph, and adult;
immature phases look like small
versions of the adult insect (6.2)

insulators materials, such as glass,
plastics, ceramics, and dry wood,
that do not allow electrons to move
casily on or through them (7.1)

interphase the first and longest stage
of the cell cycle, in which cells carry
out life functions and cells that
divide prepare for cell division (5.1)
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interstellar matter the material that
fills space, made up of gas (mostly
hydrogen) and dust (12.2)

ionic compound a compound, such
as table salt, in which oppositely
charged ions are attracted to each
other (3.1)

irregular galaxy one of three basic
galaxy shapes; a galaxy that has
neither spiral arms nor an obvious
central core, made up of a mix of
newly forming stars and old stars
(12.2)

joule (J) the unit for measuring
energy (9.2)

junction point the location where a
circuit divides into multiple paths or
where multiple paths combine (9.1)

K

karyotype a photomicrograph that
shows the number of chromosomes
a person has, as well as the
chromosomes’ size and shape,
prepared by cutting and pasting
chromosomes taken from body cells
during mitosis; used to diagnose
genetic disorders (6.4)

kilowatt-hour (kWh) a measure of
clectrical energy; the product of
power, in kilowatts, and time, in

hours (9.2)

Kuiper Belt [KIH-puhr belt] a flat
disk of millions of small bodies
orbiting the Sun beyond the orbit of
Neptune (11.2)

law a description of events, patterns,
or relationships in science that have
been observed over and over again
(1.3)

laws of static charge laws stating
that like charges repel, opposite
charges attract, and neutral objects
and charged objects attract each
other (7.2)
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light-year the distance that light,
which moves at 300 000 km /s,
travels in a year; equals about 9.5
trillion km (12.1)

v

magnitude the apparent brightness of
a star, as viewed from Earth; depends
on how bright the star is and how
close it is to Earth (10.1)

main sequence star star in the
main stage of its life cycle, where
it produces energy by converting
hydrogen to helium; approximately
90 percent of stars in the universe
are main sequence stars (12.2)

manipulated/independent variable
in an experiment, a factor that is
selected or adjusted to see what
effect the change will have on the
responding dependent variable
(Science Skill 2)

mass the amount of matter in a
substance or an object; the more
matter, the greater the mass; usually
measured in kilograms (kg) (1.2)

mass number the number of protons
and neutrons in the nucleus of an
atom of an element (2.2)

mating the process by which gametes
arrive in the same place at the
same time in some animals this
involves copulation; for plants and
for organisms that have external
fertilization, copulation is not
involved (6.2)

matter anything that has mass and
volume (1.2)

meiosis [mih-OH-sus] the process
that produces gametes with half the
number of chromosomes as body
cells (6.1)

melting the change of state from a
solid to a liquid (3.3)

melting point the temperature at
which a solid begins to liquefy (1.2)

metal an element that is typically
hard, shiny, malleable, ductile,
and a good conductor of heat and
electricity (2.1)

metalloid an clement that shares
some properties with metals and
some properties with non-metals

(2.2)

metamorphosis a change in the form
of an insect as it matures (6.2)

meteor a meteoroid that burns up as
it passes through Earth’s atmosphere
(11.2)

meteorite a meteoroid that is large
enough not to burn up entirely as it
passes through Earth’s atmosphere,
and therefore reaches Earth’s surface
(11.2)

meteoroid a rocky chunk, broken off
an asteroid or planet, which floats
through space (11.2)

microgravity the condition of
weightlessness experienced in space;
less than one millionth the effect of
gravity experienced on Earth (11.3)

mitosis [mih-TOH-sus] the second,
and shortest, stage of the cell cycle;
the process in which the duplicated
genetic material from the cell’s
nucleus is divided between two
daughter cells (5.1, 6.1)

molecule a group of atoms in which
the atoms are held together by the
sharing of one or more pairs of
electrons (3.1)

model a verbal, mathematical, or
visual representation of a scientific
structure or process, which allows
scientists to construct and test
inferences and theories (e.g., the
particle theory of matter) (Science
Skill 2)

moon a celestial body that orbits a
planet (11.2)

mutagen [MYOO-tuh-jen] a
substance or factor that can cause
mutations in DNA (4.2)

N

nebula [NEB-yoo-luh] a cloud of gas
and dust in space (12.1)



neutral the uncharged state of a
particle or object; occurs when the
positive charge in the nucleus is
exactly balanced by the negative
charge of the electrons (7.1)

neutron uncharged particle in the
nucleus of an atom (1.3)

noble gases Column 18 of the
periodic table; include the elements
helium, neon, argon, krypton,
xenon, and radon (2.2)

non-metal an element that is typically
not shiny, malleable, or ductile and
that is a poor conductor of heat and
electricity; usually a gas or brittle
solid at room temperature (2.1)

non-renewable unable to be replaced
within a human lifetime; refers to
energy sources such as fossil fuels
and nuclear energy (9.4)

nuclear energy energy released by a
nuclear reaction (9.4)

nucleus in chemistry, the positively
charged centre of an atom, which
contains protons and neutrons
(plural: nuclei) (1.3); in biology, an
organelle that contains an organism’s
hereditary information and controls
all the activities within a cell (4.1)

0]

ohm (Q) the unit of measurement for
electrical resistance (8.3)

Ohm’s law the mathematical
relationship comparing voltage (V),
current (1), and resistance (R),

written as R = %(8.3)

Oort Cloud [ohrt klowd] a spherical
cloud of small icy fragments of
debris at the outskirts of the Sun’s
gravitational influence; thought to be
a source of comets (11.2)

optical telescope reflecting or
refracting telescope used to focus
light from distant objects (11.3)

orbit the regular path of an object,
such as a celestial body or an artificial
satellite, around another body such
as a star or a planet (10.3)

Oscillating theory [AH-sil-act-ing
THEE-ree] states that the universe
is closed and will go through a series
of expansions and contractions, or
Big Bangs and Big Crunches, in an
ongoing cycle (12.1)

ovary one of two female sex glands
that are connected to the uterus by
the fallopian tubes; produces mature
ova and female hormones (6.3)

oviducts the passageways that
connect the ovaries to the uterus;
an egg is fertilized in one of the
oviducts before moving into the
uterus; also called fallopian tubes

(6.3)

P/

parallax the apparent shift of
an object against a stationary
background caused by the change in
position of the observer (12.1)

parallel circuit an electrical circuit
that has more than one path (9.1)

penis the tube-like male reproductive
organ that contains the urethra,
which delivers sperm and excretes
urine (6.3)

period horizontal row in the periodic
table (2.2)

periodic table organized list in which
elements are arranged in rows and
columns according to their atomic
number and their patterns of similar
properties (2.2)

photosphere the thin outer layer
of the Sun where hot gas rises to
the surface, cools, and then sinks
back into deeper layers; reaches
temperatures of about 5800°C
(11.1)

physical change a change in matter
in which the appearance may change
but no chemical bonds are broken
or made and no new substance is
formed (3.3)

physical property a characteristic
of matter that you can observe or
measure, such as state, colour, or
density (1.2)

planet a celestial body that orbits
one or more stars, is large enough
that its own gravity holds it in a
spherical shape, and is the only body
occupying the orbital path (10.1,
11.2)

planetesimal a rocky clump with
a diameter of approximately 1 km
or more that may eventually come
together with other rocky clumps to
form a planet (12.1)

pollen fine, powder-like grains that
carry the male gametes (sperm cells)
of seed plants (6.2)

pollination the transfer of male
gametes in pollen from the male
reproductive part of a plant to the

female reproductive part of a plant
(6.2)

potential difference the amount of
electric potential energy per one
coulomb of charge at one point in
a circuit compared to the potential
energy per coulomb of charge at
another point in the circuit; also
called voltage (8.1)

power the rate of change in energy;
also the rate at which work is done
or energy is transformed (9.2)

power rating a measurement of how
much electrical energy an electrical
device consumes for every second it
is in use (9.2)

prediction a forecast about what you
expect to observe when you do an
investigation (Science Skill 2)

probe a space vehicle carrying
scientific instruments and sent to
fly past, orbit, or land on a celestial
body to collect data (11.3)

products new substances formed in a
chemical reaction (3.3)

proton positively charged particle in
the atomic nucleus (1.3, 7.1)

®

quasar a region of extremely
high energy that develops as the
supermassive black hole in the centre
of a galaxy attracts more matter into
itself (12.2)
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radio telescope a large receiver that
collects radio waves (which have
longer wavelengths than visible light)
and therefore can detect objects that

are invisible to optical telescopes
(11.3)

reactants substances that react in a
chemical reaction (3.3)

reactivity degree to which a
substance combines chemically with
other substances (1.2)

red shift a shifting of light from
an object toward the red (longer
wavelength) end of the spectrum as

the object moves away from Earth
(12.1)

renewable able to be renewed or
replaced within a human lifetime;
refers to energy sources such as
wind, solar, biomass, geothermal, or
hydroelectricity (9.4)

replication the process during which
the cell copies the 3 billion base pairs
of DNA information in the nucleus

(5.1)

reproductive system an organ system
in the human body that produces the
gametes necessary to make offspring;
the male reproductive system also
delivers the males gametes (sperm)
to the female gamete (egg) for
fertilization and development; the
female reproductive system also
houses the developing embryo (6.3)

resistance the property of any
material that slows down the flow
of electrons and converts electrical

energy into other forms of energy
(8.3)

resistor an electrical component
with a set amount of resistance that
slows down current and transforms
electrical energy into other forms of
energy (8.3)

responding/dependent variable in an
experiment, the factor that changes
in response to a change in the
manipulated /independent variable
(Science Skill 2)
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retrograde motion an apparent
switch in the motion of a celestial
body from eastward to westward
motion, or vice versa, as viewed from
Earth (10.2)

revolution the motion of Earth as it
orbits the Sun at 30 km/s; one full
revolution takes almost a year (12.1)

rotation the motion of Earth as it
spins on its axis from west to east at
1670 km/h; one full rotation takes
almost a day (12.1)

rover a small, sophisticated, robotic
probe designed to land on a planet,
explore and test the surface, and send
information back to Earth (11.3)

