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THE ULTIMATE VISUAL DICTIONARY OF SCIENCE

Introduction

|
|

T[II:‘ ULTIMATE FISUAL DICTIONARY OF SCIENCE is
the definitive reference book for the major
sciences. Its unique style allows you to browse
the thematic sections at your leisure or to use it as a
quick-reference visual dictionary. Two spreads at the
beginning of the book introduce science and discuss
its nature, history, and practice. The main part of the
book is divided into nine themed sections, each one
covering a major scientific discipline. These sections
begin with a table of contents listing the key entries,

Subjects featured:

Phngrsms
Physics is perhaps the most fundamental scientific
discipline. It concerns matter and energy, and its
theories can be applied in every other scientific
discipline, often creating a new subdiscipline
such as astrophysics or medical physics.

Life sciences and ecolo
This section concentrates on biology, lookin%gll
the forms and functions of living organisms. It begins
with consideration of the microscopic scale of cells,
the building blocks of all living things, and ends with
ecology, the study of how plants and animals interact
with each other and their environment.

followed by a historical spread that puts the subject
into its developmental context. Throughout the book
you will find some words in bold typeface: these are
words that you will find defined in the glossary.

Bold words on the historical spreads are the names
of important scientific figures featured in the
“Biographies” (pp. 394-397). A 20-page “Useful Data”
section at the back of the book contains essential
scientific formulas, symbols, and charts. The book
ends with a glossary and an extensive index.

Chemistry
The science of chemistry is concerned with chemical
elements, the compounds they form, and the way elements
and compounds react together to make new substances. It is
important in several other scientific disciplines, in particular
life sciences. Biochemistry, for example, examines the
compounds and reactions involved in the processes of life.

Human anatom
Anatomy is the study of the s?:uclure of living
organisms. The investigation of human

anatomy and internal parts is particularly essential
to medical science. This section also includes human
physiology, which deals with the functions of the
various systems of the human body.
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Medical science

Modern science gives us a sophisticated understanding

of the human body. This enables medical professionals

to provide accurate and effective diagnoses and treatments,
which often involves drawing on other scientific disciplines
such as physics and chemistry. The medical science
section of this book includes modern diagnostic

techniques and emergency care.

Earth sciences
The main branches of Earth sciences are geology
(the study of the origin, structure, and composition of
the Earth), oceanography (the study of the oceans),
and meteorology (the study of the atmosphere and
how it affects weather and climate).

Astronomy and astrophysics
Astronomy - the study of the universe beyond

Earth’s atmosphere - is the oldest science. Astrophysics is a
branch of astronomy that attempts to understand the physical
processes underlying the existence and behavior of planets,
stars, and galaxies. Cosmology - the study of the origins and
destiny of the universe - is an important part of astronomy.

Electronics and
computer science

All electronic devices are made up of simple electronic
components, such as transistors, connected together to
form electronic circuits. This section examines the
main types of components and electronic circuits

and outlines the function of the modern computer.

Mathematics
Numbers and shapes are fundamental to

all sciences and to society at large. Mathematics

is the science of numbers and shapes. This section
of the book explains some of the key features
of mathematics, including areas of modern
mathematics, such as chaos theory and fractals.

Useful data

1t is essential for a scicnce reference book to include
scientific formulas, symbols, and charts. The information
contained in this section reinforces and extends the
information found in the main body of the book.
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What is science?

HE WORD “SCIENCE” comes from the Latin scientia, meaning

knowledge. Science is both the systematic method by which
human beings attempt to discover truth about the world, and the
theories that result from this method. The main “natural sciences”
are physics, chemistry, life sciences (biology), earth sciences, and
astronomy. All of these — except life sciences — are called physical
sciences. Subjects such as anatomy and medicine — and usually
ecology — are considered parts of life science. Mathematics is not
strictly a natural science, because it does not deal with matter
and energy directly; it examines more abstract concepts, such as
numbers. However, mathematics is important because it is used
to describe the behavior of matter and energy in all the sciences.