LS/

satellite an electronic device put
in orbit around Earth to relay
information (11.3)

scrotum a loose sac of skin that hangs
below the penis and contains the
testes; protects the testes, maintaining
them at a cooler temperature than
the body core (6.3)

series circuit a circuit that has only
one path for current to travel (9.1)

sexual reproduction reproduction
that requires two parents and
produces offspring that are
genetically different from each other,
from either parent, and from any
other member of their species (6.1)

solar prominences large loops of
super-hot gas that extend out from
the Sun’s surface (11.2)

solar radiation energy emitted
from the Sun in the form of
electromagnetic radiation (11.1)

solar wind streams of high-energy
particles ejected by the Sun; when
some of these particles enter Earth’s
atmosphere they cause the auroras,
or the northern and southern lights
(11.1)

space weather conditions produced
by the Sun that have an effect on the
inner solar system, and particularly
on technological devices on or near
Earth; may also affect human health
(11.1)

spectral lines lines that stand out in
the spectral pattern of a star; in an
emission spectrum, lines are bright
with a black background; in an
absorption spectrum, lines are dark
against a continuous spectrum; vary
depending on the atomic elements in
the star (12.1)

spiral galaxy one of three basic
galaxy shapes; a galaxy with many
long “arms” spiralling out from a
centre core made up of stars that
formed long ago (12.2)

spore a reproductive cell that grows
into a new individual by mitosis

(5.2)

star a celestial body of hot gases with
a nuclear furnace at its core that
makes its own thermal energy
(10.1,12.2)

state a property of a substance
describing it as a solid, a liquid,
oragas (1.2)

static charge an electric charge that
can be collected and held very nearly
fixed in one place (7.1)

stem cell a cell that has the potential
to become many different types of
cells; two types of stem cells are
embryonic stem cells and adult stem

cells (6.4)

subatomic particles particles such as
protons, neutrons, and electrons that
are smaller than atoms; the prefix
“sub-” means below (1.3)

sunspots dark patches on the Sun’s
surface that are slightly cooler, about
3500°C, than surrounding arcas
(11.1)

supernova a dramatic, massive
explosion that occurs when a large,
high mass star collapses in on itself
(12.2)

syndrome a particular disease or
disorder with a specific group of
symptoms that occur together (6.4)

o

telescope an instrument that gathers
and focusses light or other types of
electromagnetic radiation to magnify
distant objects (10.2)



testes the male sex glands, which
produce male gametes and release
hormones (6.3)

theory an explanation of an event
that has been supported by
consistent, repeated experimental
results and has therefore been
accepted by most scientists (1.3,
Science Skill 2)

thermal energy heat energy produced
from the burning of fossil fuels (9.4)

thermonuclear reaction the fusion
of two or more atoms to create a
different, larger atom, and a great
deal of energy (11.1)

trait a characteristic that can vary
in size or form from individual
to individual within a species; can
be passed on from generation to
generation (4.1)

transformer an electrical device that
changes voltage (9.4)

transit the passage of a planet
between the Earth and the Sun
(11.2)

transition metals a set of metallic
elements found at the centre of
the periodic table; have a complex
electron arrangement that sets them
apart from other metallic elements
(2.2)

triangulation a technique for
determining the distance to a visible
object by creating an imaginary
triangle between the observer and
the object and then calculating the
distance (12.1)

turbine a cylinder with blades or
paddles; its rotation turns a coil of
wire within a magnet to generate
electricity (9.4)

U

urethra [yoo-REE-thruh] the tube
in the penis through which urine or
sperm passes as it leaves the body
(6.3)

uterus the hollow female
reproductive organ that protects
and nourishes the zygote during
development (6.3)

V)

vagina the tube through which a
baby or an unfertilized egg leaves
the body; passageway through which
sperm reach the cervix (6.3)

Van de Graaff generator a device that
uses friction to produce a large static
charge on a metal dome (7.1)

variable a factor that can influence
the outcome of an experiment
(Science Skill 2)

vas deferens a long muscular tube in
which sperm mix with fluids to form
semen as the sperm move from the
testes to the urethra (6.3)

vegetative reproduction reproduction
in which special cells, usually in
plant stems and plant roots, divide
repeatedly to form structures that
will eventually develop into a plant
identical to the parent (5.2)

volt (V) the unit of potential
difference; one volt causes a current
of one ampere to flow through a
conductor with a resistance of one
ohm (8.1)

voltage the amount of electric
potential energy per one coulomb
of charge at one point in a circuit
compared to the potential energy per
coulomb of charge at another point
in the circuit; also called potential
difference (8.1)

volume the amount of space taken
up by a substance or object, usually
measured in litres (L) or cubic
centimetres (cm?) (1.2)

@

watt (W) a unit of power; one watt is
one joule of energy transformed in
one second (9.2)

white dwarf a stage in the life cycle
of some stars; a celestial body that

Workplace Hazardous Materials
Information System (WHMIS) system
of eight warning symbols used
throughout Canada to provide safety
information about chemicals (1.1)

2]

zodiacal constellations [zuh-DIH-
uh-kuhl KON-stuh-LAE-shuns]
twelve star groups that form the
patterns of the zodiac signs: Aries,
Taurus, Gemini, Cancer, Leo,
Virgo, Libra, Scorpio, Sagittarius,
Capricorn, Aquarius, and Pisces;
twelve stations along the ecliptic
(10.1)

zygote [ZIH-goht] the new diploid
(2m) cell formed by the process
of fertilization; receives half its
chromosomes from its female parent
and half from its male parent (6.1)
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potassium bromide

=

strontium phosphide

[

1. (a) aluminum iodide

(

(
(b) sodium oxide (k) cadmium sulphide
(¢) magnesium phosphide (1) silver oxide
(d) silver iodide (m) cesium sulphide
(e) calcium selenide (n) calcium iodide
(f) potassium sulphide (o) sodium fluoride

(g) rubidium fluoride
(h) silver nitride
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Bold faced numbers correspond to bold faced terms in the text
findicates a figure
t indicates a table

A
Abell (galaxy), 445
absorption spectrum, 430, 4301
acetaminophen, 101
acetate, 230
clectric charge, 232
acetylsalicylic acid, 101
acquired immune deficiency
syndrome. See AIDS
actinides, 58
actinium, 58
action-at-a-distance force, 238
electrons, 263
Activity
action-at-a-distance force, 265
asexual reproduction, 153
astrolabe, using, 374
beak variation (birds), 171
cell cycle, 144
changes of state, 17
chemical changes, 87
chemical name, 80
combining chemicals, 5
conductors, 235
craters, making, 409
current, measuring, 266
detecting static charge, 229
DNA sequence, 123
duckweed, 153
electric circuit, 260
clectric current, generating, 325
electric energy conversions, 315
electrical circuits, 287
electrochemical cell, building, 251
elements, 39
ellipses, 384
embryos, differentiation in, 202
energy transfer, 305
energy transformation in resistors,
305
galaxies, 440
gene mutation, 123
genetic engineering, 108
genetic variation, 171
impact craters, 409
insulators, 235
ionic compounds, names, 80
karotype, analyzing, 207
light-year, 439
magnesium in dilute acid, 87

measuring current, 266
mutation, 123
nucleus as a black box, 114
parallel circuit, 299
planetary year length, 381
pollinator prediction, 191
properties of elements, 39
pushing electrons, 265
resistance, 271
series circuit, 298
sexual reproduction, 171
simple electric motor, 225
skin cells, 138
spectra of stars, 452
static charge and water, 238
static charge, detecting, 229
static electricity, copier, 242
synthesis of oxygen, 73
telescope, building your own, 373
universe, expanding, 440
universe, types of objects, 349
unknown substances, 17
voltmeter, using, 255
water and static charge, 238
adaptive optics, 457
adenine, 115, 115f
Adhara (star), 356f
African violet, 159
AIDS, 120, 124
alchemists, 25
Aldebaran (star), 4501
Aldrin, Edin “Buzz”, 415, 415f
Alexandrium acatenelln, 156, 156f
algae bloom, 134
alkali metals, 52, 52f
electron shell, 63
reactivity, 52
valence electrons, 60, 62
alkaline earth metals, 52, 52, 53
clectron shell, 63
reactivity, 53
valence electrons, 60, 63
Allerdice syndrome, 205
Allerdice, Dr. Penny, 205
Alpha Centauri (star), 437
alpha particles, 27, 27f
Altair (star), 354, 361f
alternating current, 326
alternator, 326
Aludra (star), 356f

aluminum, 19, 21, 21f; 41
corrosion, 90
source of from ores, 46
Alzheimer’s, 120
americium, 21, 53
ammeter, 260, 264, 266, 278
symbol, 264
ammonium nitrate fuel oil, 78
amoeba, 154, 154f
ampere (A), 260, 264
Ampere, Andre-Marie, 264, 2641
amphibian, 136
anaphase, 143f, 146f, 174f
anaphase I, 174, 174f, 176f
anaphase II, 177f
Andromeda galaxy, 437, 437f, 444,
444f
ANFO, 78
angular measurement, 357
animal cells
cytokinesis, 144, 144f
nucleus, 113f
animals, life cycle, 186f
antacid tablet, 70
Antares (star), 450f
Antennae galaxies, 455f
anti-electrons, 32
anti-particles, 32
anti-protons, 32
apple, 160
applications, 90
Aqua Bounty Technologies, 108
Aquarius (constellation), 359, 360f,
361f
Aquila (constellation), 361f
Arcturus (star), 450, 4501
Arecibo Observatory, 408
argon, 53, 53f; 62
reactivity, 65
valence electrons, 62
Aries (constellation), 359, 360f; 361f
Aristarchos of Samos, 368
Aristotle, 24, 30, 368, 368f
Armstrong, Neil, 415, 415f
arrhythmogenic right ventricular
cardiomyopathy (ARVC), 210
asexual reproduction, 107, 134, 152
advantages, 135, 161¢
disadvantages, 135, 161¢
types of, 135, 154
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aspen, 159
aspirin, 77, 101
astatine, 53
asterisms, 354
asteroid belt, 403, 403f
asteroids, 403, 403f
astrobiologists, 408
astrolabe, 371, 374
astronomical unit (AU), 399, 436
astronomy, 350
tools, 389
Atlantic puffin, 186, 187f
Atlantic salmon, 108
genetic engineering, 108
atom, 2, 24, 25, 28, 228, 230
carbon, 28f
discovery of, 30
hydrogen, 29f
radius, 63
atomic mass, 49
silicon, 48f
titanium, 49f
atomic number, 49
titanium, 49f
atomic structure of elements, 37
atomic theory, 7, 24
composition of matter, 6
development of, 25-28
matter, 3
periodic table, 60
Auriga (constellation), 361f
auroras, 393, 394f
avalanche technician, 78
axis, 435

B
bacteria, 155, 160
banana factories, 130
barium, 40¢, 53
Barringer crater, 407f
Bartlett, Neil, 65, 65f
bats, 189
battery, 250, 2501, 251, 252, 259,
2591, 289, 289f
symbol, 262f
bauxite, 46
Bay d’Espoir Generating Facility, 307
Becquerel, Henri, 30
bees, 189, 189f
Colony Collapse Disorder, 193
benzene, 101
beryllium, 40z, 53
Berzelius, Jons, 30
best-fit line, 280
Betelgeuse (star), 450, 450f
Big Bang theory, 426, 428, 430,
431
simulating, 441
Big Crunch theory, 431
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Big Dipper, 353, 354, 355, 355/,
363, 436, 436f
Bighorn Medicine Wheel, 367f
binary fission, 154, 154f, 155, 155f
Binnig, Gerd, 30, 30f
biohazardous infectious material, 12f
bioleaching, 46
biomass energy, 330
birch trees, 168
black bears, 187f
black dwarf star, 447, 448f
black hole, 448, 449/
black spruce, 190, 1907
blood cell, 114
blueberries, 1901
Bohr, Neils, 27, 28, 30, 60, 60f
Bohr-Rutherford diagram, 37, 60,
61, 61f
water, 74
boiling, 17
boiling point, 18¢
ionic compounds, 75
silicon, 48f
boron, 38
Boulengeruln taitanus, 136-137,
137f, 138
Boyle, Robert, 30
Bradley, James, 454
Brahe, Tycho, 376, 377, 377f
brine, 84
bromide, 81¢
bromine, 40z, 51, 53, 53f
Brooks, Harriet, 30, 48
Bruno, Giordano, 371
budding, 156, 160
butane, 83
butterflies
reproduction, 193, 1937
sexual reproduction, 192

C
cactus, 191
calcium, 40z, 41, 52f; 53
calcium carbonate, 75, 75f, 82
calcium chloride, 80
calcium fluoride, 82
calcium nitride, 81#
calendar, 350
Camelopardalis (constellation), 358f
Canada-France-Hawaii Telescope,
419f
Canadarm 1/2, 415, 415f
Canadian Avalanche Association, 78
cancer, 120, 129, 136, 147, 147f,
201
cell cycle, 146
skin, 146, 146f
Cancer (constellation), 359, 360f

Canis Major (constellation), 356f,
361f
Capricornus (constellation), 359,
3601, 361f
carbon, 38, 40z, 41
atom, 28f
carbon black, 77
carbon dioxide, 73
carbon monoxide, 14, 24f; 83¢
Cassini spacecraft, 398f
Cassiopeia (constellation), 354, 354f,
358, 358f
Cat’s Eye Nebula, 4541
catalyst, 73
celestial body, 352
Celestial Pole, 355f
cell, 289, 2897
development, 138
dying, in the process of, 114f
nucleus, 107
nucleus as control centre, 114
replacement, 138
symbol, 262f
cell cycle, 107, 135, 139
cancer, 146
checkpoints, 145, 145f
mitosis, 136
mutation, 147, 147f
plant cells, 148
stages, 139f
stopping the clock, 150
cell membrane, 141f
mitosis, 135
centrioles, 142f
centromere, 142, 1421, 174f
Cepheus (constellation), 358f
Ceres (dwarf planet), 403, 403f
CERN, 441
cervix, 197f, 197t
cesium, 40¢, 52
Chadwick, James, 30
Chandra X-ray Observatory, 459,
460f
charging by conduction, 239
charging by induction, 240
Charon, 403f
chemical bonds, 72
chemical changes, 3, 71, 86, 88
applications, 89, 90
corrosion, 90
energy, 86-87
evidence, 89, 89f
evidence of, 88
natural dyes, 90
natural medicines, 90
products, 88
reactants, 88
traditional products, 90
chemical energy, 261



chemical family, 19, 52
valence electrons, 62
chemical formula, 71, 82
chemical name, 71, 81
chemical properties, 3, 17, 18z
matter, 16, 19
periodic table, 48
chemical symbols, 39
elements, 39
chemical technology, 71
Cheomseongdae, 367f
Chichen Itza, 367f
Chicxulub Basin, 411
chloride, 81¢
chlorine, 38, 40z, 41, 421, 53, 53f
gases, 42
properties, 42
chloroplasts, 141
chromatids, 142, 143f, 173f
chromium, 40¢
chromosomes, 111, 112, 116, 116f,
142, 1421, 143f
characteristic number, 117, 117f
fruit fly, 117f
genes, 118, 1187, 119, 205
homologous, 170, 1731, 174, 174f
humans, 117, 1177
meiosis I, 174, 174f
mitosis, 135
number of, 172
replication, 154
chromosphere, 392f
Churchill Falls Generating Station,
222,312
cigarette smoke, 127
circuit breaker, 296f, 297
circuit diagrams, 249, 262, 266, 278
symbols, 262f
circuits, 223, 249
electrical energy, 284
parallel. See parallel circuits
series. See series circuits
clone bank, 153
cloning, 108, 135, 152, 208, 208f,
209, 2097
DNA, 208
reproductive, 208
therapeutic, 209
cobalt, 40z, 53
atomic mass, 49
cold light, 86
Colony Collapse Disorder (CCD),
193
colour, 18¢
combustibility, 16, 18¢
combustible material, 12f
combustion, 89, 897
electrical energy, 89
energy, 89

heat energy, 89
mechanical energy, 89
Comet Shoemaker-Levy 9, 404, 404/
comets, 352, 404, 405, 405f
orbit, 359
compact fluorescent bulb, 306f, 317
compounds, 2, 3, 71, 72
formulas, 80
names, 80
compressed gas, 12f
computer chip, 260, 265
concept map, 342
condensation, 88
conduction, 238, 239, 2397
conductivity, 18#, 39, 41, 51¢
ionic compounds, 75
mercury, 42, 42f
silicon, 43
silver, 43
transition metals, 53
conductors, 228, 232, 235
constellations, 351, 354
circumpolar, 359
seasonal, 360, 360f
contact forces, 238
convection, 244
conventional current, 249, 264
Copernicus, Nicolas, 371, 371f
copper, 18, 19, 38, 40z, 53
corrosion, 90, 90f
detection of, 76
electric charge, 232
patina, 90
source of from ores, 46
synthesis of, 76
copper oxide, 46
copper sulphate, 90
copper sulphide, 46
Core Lab
chemical properties, 20
electrical conductivity, 20
lustre, 20
magnetism, 20
malleability, 20
physical properties, 20
reactivity, 20
yeast reproduction, 162-164
corn, 158
corona, 392f
corrosion, 100
corrosive hazard, 12f
corrosive material, 12f
cosmetics, 101
Cosmic Background Explorer
(COBE) satellite, 432
cosmic background radiation, 432
cosmological red shift, 430
coulomb, 228,232, 252
covalent compounds, 71, 72, 73

gases, 75
ionic compounds, 75
liquids, 75
prefixes in naming, 83¢
rules for naming, 83, 83#
solids, 75
Crick, Francis, 204
Crookes, William, 30
crop plants, 158
crude oil, 75, 75f
crystallization ponds, 84
Curie, Marie, 30, 38
Curie, Pierre, 38
curium, 38
current, 248, 249, 264, 264f, 270,
278, 285
line graph, 280
parallel circuit, 290f; 292, 292f
resistance, 272
series circuit, 289, 289f
current electricity, 249, 260, 263
static electricity, 263
cutting, 159
Cygnus (constellation), 361f
cystic fibrosis, 126, 126f, 128f, 201
cytokinesis, 136, 139, 1391, 144,
144f,177f
animal cells, 144, 144f
plant cells, 144, 144f
cytosine, 115, 115f

D
daffodill, 158
Dalton, John, 25-26, 30
dangerous container, 12f
dangerous product, 12f
daughter cell, 142
de Broglie, Louis, 30
de Coulomb, Charles Augustin, 232,
239
Deep Impact space probe, 405, 405f
Democritus, 24, 30
Deneb (star), 354, 361f
density, 16, 18z
silicon, 48f
deoxyribonucleic acid. See DNA
DeSilva, Ashanti, 127f
Dextre, 415
diabetes, 120
dihydrogen monoxide, 83
dinoflagellate, 156, 156f
dinoflagellates, 134
dioxins, 4
diploid, 172, 172f
direct current, 326
Discovery space shuttle, 426
dissolving, 88
DNA, 112,115
base pairs, 115
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cloning, 208
discovery of structure, 204
form of, 116
model of, 115f
molecule, 115
nucleus, 116, 116f, 141, 141f
proteins, 116
replication, 140, 1401
structure of, 115f, 204
DNA replication, 173f
meiosis, 173, 173f
Dolly, 209
Dominion Radio Astrophysical
Observatory, 348, 349f
double helix, 115, 115f
Down syndrome, 201, 207, 207f
karotype, 207f
Draco (constellation), 358f
dry cells, 253, 2537
duckweed, 153
ductility, 18, 41, 51¢
silver, 43
transition metals, 53
dwarf planet, 403

E
carly prophase, 142f
Earth, 347, 380, 380f
core chemicals, 94
orbit, 359
profile, 400
ecliptic, 359
Edison, Thomas, 286
Edwards syndrome, 207
efficiency, 314, 316
calculating, 318, 319
egg, 192, 192f
egg cells, 172, 172f
electric charge
acetate, 232
copper, 232
measurement of, 232
electric circuit, 260, 260f, 261f, 288
components, 262
conductor, 262
diagrams, 262
load, 262
source, 262
switch, 262
symbols, 262f
electric current, 223, 248, 249, 260,
264
electric eel, 258, 258f
electric fish, 258
electric force, 223, 238, 239
electric load, 261
electric potential energy, 223, 251,
260
electrical conductivity, 19
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electrical efficiency, 314, 316
electrical energy, 250, 285, 304
circuits, 284
combustion, 89
environment, 329
generating, 326
home, in the, 314
production in Canada, 329f
production of, 285
sources of, 254, 254¢
transmitting, 326
electrical potential energy, 250
electrical power, 306
electrical resistance, 270, 273
determining, 274
electrical surges, 311
electricity, 229
characteristics of, 222
energy, 223
environment, 223, 324
magnetism, 325
paying for, 309
power, 304
power of, 223
clectrochemical cells, 250, 2501, 253
clectrodes, 253
electrolytes, 253
clectromagnetic radiation, 429, 429f
electromagnetic spectrum, 460f
electron shells, 60, 60f
electron transfer, 226, 230
electrons, 24, 26, 28t, 29, 29f, 32,
228,230
action-at-a-distance force, 263
mass, 28
valence. See valence electrons
electroscope, 227,229, 237
clements, 2, 3, 16, 25, 36, 38,70
atomic structure, 37
chemical symbols, 39
classification, 37
properties, 37, 39
elliptical galaxy, 445, 446f
embryo, 172, 180
internal development, 186
embryo screening, 201
embryonic stem cells, 150, 209
emission spectrum, 430
Empedocles, 24
EnerGuide label, 320, 320f
energy, 251, 285
chemical changes, 86-87
combustion, 89
electricity, 223
physical changes, 86-87
resistance, 276
energy consumption, 285, 307
calculating, 308
energy conversions, 316

energy levels, 24, 27, 28, 29, 60,
60f
energy shells, 27, 28f
Energy Star, 320f
environment
electrical energy, 329
electricity, 223, 324
mutagens, 127
Enviropig, 109, 109f
enzymes, 119
epicycle, 370f; 371
Eratosthenes of Cyene, 369
Eris (dwarf planet), 403, 403/
ethanol, 77
cthene gas, 891
cthics, 463
cukaryotic organisms, 154
evaporation, 88
evaporation process for salt, 84
exoskeleton, 192, 193
explosive hazard, 12f
extraterrestrial life, 408