SCIENCE AND

PRECIPITATION
REACTION
BETWEEN LEAD
NITRATE AND
LEAD 10DIDE

TECHNOLOGY

Scientists rely on technology

to carry out their experiments.
It may be as simple as a quadrat —
a rigid square thrown at random in
a field in order to take a representative
sample and estimate populations of
plants or animals. Or it may be very
complex, such as a supercomputer that
applies statistics to millions of collisions
taking place in particle accelerators.
The relationship between science and
technology works the other way, too.
The design of a car’s transmission, for
example, requires a good undcrstanding
of the physics of simple machines.
Despite this close relationship, science
and technology are not the same thing.
Unlike science, technology is not a quest
for understanding - it is the application

of understanding to a particular problem

or situation. To discover the true nature
of science, we need to briefly outline
the history of scientific thought.

MYTHICAL WORLD VIEW
People in ancient civilizations
developed stories — myths - to
explain the world around then.
Creation myths which attempted
to explain the origin of the
universe were common, for
example. Most myths were
probably never intended to
be belicved. However, in the
absence of other cxplanations,
they often were. These myths
were handed down from

PRECIPITATION REACTION
The precipitation reaction between
lead nitrate and lead jodide, shown

of atoms and moleeunles. Science
has proved the existence of atoms.

here, is caused by a rearrangement

generation to generation as folktales,
and some persist today in many cultures
and religions. The roots of the scientific
approach to understanding the world are
generally thought to be in ancient Greece,
where natural philosophers began to rcject
the mythical worldview and replace it
with logical reasoning.

ARISTOTLE AND DEDUCTION

The ancient Greek approach to
understanding natural phenomena

is typified by the writings of Aristotle
(384 - 322 rc). Like others of his time,
Aristotle used.a process known as
deduction, which seeks explanations for
natural phenomena by applying logical
arguments. An example of this comes
from Aristotle’s Physics. It was assumed
that some types of matter, such as
smoke, have the quality of “lightness,”
while others, such as stone, have the
quality of “heaviness.” (The truth of why
things float or sink is not as simple as
this.) Applying logic to this assumption,
it scemed to Aristotle that all matter
naturally movces either upward or
downward. He therefore claimed that
any matter that neither falls nor rises
upward, such as the stars and the
planets, must be made of something
fundamentally different from matter on
Earth. The problem with this deductive
process was that flawed assumptions led
to incorrect conclusions. Aristotle and
his contemporaries saw no need to test
their assumptions, or explanations,

and this is what sets the process of
deduction apart from true scicncee.

THE SCIENTIFIC REVOLUTION

The explanations given by the ancicnt
Grecek natural philosophers werc
adhered to across Europe and the
Arab world during the Middle Ages —
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LOCATION OF AN ELECTRON AT DIFFERENT
DISTANCES FROM AN ATOMIC NUCLEUS

there was little original scientific
thought during this period. In
Renaissanee Europe in the 15th

and 16th eenturies, there was a
reawakening of the spirit of euriosity
shown by the aneient Greeks. People
began to question many of the untested
ideas of the aneients, beeause new
observations of the world were at odds
with them. For example, Aristotle and
his eontemporaries had reasoned that
the Earth lies at the center of the
universe. During the Renaissanee,
several astronomers showed that
this idea was not consistent with the
observed motions of the planets and
the Moon and the Sun. A new idea -
that the Earth is in orbit around the
Sun - was put forward in 1543 by
Nicolaus Copernicus (1475 - 1543).
There were also several other major
challenges to the aceepted ideas of
the time. 1t was a period of rapid
discovery, a scientific revolution.

SCIENTIFIC METHOD

Recognizing the importanee of
observation — empiricism - is one of the
major features of the scientific method.
Another is the testing of suggested
explanations by performing experiments.
An experiment is an observation under
carefully eontrolled conditions. So, for
example, the hypothesis (idea) that all
objects on the Earth fall at the same rate
in the absence of air, can be tested

by setting up suitable apparatus and
observing the results. The proof of
this hypothesis would support the
current theory about how objects

fall. A theory is a general

explanation of a group of

related phenomena. Examples

SCIENCE AND REALITY

The behavior of electrons can be predicted

by a branch of physics known as quantum

theory, which uses the mathematics of

probability. The curve shown here is a
graph of the probability of an electron
being located at different distances

from an atomic nucleus.

are the theory of gravitation and
the theory of evolution. The more
evidenee in favor of a partieular

theory, the more strongly it is held onto.

Theories ean be refined or completely
replaced in the light of observations
that do not support them.