F
fallopian tube, 197f, 197¢
Faraday cage, 268
Faraday, Michael, 30, 268, 268f, 325
female
karotype, 2061
reproductive system, 197, 197f
Fermi Gamma-ray Space Telescope,
459, 4601
Fermi, Enrico, 408
ferns and fertilization, 184, 184f
fertilization, 172, 172f; 175, 180,
182
external, 183, 184-185
ferns, 184, 1847
gametes, 183-185
humans, 186
internal, 183, 186-187, 186f
methods of, 183
moose, 186
mosses, 184f, 185f
salmon, 183-184, 184f
whales, 186
fetal development, 198-199
fetus, 198
Feynman, Richard, 30
Finnegans Wake, 32
fire, 86, 86f
fire alarm, 107
fire extinguisher, 111
fireflies, 120
fireworks, 16, 16f, 17, 88, 88f
first trimester, 198, 198f, 199¢
flammable hazard, 12f
flammable material, 12f
flowering plants



reproduction, 188
sexual reproduction, 188, 188f

fluoride, 81¢

fluorine, 40, 53, 53f

force, 238

formulas, chemical. See chemical
formulas

fossil glow, 433

fragmentation, 156, 157, 157f

francium, 52, 59

Franklin, Benjamin, 229, 229f; 236,
264

Franklin, Rosalind, 204

fraternal twins, 179

freefall, 418

freezing, 88

fruit bats, 189

fuel cells, 333, 334

fungi, 160

fuse, 296

fusion, 447

G

galactic cannibalism, 446

galaxies, 347, 348, 426, 428, 444
number of, 445
shapes of, 445446

Galilean Moons, 372

Galilei, Galileo, 372, 398

Galileo (spacecraft), 413

Galvani, Luigi, 252

gametes, 170, 172
female, 175, 175f, 180
fertilization, 183-185
formation, 175
male, 175, 175f, 180
role of, 172

gamma rays, 127, 429f, 457, 458,
458f, 460f

garlic, 158

gases, 40z
chlorine, 42
covalent compounds, 75

Geiger, Hans, 30

Gell-Mann, Murray, 30

Gemini (constellation), 359, 360f,
3617

gene mutations, 122
correcting, 127
effect of, 124
negative, 124, 125, 125f
neutral, 126
positive, 124, 125f

gene therapy, 122, 127, 127f, 128,
129
white blood cells, 129

gene transfer procedures, 120

generators, 254z, 324, 326

genes, 111, 112, 118, 204

chromosomes, 118, 118f, 119, 205
glowing, 120
human, 205
mice, 205
pigs, 205
genetic changes, 107
genetic disorders, 169
genetic diversity, 169, 171, 205
genetic engineering, 106, 108
Atlantic salmon, 108
genetic screening, 201
genetics, 204
genome, 117, 205
geocentric, 368
geomagnetic storms, 393
geosynchronous orbits, 417
geothermal energy, 330
giploid, 173f
Giza (pyramid), 367f
glass, physical properties, 18, 18f
glow sticks, 86
glucose, 83
goats, 182
gold, 18, 19, 21, 21f, 26f, 38, 40z,
43,53, 061
grafting, 160, 160/
grasshoppers, sexual reproduction,
192
gravitational force, 239
gravity, 378, 444
Great Nebula, 434f
ground wire, 297, 297f
grounding, 234
grounding terminal, 297
guanine, 115, 115f
Guggenheim Museum, 21

H
Halley’s Comet, 405, 405f, 406f
Halley, Sir Edmund, 399
halogen bulbs, 316
halogens, 52, 521, 53, 53f
electron shell, 63
reactivity, 53
valence electrons, 60, 62
haploid, 172, 172f, 173f
Haumea (dwarf planet), 403
hazard symbol, 12
Health Canada, 108
heat energy and combustion, 89
Heisenberg, Werner, 30
heliocentric, 368
helium, 40z, 52, 53, 62
applications, 66, 66f
liquid, 66
source of, 66
supercooling, 66
uses of, 66, 66f
valence electrons, 62

hemoglobin and mutations, 125,
125f
Henry, John, 325
hepatitus B, 130
vaccines, 130
heredity, 112, 113
Herschel, William, 379
hexaploid, 178
high mass stars, 448
high-power transmission lines, 222f
Hipparchus of Rhodes, 356
Hipparcos space probe, 439
HIV, 124, 124f
Holyrood Generating Station, 331f
Holyrood Thermal Electric
Generating Station, 313
homologous chromosomes, 173f,
174, 174f
hormones, 119, 159, 159f
horses, 182
house fires, 14
Hoyle, Fred, 431
Hubble Space Telescope, 356f, 398f,
419, 426, 455, 457, 458, 458,
4601
Hubble, Edwin, 428, 430, 431
human
development, 198-199
fertilization, 186
genes, 205
reproductive system, 196-200
Human Genome Project, 117
human immunodeficiency virus. See
HIV
human reproductive systems, 107
Humble Space Telescope, 421
Huntington disease, embryonic
screening for, 201
hyacinth, 158, 158f
hybrid vehicles, 224, 225, 225f
hydra, 156, 156f
hydrochloric acid, 87
hydroelectric, 327
hydroelectric generating station, 327f
hydroelectricity, 330
hydrogen, 38, 40z, 51, 52
atom, 29f
electron shell, 62
properties, 41
hydrogen peroxide, 73
hygiene products, 101

1

ibuprofen, 101

identical twins, 179
induced current, 326
induction, 238, 240, 240f
industrial chemicals, 101
industrial electrician, 312
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infectious material, 12f
infrared, 457, 458, 458f
infrared radiation, 429f; 4601
insects, sexual reproduction, 192
insulator, 228, 232, 235
Integrated Research Investigation
asteroids, 473
generating electrical energy, 341-
342
reproductive technology, 217
interferometer, 454
interferometry, 420
interkinesis, 176f
intermediate mass stars, 447
International Astronomical Union,
354
International Space Station, 412f,
414, 414f, 418
International Union of Pure and
Applied Chemistry (IUPAC), 81
interphase, 136, 139, 139f, 141f,
173f
interstellar matter, 444
Investigation
asteroids, 473
astroscan telescope, 410
cell cycle, plant cells, 148-149
changes in matter, 92
chemical changes, 92, 93
copper, detection of, 76
copper, synthesis of, 76
cost of space exploration, 465
dissecting microscope, 31
electric circuit, modelling, 267
electrochemical cell, 256-257
flaming metal ions, 64
fruit battery, 256-257
generating electrical energy, 341-
342
hydrogen, burning, 4445
hydrogen, generating, 4445
matter, changes in, 92
meiosis compared to mitosis, 176—
177
metal ions, flaming, 64
mitosis compared to meiosis, 176—
177
Ohm’s law, 278-279
planetary distances, 382-383
pop test, 4445
potential difference, 256-257
power, current view of, 311
reproductive technology, 217
resistors, 278-279
resistors in parallel, 300- 301
resistors in series, 300
size of planets, 382
sky, observing the, 362
slivers of silver, 31
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solar system, 382
space exploration, cost of, 466
space station, designing, 422—423
star size, 451
static electricity, 243
sunspots, investigating, 395
vitamin C, detecting, 91
iodide, 81¢
iodine, 40z, 53f, 53
ionic compounds, 71, 72, 74
boiling point, 75
conductivity, 75
covalent compounds, 75
examples, 81
formula, 81
melting point, 75
name, 81
rules for naming, 82z
solids, 75
ionic lattice, 74
iron, 18, 19, 38, 40¢#, 53
ductility, 41
properties, 41
rust, 41
strength, 41, 411
irregular galaxy, 446, 446f
isotopes, 49
neutrons, 49f
protons, 49f

J

James Webb Space Telescope, 456f,
459

Japanese knotweed, 157, 157f

joule (J), 304, 306, 309

Joule, James Prescott, 306

Joyce, James, 32

junction point, 292

Jupiter (planet), 354, 379, 3791,
380, 3801, 398
profile, 400

K
karotype, 206, 2061, 207, 207f
Down syndrome, 207f
female, 206f
male, 206f
Keck Telescope, 457
Kepler, Johannes, 376, 376f, 384
kermode bear, 122, 123
killer bamboo, 157, 157f
kilowatt-hour (kW.h), 309
kinetic energy, 249
krypton, 53, 62
valence electrons, 62
Kuiper Belt, 404

L
lanthanides, 58

larva, 193, 193f
late prophase, 142f
Lavoisier, Antoine, 30
law of planetary motion, 351
laws, 25
laws of static charge, 239
lead, 4, 21, 21f; 26f, 40z
Lemaitre, Georges, 431
Leo (constellation), 354, 354f; 359,
3601, 361f
Leyden jar, 236
Libra, 359, 360f
life cycle of animals, 1861
light, speed of, 436, 454
light emitting diodes, 317
light-year, 436
lightning, 226, 226f, 228, 268
ground, 234, 234f
intra-cloud, 244
visualizing, 244, 244f
linen, 77
Lippershey, Hans, 419
liquid crystal display (LCD), 22, 22f
liquid crystals, 22
liquids, 40z
covalent compounds, 75
mercury, 42
lithium, 40z, 52
lithium chloride, 81¢
lithium nitride, 82
Little Dipper (constellation), 358,
358f
lizards, 136
llamas, 170, 170f
load, 270, 271
parallel circuit, 286
series circuit, 286
low mass star, 447
luciferaze, 120
lumens, 317
lunar eclipse, 368, 3687
lunar rover, 398
lustre, 18z, 39
silicon, 43
Lyra (constellation), 361f

M
magnesium, 40z, 52, 53
magnesium bromide, 82¢
magnesium sulphide, 81z
magnetic force, 239
magnetic resonance imaging, 66
magnetism, 18z 39, 53
electricity, 325
magnitude of star, 356
Makemake (dwarf planet), 403
male
karotype, 206f
reproductive system, 196, 196-200



mallard duck, 186, 187f
malleability, 18#, 19, 41, 51¢
silver, 43
transition metals, 53
mammals, 196
manganese, 40z
Manicouagan crater, 407f
Mars (planet), 354, 379, 379f, 380,
380f
orbit, 359
profile, 400
Mars rover, 398
mass, 16, 28
clectrons, 28
neutrons, 28
proton, 28
mass number, 49
Material Safety Data Sheet. See
MSDS
mating, 182
matter, 16
atomic theory, 3
behaviour, 6
chemical properties, 7, 16, 19
composition, 6
investigating, 16
physical properties, 7, 16
visualizing, 21
Matthews, Dr. Jaymie, 421f
McGill University, 27
mechanical energy and combustion,
89
medicines, 101
meiosis, 107, 168, 169, 170, 173,
180
DNA replication, 173, 173f
meiosis I, 173, 174, 174f, 175
chromosomes, 174, 174f
meiosis 11, 173f, 174, 175
melanoma, 129
melting, 17, 88
melting point, 18¢
ionic compounds, 75
silicon, 48f
Mendel, Gregor, 204
Mendeleev, Dmitri, 30, 48, 48/
mercury (metal), 38, 40¢, 421, 51
conductivity, 42, 42f
liquid, 42
properties, 42
Mercury (planet), 354, 379, 3791,
380, 380f
orbit, 359
profile, 400
metalloids, 37, 51, 51¢
periodic table, 51f
metals, 37,41, 51, 51¢
periodic table, 51f
sources of, 46

metamorphosis, 192
complete, 193
incomplete, 192
stages of, 193f
metaphase, 143f, 174f
metaphase 1, 174, 174f, 176f
metaphase 11, 177f
meteorite impact crater, 407, 407f
meteorites, 406
meteoroids, 406
meteors, 406
methyl mercury, 4
mice and genes, 205
Michael Smith Genome Sciences
Centre, 181
Michelson, Albert, 454
micro-organisms, 160
microwave radiation, 432
microwaves, 49, 429f; 4601
Milky Way, 346, 349, 352, 428, 445
milliamperes, 264
mining of salt, 84
Mirzam (star), 356f
mitochondria, 141
mitosis, 107, 134, 139, 1391, 142,
142f, 160, 172f, 174f
cell cycle, 136
cell membrane, 135
chromosomes, 135
nucleus, 135
radiation, 146f
mixtures, 71
molecule, 73
Mona Lisa, 6
Moon, 352, 402
phases of, 350
moons, 402
moose, 182, 182f
fertilization, 186
Morley, Edward, 454
Moseley, Henry, 30
mosses and fertilization, 184, 184f,
1857
MOST telescope, 421
moulting, 192, 192f, 193
MSDS, 13
multimeter, 274
mutagens, 127, 146
environment, 127
radiation, 146
UV light, 146
viruses, 146
X rays, 146
mutations, 107, 111, 122, 146
cell cycle, 147, 147f
correcting, 127
effect of, 124
hemoglobin, 125, 125f
negative, 124, 125f

neutral, 126
positive, 124, 125, 125f

N
names, chemical. See chemical names
nanotechnology, 265
nanotube, 36
National Aeronautics and Space
Administration (NASA), 432
natural products, 101
nebulae, 426, 434, 448f
negative, 229, 264
negative charge, 230
neodymium, 38
neon, 40¢, 53, 62
valence electrons, 62
Neptune (planet), 379, 380, 380f
profile, 401
nerve cells, 110, 110f
neurons, 110, 110f
neutral, 230
neutrino, 32
neutron star, 448f
neutrons, 24, 27, 28z, 32
isotopes, 49f
mass, 28
New Horizons probe, 318
Newton, Sir Isaac, 30, 376, 378,
378f
nickel, 40z, 53
atomic mass, 49
nitride, 81#
nitrogen, 29, 40z, 41
noble gases, 52, 52f; 53
compounds with, 65
electron shell, 63
reactivity, 53
stability, 62
valence electrons, 60, 62, 63
Nollet, Jean, 229
non-metals, 37, 41, 51¢
periodic table, 511
non-renewable, 331
North Star, 355, 355, 358, 358f
northern lights, 393, 394f
nuclear energy, 327, 331
nuclear generating station, 327f
nuclear membrane, 141f, 142f
nucleolus, 141f
nucleus, 24, 27, 29, 291, 32, 107,
110,113, 113f
animal cells, 113/
cell, 107
cell division, 111
cell function, 111
cell growth, 111
control centre of the cell, 114
DNA, 116, 116f, 141, 141f
mitosis, 135

Index ¢ MHR




plant cells, 113f
nylon, 77
nymph, 192, 192f

0]
observatories, ancient, 367, 367f
octoploid, 178
ohm (Q), 270, 273
Ohm’s Law, 223, 248, 270, 273
Ohm, Georg, 272, 272f
ohmmeter, 274
onion, 158
Oort Cloud, 404
opal, 43
Opportunity rover, 419, 4197
optical telescopes, 419
orbits, 376
satellites, 417
orchids, 191
ore, 46
organelles, 113
Orion (constellation), 354, 354f,
361f, 365
Oscillating theory, 431
ovary, 1971, 197t
oviduct, 197f, 197¢
ovules, 188
owls, 170, 170f
oxide, 81¢
oxidizing material, 12f
oxygen, 38, 40z
properties, 41
reactivity, 41, 41f

P
Pacific electric eel, 258
paints, 101
parallax, 437
parallel circuit, 223, 285, 286, 290,
291, 294+
application, 295
current, 290f, 292, 292f
load, 286
resistors, 286, 292f, 293
voltage, 290f, 292
paralytic shellfish poisoning, 134
parent cell, 142
Parkinson’s, 120
payload, 413
peacocks, 187
Pegasus (constellation), 3611
penis, 196, 196t
pentaerythritoltetranitrate, 78
Penzias, Arno, 432
period, 52
periodic table, 3, 37, 48, 49, 507,
56-57
atomic theory, 60
chemical properties, 48

MHR e Index

metalloids, 51f
metals, 51f
non-metals, 51f
peculiar, 58
PETN. See
pentaerythritoltetranitrate
petroleum, 77
Petty Harbour Hydroelectric
Generating Station, 313
Phiuchus, 360f
phosphide, 81z
phosphorus, 40z, 41
photo-electrochemical cells, 254¢
photocopier, 241, 241f
photosphere, 392f
physical changes, 3, 71, 86, 88
energy, 86-87
physical properties, 18, 18#
glass, 18, 18f
matter, 16
piezoelectric crystals, 254¢
pigs, genes, 205
Pisces (constellation), 359, 360f,
361f
pistil, 188
Planck, Max, 30
planetismals, 434
planets, 351, 354, 399
inner, 389
outer, 389
plant cells
cell cycle, 148
cytokinesis, 144, 144f
nucleus, 113f
plasma state, 41
plastics, biodegradable, 77
platinum, 18
Pluto (dwarf planet), 403f, 403
poisonous hazard, 12f
poisonous material, 121
Polaris (star), 355, 355f; 358, 358f
pollen, 188, 188f, 1891, 190
transport, 189
pollination, 188, 188/
pollinators, 189
pollution, 3, 127
polonium, 38
polyatomic ion, 82
polyester, 77
polyploidy, 178
positive, 229, 264
positive charge, 230
potassium, 40z, 52
Bohr-Rutherford diagram, 61, 61f
potassium oxide, 81¢
potato, 158, 158f
potential difference, 252
potential energy, 252
potential energy, 223, 249, 251, 284

potential difference, 252
power, 285, 306, 308
electricity, 304
power rating, 285, 307
prefixes, 273
pregnancy, 200
signs of, 200
pressure, 94, 94f
Priestley, Joseph, 30
printing ink, 77
probe, 418
products, 88
Project
corrosion, 100
finding the best battery, 340
genetics, 216
mining town on the Moon, 472
stem cells, 216
propane, 83
prophase, 142f, 174f
prophase I, 174, 174f, 176f
prophase I, 177f
protactinium, 58
proteins and DNA, 116
protons, 24, 27, 28t, 32, 228, 230
isotopes, 491
mass, 28
protoplanet hypothesis, 435f
protostar, 447, 447f
protractor, 357
Proust, Joseph Louis, 30
Proxima Centauri (star), 454
Ptolemy, 369, 369, 371
pupa, 193, 193f
pure substances, 38, 72
pyrotechnics, 17
Pythagoras, 432

Q

qualitative properties, 18, 18¢
quantitative properties, 18, 18#
quarks, 32, 441

quartz, 43

quasar, 449

R
RADARSAT 1/2,417f
radiation, 127

mitosis, 146f

mutagens, 146
radio telescopes, 420, 4201
radio waves, 429, 429f, 457, 458,

458f, 460f
radium, 38, 48, 53, 58
radon, 48, 53, 62

reactivity, 65

valence electrons, 62
raisin bun model, 26
reactants, 88



reactive material, 12f
reactivity, 16, 18z, 41
alkali metals, 52
alkaline earth metals, 53
argon, 65
halogens, 53
noble gases, 53
radon, 65
xenon, 65
recombinant DNA, 120
red blood cells, 114, 125, 125f
red dwarf stars, 447, 448f
red giant star, 447, 448f
red shift, 429
analysis, 429
cosmological, 430
red tide, 134
reflecting, 457
reflecting telescope, 378, 419, 457
reflectivity of silver, 43
refracting telescope, 373, 419
remote sensing, 417
renewable, 330
replication, 140, 1407
reproduction, 106, 108
asexual. See asexual reproduction
flowering plants, 188
sexual. See sexual reproduction
reproductive system
female, 197, 197f
human, 196-200
male, 196, 196-200
resistance, 223, 248, 249, 270, 2717,
279, 285
current, 272
determining, 274
energy, 276
resistors, 275, 275
colour code, 277, 277f, 277t
parallel circuit, 286, 292f, 293,
293f
series circuit, 286, 290
symbol, 275f
retrograde motion, 369, 370f
revolution, 435
rhizomes, 157
rice, 158
Rigel (star), 356f, 450f
road salt, 80, 80f
robotic cockroach, 302
robotic devices, 418
rock salt, 80, 80f
rockets, 413, 413f
Rohrer, Heinrich, 30, 30f
Romer, Ole, 454
rootstock, 160, 160f
rotation, 435
rovers, 418
rubidium, 40¢, 52

rust, 89, 100
iron, 41

Rutherford, Ernest, 26, 27, 30, 48,
60

S

Sacrey, Tim, 312
safe lab procedures, 9
safety, 3, 8
guidelines for labs, 13
rules for the science lab, 10-11
Sagan, Carl, 446
Sagittarius, 359, 360f
Saint Mary’s University, 453
salmon, 106, 106f; 108
fertilization, 183-184, 184f
salt, 74, 75
mining, 84
visualizing, 84
satellites, 402, 416, 4161, 417
orbit, 417
Saturn (planet), 354, 379, 379f,
380, 3801, 398f
profile, 401
Sawicki, Dr. Marcin, 453
scanning tunnel microscope, 30f
scion, 160
Scorpius (constellation), 359, 3601,
436
scrotum, 196f, 196¢
sea salt, 80, 80f
sea star, 157, 157f
sea urchin, 43, 180, 180, 181, 181f
Seaborg, Glen, 61
second trimester, 198, 199, 199¢
selenide, 81¢
semiconductor, 43
series circuit, 223, 285, 286, 288,
294t
application, 295
current, 289, 289f
load, 286
resistors, 286, 290
voltage, 289, 289f
service panel, 296, 2961
sexual reproduction, 107, 168, 169,
170, 180, 182
advantages, 169, 194, 194z
butterflies, 192
disadvantages, 169, 194, 194f
flowering plants, 188, 1887
grasshoppers, 192
insects, 192
types of, 135
sheep, 182
sickle cell gene, 125, 125f
silicon, 38, 41, 43f
atomic mass, 48f
conductivity, 43

density, 48f
lustre, 43
melting point, 487
properties, 43
silicon tetrachloride, 83¢
silk, 77
silver, 18, 19, 38, 40¢z, 43f, 53
conductivity, 43
ductility, 43
malleability, 43
properties, 43
reflectivity, 43
silver fluoride, 81¢#
Simon Fraser University, 181
Sirius, 356f, 361f
sister chromatids, 142, 142, 143f,
173f
skin cells, 136, 136f
Skylab, 463
slope, 280
smelting, 76
smoke detector, 21f
snakes, 136
soap, 90
sodium, 38, 40z, 42, 52
melting point, 42
properties, 42
reactivity, 42, 42f
sodium chloride, 74, 74f, 75, 75f,
80, 81, 82
sodium citrate, 70
sodium phosphide, 82
Sojourner Rover, 21, 21f
Solar and Heliospheric Observatory
(SOHO), 391f
solar eclipse, 352
solar energy, 330, 333, 333f
solar panels, 254 ¢
solar prominence, 392f
solar radiation, 391
solar system
characteristics, 398
characteristics of, 347
formation of, 442
origin of, 434, 435
scale of, 379
visualizing the formation of, 442
solar wind, 393, 393f
solids, 40¢
covalent compounds, 75
ionic compounds, 75
solubility, 18¢
southern lights, 393, 394f
space debris, 463
space exploration, 346, 347, 388,
412, 456, 461
benefits of, 461
risks, 462
space junk, 462