THE LAWS OF NATURE

A scientifie law is different

from a seientific theory. A law is
a mathematieal relationship that

NATURAL LAWS

The forces acting on a weight on a slope can be
measured — here they are measured using a newton
meter. If this process is repeated for steeper or

describes how something behaves.
(The law of eonservation of mass

states that no mass is lost or gained
during a chemical reaction.) 1t is
derived from painstaking measurements
and other observations, and a theory
may be formulated to cxplain the
observed law. In the case of the
conversion of mass, one plausible
theory is that matter consists of
partieles that join in particular ways,
and a chemieal reaction is simply a
change in the arrangement of the
particles. Diseovering the laws of
nature and formulating theories to
account for them can explain, in ever
greater detail, only how — but not

why - things happen. However, the
methodieal efforts of the scientific
eommunity — together with the
inspirational work of many individuals
- have led to a deep understanding of
the natural world.

shallower slopes, a relationship between the force and
the angle of the slope arises. A law can be formulated
from this, and a theory to explain the law may follow.

MEASURING THE
FORCES ACTING ON
A WEIGHT ON A
SLOPE WITH A
NEWTON METER
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BECOMING A SCIENTIST

Scientists need to be up-to-date with
the latest developments in their field of
interest. For this reason, most professional
scientists have a university degree and
are members of professional societies.
The first such societies were formed

in Europc during the 17th century.
Since that time, the number of people
worldwide engaged in scientific activity
has increased enormously. The amount
and detail of scientific understanding
have also increased, with the result that
most scicntists can be experts in only a
very tiny part of their subject. Scicntific

ELECTRONIC COMPONENTS

SCIENCE AND SOCIETY
Electronics is an area of scientific research that has had a

The practice of science

S INCE THE SCIENTIFIC REVOLUTION of 17th- and 18th-
century Europe (see pp. 8-9), science has had an ever
increasing impact on our everyday lives. The proportion of
the population engaged in scientific or technological activity
has increased dramatically since that time, too. The number
of regularly published scientific journals in the world stood at
about 10 in 1750. By 1900, there were about 10,000, and there
are now over 40,000. Science is carried out by professionals
as well as amateurs, and by groups as well as individuals.
They all communicate their ideas between themselves, to
their funding agencies, and to the world in general.

societies encourage professionalism in
science and communication between
scientists. There are, howcver, many
amateur scientists whose contribution
in certain fields of science is highly
valuable. 1n astronomy, in particular,
amateurs have been responsible for
many important discoveries, such as
finding new comets.

LABORATORIES

The word “laboratory” may conjure
up images of wooden benches and
countless bottles of chemicals. Some
laboratories — particularly those devoted
to chemistry — are indeed something like
this, but arc today also equipped with
high-tech devices, such as infrared
spectrometers, which can accurately
identify a substance by analysis of the
infrared radiation it emits. They arc
safe, clean, and efficient placcs.
However, many laboratories arc not hike
the popular image at all. A laboratory is
defined as the place where a scientist
carries out his or her experiments. So,
a geologist sometimes considers his or
her laboratory to be, say, a rock face.

A biologist or medical researcher may
have a field laboratory, with cquipment

installed in a tent or temporary building.

Fixed laboratorics are well-equipped
roomns, usually in universities or
industrial research buildings. For

huge effect on society. The subject began with the discovery

{ the electron in 1897. Less than a century later, the technology
of electronics enabled the development of computers, television

sets, and digital wristwatches, and has made possible
nternational digital cominunication and trade.

WELWITSCHIA
(Welwitschia mirabilis)

THE HUBBLE
SPACE TELESCOPE

THE COST OF SCIENCE
Much of the research at the forefront
of modern science is far too costly in
time and money for any individual to
undertake. The development of the Hubble
Space Telescope, for example, has cost billions
of dollars, and has involved thousands

of scientists from many ¢ountries.

those engaged in theorctical scicnce,
their computers or even their own minds
can be thought of as their laboratory.