Index ¢ MHR




space probes, 398, 418
space shuttle, 414, 4141
space suits, 416
space travel, 415, 464
space weather, 394
spectral lines, 430
spectroscope, 429
sperm, 196
sperm cells, 172, 172f
sperm whales, 182, 183f
spindle fibres, 142f; 174f
spiral galaxy, 445, 446f
Spirit rover, 419
Spirit Bear, 122, 123, 126
Spitzer Space Telescope, 459f, 460f
sponges, 156, 156f
spores, 160, 1611
Stadium Corral, 2
stamen, 188
star, 347, 349, 351, 352, 444, 446
birth of, 446
evolution, 447
magnitude, 356
movement of, 358, 358f
observing, 352
size of, 450, 450f
star chart, 356f
state, 18¢
static charge, 223, 226, 228, 228f
application, 241
generating, 233
laws of, 227, 239
transfer of, 227
types of, 227
static electricity, 249
applications, 233
current electricity, 263
dangers of, 234, 234f
Stellar Collision theory, 434
stem cells, 150, 198, 209
Stonchenge, 367f
strain gauge, 302
strawberry, 158, 158f
Streptococcus, 155
strong force, 32
strontium, 40¢, 53
subatomic particles, 7, 28, 28¢
sucrose, 83
sugar, 72, 72f, 83, 115
sulphide, 81z
sulphur, 40z, 41
Summer Triangle, 361f
Sun, 347, 349, 352, 389, 390
features of, 391, 392, 392f
size of, 450, 450f
sunspots, 392f
super-collider, 441
superactinides, 58
superconductors, 277

MHR e Index

supergiant star, 448f
supernova, 448, 448f, 449
switch, symbol, 262f
syndromes, 207

T
T cell, 124f
T-lymphocytes, 129
table salt, 74, 75, 80, 80f, 84
tanning hides, 90
Targa (road rally), 224
Tasmanian tiger pup, 152, 153f
Taurus (constellation), 359, 360f,
361f
Tay-Sachs disease, 201
telescopes, 372, 457
reflecting, 378
refracting, 373
space, in, 457458
telomerase, 150
telomeres, 150, 150f
telophase, 143f
telophase I, 176f
telophase 11, 177f
testes, 196f; 196¢
tetraploid, 178
texture, 18¢
theories, 25
thermal energy, 327
thermal generating station, 327f
thermocouples, 254¢
thermonuclear reaction, 390
Think About It
asexual reproduction compared to
sexual reproduction, 194
charge transfer, 231
circuit diagrams with resistors, 276
circuit diagrams, drawing, 263
constellation, building a 3-D, 363
constellations, 353
cost of electricity, 310
drawing circuit diagrams, 263
electrical resistance, calculating, 275
electricity, cost of, 310
electron transfer, 231
energy conservation, 322
energy levels, 61
energy shells, 61
gases, 54-55
gene therapy, 129
Jovian planets, 402
liquids, 54-55
parallel circuit, 291
periodic table, 49, 54-55
research an element, 45
resistance, calculating, 275
resistors, circuit diagrams with, 276
series circuit, 288

sexual reproduction compared to
asexual reproduction, 194
solids, 54-55
source of electrical energy, 330
space exploration, 413
space exploration careers, 465
telescope technology, 465
terrestrial planets, 402
third trimester, 199, 199, 199¢
Thirty Meter Telescope, 457
Thomson, J. J., 26, 30
thorium, 58
thrust, 413
thymine, 115, 115f
tin, 40z
titanium, 21, 21f; 40z
atomic mass, 491
atomic number, 49f
toxicity, 18¢
toxins, 134
traits, 112, 112f
coded information, 118
trans-Neptune objects, 404
transformers, 327, 327, 328
transgenic organisms, 120
transit, 399
transition metals, 52, 52f; 53
chemical properties, 53
conductivity, 53
ductility, 53
malleability, 53
physical properties, 53
properties, 53
transmission lines, 284
triangulation, 438, 438f
triploid, 178
tulip, 158
tumour, 147, 147f
tumour cells, 120
tungsten, 21, 21f
turbine, 326
twins, 179

U
ultraviolet radiation, 429f, 457, 458,
458f, 4601
universe
early models, 366
formation of, 426
major components, 426
models of, 347
University of British Columbia, 421
uranium, 29
Uranus (planet), 379, 380, 380f
profile, 401
urethra, 196f
Ursa Major (constellation), 353,
358, 358f, 361f
stories about, 364



Ursa Minor (constellation), 358,
358f

uterus, 197, 1971, 197¢

UV light and mutagens, 146

UV rays, 127

A%
vaccines, hepatitus B, 130
vagina, 197, 1971, 197t
valence electrons, 60
alkali metals, 60
alkaline earth metals, 60
chemical families, 62
halogens, 60
noble gases, 60, 62
Van de Graff generator, 233, 233f,
247
Van de Graft, Robert, 233
vas deferens, 196f, 196¢
Vega (star), 354, 361f
vegetative reproduction, 158
Veneraprobes, 418
Venn diagram, 169
Venus (planet), 354, 379, 379, 380,
380f
orbit, 359
phases, 372
profile, 400
Very Large Array observatory, 420,
4201
Virgo (constellation), 359, 360f, 449
viruses as mutagens, 146
viscosity, 18¢
visible light, 429, 429f
vitamin C, 91
volt (V), 252
Volta, Alessandro, 252, 252f
voltage, 223, 248, 249, 250, 252,
270, 278, 285
line graph, 280
parallel circuit, 290f, 292
producing, 253, 253f
series circuit, 289, 289f
voltaic pile, 252f
voltmeter, 252, 255, 278
symbol, 262f
volume, 16
Voyager 1/2 probes, 418, 418f
VY Canis Majoris (star), 450

w

water, 3,41, 73, 83
Bohr-Rutherford diagram, 74

water filtration, natural, 5

Watson, James, 204

watt (W), 304, 306

Watt, James, 306

wet cells, 253, 253f

whales and fertilization, 186

wheat, 158
white blood cells, 129
gene therapy, 129
white dwarf star, 447, 448f
white kermode bear, 122
WHMIS, 8§, 12
symbols, 12f
Wilkins, Maurice, 204
Wilkinson Microwave Anisotropy
Probe (WMAP), 433, 433f
Wilson, Lee, 5, 5f
Wilson, Robert, 432
wind energy, 330, 331, 331f, 332
wind farm, 331
wind farms, 332f
wind turbine, 331, 331f
Winthrop, John, 399
woolly mammoth, 122
work, 252
Workplace Hazardous Materials
Information System. See WHMIS

X
Xrays, 21, 127,429, 429f, 457,
458, 4581, 4601
mutagens, 146
xenon, 53, 62
reactivity, 65
valence electrons, 62

Y

yeast, 156f

yeast cell, 156

Young, Dr. Terry-Lynn, 210

Z
zero gravity, 418
zinc, 40¢
corrosion, 90
zodiacal constellations, 359
zygote, 172, 172f, 180

Index ¢ MHR




- Photo Credits

UNIT 1

p- 2: Reprint Courtesy of International Business Machines
Corporation copyright (year) (c) International Business Machines
Corporation; p. 3 top: Michele Burgess/Index Stock Imagery,
middle: David Luzzi, Univ. of Pennsylvania / Photo Researchers,
Inc.; bottom: © 1990 Paul Silverman, Fundamental Photographs,
NYC; p. 4: left: Robert Brook / Photo Researchers, Inc., right:

© Charlie Munsey/CORBIS; p. 5: Courtesy of the University of
Saskatchewan; p. 6: Michele Burgess/Index Stock Imagery; p. 8:

© Mike Watson Images/Corbis; p. 10 left: Toronto Star/First Light,
right: Eric Kamp/Index Stock Imagery; p. 14: © Paul A. Souders/
CORBIS; p. 16: © www.guntermarx-stockphotos.com; p. 18: top:
James L. Amos/Photo Researchers, Inc., left: © Elizabeth Felicella/
Beateworks /Corbis, right: © Powered by Light/Alan Spencer

/ Alamy; p. 21: Courtesy of National Geographic; p. 22 top:

© Martin Lender, left: ALFRED BENJAMIN / SCIENCE PHOTO
LIBRARY, right: ©David Young-Wolff / Photo Edit; p. 24: Reprint
Courtesy of International Business Machines Corporation copyright
(2006) © International Business Machines Corporation; p. 25:

© Massimo Listri/CORBIS; p. 26: left: Erich Schrempp / Photo
Researchers, Inc., right: Tom Schierlitz/Image Bank/Getty Images;
p- 30: left: Reprint Courtesy of International Business Machines
Corporation copyright (2006) © International Business Machines
Corporation, right: Photo by Randy Montoya, Sandia National
Laboratory; p. 32: Detlev van Ravenswaay / Photo Researchers,
Inc.; p. 36: David Luzzi, Univ. of Pennsylvania / Photo Researchers,
Inc.; p. 38: Science Source; p. 39: © Martin Lender; p. 41: left:

© Natalie Fobes/CORBIS, right: © sciencephotos / Alamy; p.

42: top left: Charles D. Winters / Photo Researchers, Inc., top
middle: Charles D. Winters / Photo Researchers, Inc., top right:

© sciencephotos / Alamy, bottom left: Russell Scientific Instruments;
p. 43: top: PASCAL GOETGHELUCK/SCIENCE PHOTO
LIBRARY, bottom: MANFRED KAGE / SCIENCE PHOTO
LIBRARY; p. 46: top right: Erich Schrempp / Photo Researchers,
Inc., left: © Howard Davies/CORBIS, bottom right: © Bernhard
Classen / Alamy; p. 48: left: II-123880. Miss Harriet Brooks,
nuclear physicist, Montreal, QC, 1898. Notman Photographic
Archives,McCord Museum, Montreal, right: Bettmann/CORBIS;

p. 52: left: © sciencephotos / Alamy, middle: © Larry Stepanowicz
/ Visuals Unlimited, right: © images-of-france / Alamy; p. 53: top:
© sciencephotos / Alamy, bottom: GUSTOIMAGES / SCIENCE
PHOTO LIBRARY; p. 58: Copyright Theodor Benfey; p. 60: Science
Photo Library; p. 65: top: Lawrence Berkeley National Laboratory,
bottom: Neil Bartlett/Lawrence Berkeley National Lab; p. 66: top
left: © Liz Hatalia/San Francisco Chronicle/Corbis, top right: R.
Maisonneuve / Photo Researchers, Inc., bottom: Scott Camazine &
Sue Trainor / Photo Researchers, Inc.; p. 74: © 1990 Paul Silverman,
Fundamental Photographs, NYC; p. 76: left: Andrew Lambert
Photography / Photo Researchers, Inc., right: LAGUNA DESIGN
/ SCIENCE PHOTO LIBRARY; p. 78: © Tony Makepeace; p.

79: Fig 3.7 clockwise: © Photodisc/Getty Images, © Daniel Tero/
iStockphoto.com, Siede Preis/Getty Images, © Alan McCredie/
iStockphoto.com, top right: Eric V. Grave / Photo Researchers,

Inc, bottom right: Watts/Hall Inc./Firstlight; p. 84:left to right:

© PHOTOTAKE Inc. / Alamy, © imagebroker / Alamy, James
King-Holmes / Photo Researchers, Inc., AFP/Getty Images; p. 85:
© Martin Lender; p. 88: Courtesy of National Geographic; p. 90:
Photodisc/Firstlight; p. 91: © Tom Grill /Corbis; p. 92: © Courtesy
of Sheldon Marsh; p. 93: top: © Holt Studios International Ltd /
Alamy, bottom: Purestock /Getty Images; p. 94: left: Philippe Henry/
First Light, right: PhotoLink/Getty Images; p. 98: © Douglas L.
Peck Photography; p. 99: AJPhoto / Photo Researchers, Inc.; p. 101:
© Patrick Bennett/CORBIS; p. 103: top: Michele Burgess/Index
Stock Imagery, middle: David Luzzi, Univ. of Pennsylvania / Photo
Researchers, Inc., bottom: © 1990 Paul Silverman, Fundamental
Photographs, NYC; p. 105: top left: A.G.E. Foto Stock/Firstlight,
middle left: © Dynamic Graphics Group / Creatas / Alamy, bottom
left: © oote boe / Alamy, top right: Michelle Del Guercio / Photo
Researchers, Inc., bottom right: © Adams Picture Library / Alamy;

UNIT 2

Chapter 4: p. 106: Copyright Mark Emery; p. 107: top: David
Becker / Photo Researchers, Inc., middle: Bill Bachman / Photo

MHR e Credits

Researchers, Inc., bottom: Rod Planck / Photo Researchers, Inc.;

p. 108: Aqua Bounty Farms; p. 109: Cecil Forsberg, University of
Guelph; p. 110: David Becker/Photo Researchers, Inc.; p. 112: left:
(¢) Brand X Pictures/PunchStock, right: Ryan McVay,/Getty Images;
p. 113: left: A. Pasicka/Photo Researchers, Inc., right: Dr. Jeremy
Burgess/Photo Researchers, Inc.; p. 114: Gary Carlson/Photo
Researchers, Inc.; p. 115: © Royaltyfree /Corbis; p. 116: Professors
Pietro M. Motta & Tomonori Naguro / Photo Researchers, Inc.;

p- 117: top left: David Grossman / Photo Researchers, Inc., middle
left: Andrew Syred / Photo Researchers, Inc., Table top left: Bill
Lai/IndexStock Imagery, middle left: photolibrary.com pty. Ltd./
IndexStock Imagery, bottom left: Pat Canova/IndexStock Imagery,
top right: Peter Johansky/IndexStock Imagery, middle right: Fletcher
& Bayliss/ Photo Researchers, Inc., bottom right: (¢) Merlin D.
Tuttle, Bat Conservation International, Inc.; p. 119: left: CP Photo/
Frank Gunn, right top: Eye of Science/Photo Researchers, Inc.,
middle right: Susumu Nishinaga / Photo Researchers, Inc., bottom
right: Biology Media / Photo Researchers, Inc.; p. 120: left: ©
Science VU /Keith Wood / Visuals Unlimited, right: Eye of Science
/ Photo Researchers, Inc.; p. 122: Marni Grossman/soulscapes.

ca; p. 124: Petit Format / Photo Researchers, Inc.; p. 125: top: ©
Holt Studios International Ltd / Alamy, bottom left: Dr. Stanley
Fleger/Visuals Unlimited, bottom right: Dr. Stanley Fleger/Visuals
Unlimited; p. 126: Alix / Photo Researchers, Inc.; p. 127: © Karen
Kasmauski/Corbis; p. 130: Vo Trung Dung/Corbis Sygma; p. 133:
top: (¢) Digital Vision/PunchStock, bottom: (c¢) The McGraw-Hill
Companies, Inc./Louis Rosenstock, photographer; p. 134: Bill
Bachman / Photo Researchers, Inc.; p. 136: Steve Gschmeissner /
Photo Researchers, Inc.; p. 137: Photographs by Alexander Kupfer,
courtesy Natural History Museum/Nature; p. 138: Ole Graf/zefa/
CORBIS; p. 141: Biophoto Associates/Photo Researchers, Inc.;

p. 142: Micha el Abbey/ Photo Researchers, Inc.; p. 143: Michael
Abbey/ Photo Researchers, Inc.; p. 144: left: Steve Gschmeissner

/ Photo Researchers, Inc.; right: RMF /Visuals Unlimited; p. 146:
left: Dr. John D. Cunningham /Visuals Unlimited, right: Peter
Skinner / Photo Researchers, Inc.; p. 149: Biology Media/Photo
Researchers, Inc.; p. 150: Hybrid Medical Animation / Photo
Researchers, Inc.; p. 152: David Nunuk/Photo Researchers, Inc.; p.
153: REUTERS /David Gray/Corbis; p. 154: top: Michael Abbey/
Visuals Unlimited, A to D: Biophoto Associates/Photo Researchers,
Inc.; p. 155: CNRI / Photo Researchers, Inc.; p. 156: top: Photo
by Rita Horner, bottom left: SPL / Photo Researchers, Inc., bottom
middle: Biophoto Associates/Photo Researchers, Inc., bottom right:
© Stephen Frink/CORBIS; p. 157: Adrian T Sumner / Photo
Researchers, Inc.; p. 158: left: George Bernard /Photo Researchers,
Inc., middle: A] Photo / Photo Researchers, Inc., right: Alan and
Linda Detrick / Photo Researchers, Inc.; p. 159: top: (c) Burke
Triolo Productions / Getty Images, bottom left: Martyn Chillmaid/
Photo Researchers, Inc., right: © Jerome Wexler / Visuals Unlimited;
p. 161: left: Vaughan Fleming / Photo Researchers, Inc., right: ©
Michael & Patricia Fogden/CORBIS; p. 162: Dr. David M. Phillips/
Visuals Unlimited; p. 168: Rod Planck / Photo Researchers, Inc.;

p. 170: left: © Fridmar Damm/zefa/CORBIS, right: Millard H.
Sharp / Photo Researchers, Inc.; p. 172: David M. Phillips / Photo
Researchers, Inc.; p. 178: Courtesy of National Geographic; p.

180: Peter Skinner/Photo Researchers, Inc.; p. 181: A: Dr. Everett
Anderson/Photo Researchers, Inc., B to E: Biology Media/Photo
Researchers, Inc.; p. 182: George D. Lepp / Photo Researchers, Inc.;
p. 183: Francois Gohier / Photo Researchers, Inc.; p. 184: top left:
A.G.E. Foto Stock/First Light, top right: © Radius Images / Alamy,
bottom: Owaki/Kulla/CORBIS; p. 186: Eye of Science/Photo
Researchers, Inc.; p. 187: top left: © Arco Images GmbH / Alamy,
bottom left: A.G.E. Foto Stock/First Light, bottom right: Hans
Reinhard / Photo Researchers, Inc.; p. 189: top: Scimat / Photo
Researchers, Inc., bottom: Paul Freytag/zefa/CORBIS; p. 190:

left: Inga Spence / Photo Researchers, Inc., right: Matthew Ward/
Dorling Kindersley/Getty Images; p. 191: left: Kenneth M. Highfill
/ Photo Researchers, Inc., middle: © Shai Ginott/CORBIS, right:
Nigel Cattlin / Photo Researchers, Inc.; p. 198: left: Anatomical
Travelogue / Photo Researchers, Inc., middle: Science Pictures Ltd.
/ Photo Researchers, Inc., right: SCIENCE PICTURES LTD /
Photo Researchers, Inc.; p. 199: left: Tissuepix / Photo Researchers,
Inc., right: Petit Format / Photo Researchers, Inc.; p. 200: © Rick
Gomez/Corbis; p. 201: Jorge Z. Pascual /CORBIS SYGMA; p. 203:



© Justin Horrocks/iStockphoto.com; p. 206: top: © Jeff Greenberg/
Photo Edit, middle: Biophoto Associates/Photo Researchers, Inc.,
bottom: Biophoto Associates/Photo Researchers, Inc.; p. 207: left: ©
Mika/zefa/CORBIS, right: Science VU /Visuals Unlimited; p. 208:
Gunter Marx/Alamy; p. 215: top: David Becker / Photo Researchers,
Inc., middle: Bill Bachman/Photo Researchers, bottom: Rod Planck
/ Photo Researchers, Inc.