FUNDING |
Science is often expensive. A space-probe
mission to Mars, for example, costs
many millions of dollars, which may
have to be paid by just one organization.
The effort to produce a map of all
human genes — known as the human
genome projcet — is a lengthy and costly
procedurc that involves thousands of
scientists in several diffcrent countries.
There are two reasons commonly put
forward to justify the huge amounts of
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money spent on

scientific research. First,

scientific progress
brings technological

advances. For
example, without
advances in medical
science, diseases such
as cholera would still

often put forward to justify
spending public money on science is a
more philosophical one. Human beings
are inquisitive creatures, and science
provides answers to some fundamental
questions — about our own origins,
our place in space, the history of our
planet, and so on. The money needed
to carry out science comes from a
variety of different sources. Much
of the pure scientific research
that goes on is government-
funded and is based
in universities. Some
universities are partly funded
by industries or wealthy individuals.
Research laboratories in large
companies tend to carry out applied
science (technology), because most
large companies are in the business
of applying scientific knowledge to
the development of new commercial
devices or processes.

COMMUNICATING SCIENCE

There are many ways in which scientific
ideas are communicated and as many
methods for doing so. Scientists in the
same field of research clearly need to
communicate with one another to
ensure that they do not duplicate on
another’s work and to ensure that
others are aware of of potentially
useful findings. Scientific journals and
electronic mail (e-mail) are conduits for

INTERNATIONAL SYSTEMS

The plant below is identified by all botanists as
Welwitschia mirabilis. This binomial (two-part)
classification is an internationally recognized system.
Another well-known system is the SI (Systeme
Internationale), which enables all scientists to

use clearly defined standard measurements,

such as the meter, in their work.

much of this communication.
Researchers also need to communicate
with the agencies who give grants —
if thosc in charge of funding do not
rccognize the importance or quality
of a piece of scientific research, they
may cancel funding for it. New
discoveries in one field must often be
communicated clcarly to scientists
in different but related fields. New
discoveries in organic chcmistry
may benefit scientists working on
research in other areas, for example.
The progress of science must also
be communicated effectively to
governments and to the public at
large. Finally, accuinulated scientific
knowledge must be passed on from
generation to generation, and so school

and college education have a role to play

in communicating scientific ideas.

RECOGNITION
Many scientists pursue their
work for the sake of their
own curiosity and passion
for their subject, or
becausc of a desire

to make a useful
contribution to science.
They are further
encouraged

by the possibility of
recognition in the event

of a great discovery or
good scientific practice.
Many different prizes are
awarded each year by
organizations across the world.
The most famous are the Nobel
Prizes, first awarded in 1901. They
are given out yearly in six areas of
human achievement, three of which
are sciences (physics, chemistry, and
physiology or medicine). In some
cases, scientists who have made truly
great contributions become household
names, such as Albert Einstein (1879 -
1955) and Isaac Newton (1642-1727).

PUBLIC UNDERSTANDING OF SCIENCE
Most people have heard of viruses, even if they
do not understand how they work, A virus is
shown here entering a living cell (top), reproducing
(middle), and leaving the cell with its replicas
(bottom). Scientific knowledge such as this
can filter through to the public in school
science lessons or via the media.

INVASION OF A
LIVING CELL BY
A VIRUS
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GALILEO'S CL.OCR

The Nahan scienlist Galileo Galilei noticed that
although the distance a pendulum swings may
vary, the e Laken for each swing remains
constanl. He explonted 1his idea in his design
for a pendulum clock. The elock shown here
was bl in 1833, hased on Gahleo's drawings
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Discovering physics

HE WORD “PHYSICS” derives from the Greek word for natural

philosophy, physikos, and the early physicists were, in fact,
often called natural philosophers. To a physicist, the world
consists of matter and energy. Physicists spend much of their
time formulating and testing theories, a process that calls
for a great deal of experimentation. The study of physics
encompasses the areas of force and motion, light, sound,
electricity, magnetism, and the structure of matter.

ANCIENT GREECE

The study of physics is generally considered
to have begun in ancient Greece, where
philosophers rejected purely mythological
explanations of physical phenomena and
began to look for physical causes. However,
Greek physics was based on reasoning,
with little emphasis on experimentation.
For example, early Greek philosophers
reasoned that matter must be made of tiny,
indivisible parts (aloms), but saw no need
to establish experimental proof for the
theory. Nevertheless, several areas

of physics thrived in ancient Greece:
mechanics (force and motion) and optics
(the behavior of light) in particular. The
most notable contributions to ancient
Greek physics were made by Aristotle,
whose ideas would influence physics for
2,000 years, despite the fact that many

of them were fundamentally flawed.