UNIT 3

p. 222: Photo supplied by Nalcor Energy; p. 223: top: © Greg

Dean; middle: © Royalty-Free /Corbis, bottom: © Jerry Curtis; p.
224: Toyota Canada; p. 226: © Greg Dean; p. 229: The Granger
Collection, New York; p. 233: © Stephen Gosse; p. 234: © Jeff
Topping/Reportage /Getty Images, right: © Images.com/Corbis;

p- 238: ©Tony Freeman / Photo Edit; p. 244: Courtesy of National
Geographic; p. 248: © Royalty-Free/CORBIS; p. 252: left: © The
Art Archive/Corbis, right: © The Print Collector / Alamy; p. 254:
top to bottom: © Tony Makepeace, © Dick Hemingway, © NASA/
CORBIS, © Helene Rogers / Alamy, © Dawn Maddock Parsons;

p. 255: © CORBIS; p. 257: © Loren Winters/Visuals Unlimited;

p. 258: left: © David Wrobel /Visuals Unlimited, right: Richard

T. Nowitz / Photo Researchers, Inc.; p. 259: top: David Young-
Wolft PhotoEdit, Inc., bottom: ©Tom Prettyman / Photo Edit;

p. 260: © Martin Lender; p. 264: top left: © David MacDonald,

top right: James Randklev/Photographer’s Choice/Getty Images,
bottom right: © Stefano Bianchetti/CORBIS; p. 268: top left: Eric
Simonsen,/The Image Bank/Getty Images, bottom left: Sheila Terry
/ Photo Researchers, Inc., right: Photo courtesy of Blake Hunter,
Manitoba Hydro; p. 271: © Wolfgang Kachler/CORBIS; p. 272:

© Science Source/Photo Researchers Inc.; p. 275: © Gunter Marx
Photography/CORBIS; p. 284: © Jerry Curtis; p. 286: top: A.G.E.
Foto Stock/First Light, bottom: © Dick Hemingway; p. 291: ©
Gunter Marx Photography/CORBIS; p. 295: top left and right: ©
Michael Lindo, bottom: © Dawn Maddock Parsons; p. 296: © Martin
Lender; p. 297: © Martin Lender; p. 302: top left: Barbara Strnadova
/ Photo Researchers, Inc, middle right: © Louie Psihoyos/CORBIS,
bottom right: David J. Green/Alamy; p. 306: left: © Martin Lender,
right: © Dick Hemingway; p. 307: top left and right: © Dawn
Maddock Parsons, bottom: © Dick Hemingway; p. 309: © Dick
Hemingway; p. 310: © Martin Lender; p. 312: © Paul Bevan; p. 313:
top: © Dawn Maddock Parsons, bottom: © Dawn Maddock Parsons;
p. 316: © redsnapper / Alamy; p. 317: A: © Ingram Publishing /
Alamy, B: © Ingram Publishing / SuperStock, C: The McGraw-Hill
Companies, Inc./Ken Cavanagh photographer, D: © bobo / Alamy,
E: © Bernd Jiirgens / Alamy; p. 320: left: © GIPhotoStock Z /
Alamy, right: © Martin Lender; p. 323: © Martin Lender; p. 328: left:
© Dawn Maddock Parsons, right: © Judith Collins / Alamy; p. 330:
© Dawn Maddock Parsons; p. 331: top: © Dawn Maddock Parsons,
bottom left: Stephen J. Krasemann / Photo Researchers, Inc., bottom
right: Larry Landolfi / Photo Researchers, Inc.; p. 332: © Jerry
Curtis; p. 333: top: © Richard Levine / Alamy, bottom: Courtesy

of BC Transit; p. 334: Junko Kimura/Getty Images; p. 339: top: ©
Greg Dean, middle: © Royalty-Free/Corbis, bottom: © Jerry Curtis.

UNIT 4

p. 346: © Kerry-Ann Lecky Hepburn. http://www.weatherandsky.
com; p. 347: top: Alain Sallez - www.picdumidi.org, middle:

© Stocktrek/age footstock, bottom: NASA / ESA / STSCI /
S.BECKWITH, HUDF TEAM/ SCIENCE PHOTO LIBRARY; p.
348: © JG Photography / Alamy; p. 349: © Mike Dobel / Alamy;
p. 350: Alain Sallez - www.picdumidi.org; p. 352: Francois Gohier /
Photo Researchers, Inc.; p. 364: Larry Landolfi / Photo Researchers,
Inc.; p. 366: © Stetano Bianchetti/CORBIS; p. 367: A: JTB Photo
Communications, Inc./Alamy, B: Radius images/First Light, C:
Lawrence Migdale / Photo Researchers, Inc., D: Carolyn Brown

/ Photo Researchers, Inc., E: Jim Wark/ Index Stock Imagery; p.
368: top: © Bettmann/CORBIS, Bottom: Kenneth W. Fink / Photo
Researchers, Inc.; p. 369: Dr. Jeremy Burgess / Photo Researchers,
Inc.; p. 371: top: George Bernard / Photo Researchers, Inc., bottom:
SPL / Photo Researchers, Inc.; p. 372: top: Mary Evans / Photo
Researchers, Inc., bottom: The Granger Collection, New York; p.
376: SPL / Photo Researchers, Inc.; p. 377: Sheila Terry / Photo
Researchers, Inc.; p. 378: top: Science Source, bottom: Adam Hart-
Davis / Photo Researchers, Inc.; p. 379: top left: Science Source, top
middle: Detlev van Ravenswaay / Photo Researchers, Inc., top right:
NASA Jet Propulsion Laboratory (NASA-JPL), bottom left: Chris

Bjornberg / Photo Researchers, Inc., bottom right: Chris Bjornberg
/ Photo Researchers, Inc.; p. 388: © Stocktrek/age footstock; p.
390: Inga Spence / Photo Researchers, Inc.; p. 391: Ton Kinsbergen
/ Photo Researchers, Inc.; p. 392: © J. Randy Attwood; p. 393:
Science Source, inset: © Studio Photogram / Alamy; p. 394: Ron
Sanford / Photo Researchers, Inc.; p. 395: Edmund Scientifics; p. 398:
A: John Chumack / Photo Researchers, Inc., B: Science Source,

C: Science Source; p. 399: top: David Hardy / Photo Researchers,
Inc., bottom: J. Randy Attwood; p. 400: top to bottom: Science
Source, Detlev van Ravenswaay / Photo Researchers, Inc., Detlev van
Ravenswaay / Photo Researchers, Inc., Science Source; p. 401: top
to bottom: NASA / Science Source, Science Source, CALIFORNIA
ASSOCIATION FOR RESEARCH IN ASTRONOMY / Photo
Researchers, Inc., NASA Jet Propulsion Laboratory (NASA-JPL);

p. 402: Detlev van Ravenswaay / Photo Researchers, Inc.; p. 404:

© CORBIS; p. 405: top: NASA Jet Propulsion Laboratory (NASA-
JPL), middle: NASA/JPL-Caltech/UMD, bottom: Jerry Schad /
Photo Researchers, Inc.; p. 406: John R. Foster / Photo Researchers,
Inc.; p. 407: left: © Bill Howe / Alamy, right: Francois Gohier

/ Photo Researchers, Inc.; p. 408: left: David A. Hardy / Photo
Researchers, Inc., right: NASA/JPL; p. 411: top: Science Source,
middle: Science Source, bottom: Science Source; p. 412: top left: ©
Bettmann/CORBIS, top right: NASA, bottom: (¢) Brand X Pictures/
PunchStock; p. 414: top: NASA / Photo Researchers, Inc., bottom:
(¢) Brand X Pictures/PunchStock; p. 415: top: NASA Kennedy
Space Center (NASA-KSC), bottom: NASA; p. 416: top: NASA
Headquarters - GReatest Images of NASA (NASA-HQ-GRIN),
bottom left: ©Nancy Sheehan / Photo Edit, bottom middle: Mike
Robinson/IndexStock Imagery, bottom right: ©Cindy Charles /
Photo Edit; p. 417: Courtesy Canadian Space Agency 2007; p. 418:
NASA Jet Propulsion Laboratory (NASA-JPL); p. 419: top: NASA
Jet Propulsion Laboratory (NASA-JPL), bottom left: Publiphoto

/ Photo Researchers, Inc., Science Source; p. 420: top left: Image
courtesy of Farhad Yusef-Zadeh/NRAO /AUI, top right: Thoth
Antenna, ARO, bottom: D. Nunuk / Photo Researchers, Inc.; p.
421: top: Courtesy of Professor Jaymie Matthews and The Canadian
Space Agency, bottom: Courtesy Canadian Space Agency 2007,

p- 423: NASA; p. 425: Victor Habbick Visions / Photo Researchers,
Inc.; p. 426: NASA / ESA / STSCI / S.BECKWITH, HUDF
TEAM/ SCIENCE PHOTO LIBRARY; p. 433: top: NASA,
bottom: NASA and the WMAP Science Team; p. 434: NASA,ESA,
M. Robberto (Space Telescope Science Institute/ESA) and the
Hubble Space Telescope Orion Treasury Project Team; p. 437:

Jason T. Ware /Photo Researchers Inc.; p. 439: European Space
Agency / Photo Researchers, Inc.; p. 441: top: CERN / Photo
Researchers, Inc., bottom: © CERN; p. 442: Courtesy of National
Geographic; p. 443: Jason T. Ware /Photo Researchers Inc.; p. 444:
NASA /JPL-Caltech /K. Gordon (University of Arizona); p. 445:
NASA / ESA / STSCI / AFRUCHTER, ERO TEAM/ SCIENCE
PHOTO LIBRARY; p. 446: top left: Peter Arnold, Inc./Alamy, top
right: European Southern Observatory / Photo Researchers, Inc.,
bottom left: John Chumack / Photo Researchers, Inc., bottom right:
Space Telescope Science Institute / NASA / Photo Researchers,
Inc.; p. 454: left: NASA Headquarters - Greatest Images of NASA
(NASA-HQ-GRIN), right: Pascal Goetgheluck / Photo Researchers,
Inc.; p. 455: top left: Peter Arnold, Inc./Alamy, middle left: John
Chumack / Photo Researchers, Inc., bottom left: European Southern
Observatory / Photo Researchers, Inc., right: NASA, ESA, and the
Hubble Heritage Team (STScI/AURA)-ESA/Hubble Collaboration;
p- 456: EUROPEAN SPACE AGENCY / SCIENCE PHOTO
LIBRARY; p. 458: NASA 1997; p. 459: NASA /JPL-Caltech; p.
460: top left: © Anglo-Australian Observatory, top right: NASA/
JPL-Caltech/P. N. Appleton (SSC-Caltech), middle left: J.Higdon
(NRAO), middle right: NASA /JPL-Caltech/P. N. Appleton
(SSC-Caltech), bottom left: NASA /JPL-Caltech/P. N. Appleton
(SSC-Caltech), bottom right: NASA /JPL-Caltech/P. N. Appleton
(SSC-Caltech); p. 461: top: ©Jeff Greenberg / Photo Edit, bottom:
Phanie /Photo Researchers Inc.; p. 462: NASA /Getty Images; p.
464: Getty Images; p. 471: top: Alain Sallez - www.picdumidi.org,
middle: © Stocktrek/age footstock, bottom: NASA / ESA / STSCI
/ S BECKWITH, HUDF TEAM/ SCIENCE PHOTO LIBRARY;
p. 472: © David Davis Photoproductions / Alamy; p. 473: David A.
Hardy / Photo Researchers, Inc.; European Southern Observatory /
Photo Researchers, Inc.

Credits ¢ MHR