MIDDLE AGES
When the first universities were founded
in Europe in the 12th and 13th centuries,
Greek physics was the basis of the study of
the natural world. The ideas of the ancient
Greeks had been preserved by Muslim
academics, who had learned of them from
Greek philosophers who journeyed to the
East. In the universities, the ideas
of Aristotle were accepted but
gradually altered. For example,
Aristotle’s views on force and
motion were developed into the
“impetus” theory — an idea similar to
the modern concept of momentum -
in the 14th century.

RENAISSANCE

In the 15th, 16th, and 17th centuries,
experimentation became the norm.
Inevitably, there was conflict between
1hose who believed 1he views of Aristotle,
and those who accepted the new idcas
arising from experimentation. The most
famous example of this conflict is the
story ol Italian physicist Galileo Galilei.
Persecuted for his ideas by the Roman
Catholic Churely, Galileo established new
laws of motion, including proof 1hat objects
aceeterate as they fall. The French

philosopher René Descartes helped
to place physics on a new track by
concentrating on the idea that all natural
phenomena could be explained by
considering particles of matter in motion. |
This was called the “mechanical” or \
“mechanistic” philosophy, and it enabled i
physicists to develop new theories.

NEWTONIAN PHYSICS i
Isaac Newton made huge contributions to
mechanics, oplics, and gravilation, as well |
as to mathematics. In particular, his ideas g
about motion developed the mechanistic
philosophy into a precise framework,

called Newtonian physics. This view held

that all of the phenomena of the Universe

could be explained by particles and forces

and was summarized by Newton’s own Laws

of Motion. Newton’s theory of gravitation

made an undeniable-link between the motion

of falling objects on the Earth and the

motions of planels around the Sun. In !
optics, Newton identified white light as !
consisting of a spectrum of colors, and

he investigated the effects of interference.

He also explained many optical effects in

terms of light behaving as particles, a view
challenged by many physicists, who believed

that light was the result of a wave motion.
Experiments during the 18th century put

the wave theory of light onto a firm footing.

NATURAL FORCES

Whether particles or waves, light was seen

as one of a set of separate “natural forces.”

Others included heal, electricity, and
magnetism. During the 18th and 19th
centuries, progress was made toward

realizing the links between these forces,

which were seen as “imponderable

fluids” that flowed between substances.
Temperature, for example, was seen as

the concentration of particles of “heat
fluid,” called “caloric.” The modern
interpretation of heat, as the random
motion of particles, was not widely
believed until later, when it was realized
that friction could generate endless amounts
of heat. This could not be explained by the
idea that heat is a fluid contained within
an object. As the connection between




DISCOVERING PHYSICS

motion and heat was established, so
other natural phenomena were
linked, in particular electricity and
magnetism. In 1820, Hans Christian
Oersted showed that an electric current
produces magnetism. Electromagnetism
was studied by many experimenters,
in particular Michael Faraday.

ENERGY AND
ELECTRO-MAGNETIC RADIATION
In the 1840s, James Joule established
the “mechanical equivalent of heal”: the
amount of heat generaled by a particular
amount of mechanical work. The
conversion was always consistent, and a
similar result when producing heat from
electric current led to the definition of
energy. It was soon realized that light,
heat, sound, electricity, magnetism, and
motion all possessed energy, and that
energy could be transferred from object to

object, but neither created nor destroyed.

This “unified” view of the world was
further established in the 1860s, when
James Clerk Maxwell proved that light
was related to electricity and magnetism.
The idea led to the discovery of other
forms of electromagnetic radiation: radio
waves (1888), X rays (1896), and gamma
rays (named in 1903). Also around this
time came the first evidence of an inner
structure to the atom. The electron was
discovered in 1897, and in 1899 its mass

was found to be less than that of an atom.

New models of the atom arose, in line
with quantum physics, which, along with
relativity, would reshape forever the
physicist’s view of the world.

MODERN PHYSICS
Albert Einstein developed
his theories of relativity to
make sense of space and
time. Newtonian physics
relied on the assumptions |
that space and time were
absolute, assumptions that

FARADAY’S RING
Michael Faraday explored

the relationship between
electricity and magnetism,
producing the world’s

first transformer.

work very well in most siluations.

But Newtonian physics was only an
approximation to any real explanation.
Einstein’s relativity showed that time
and space could not be absolute. This
demanded a completely new outlook on
the laws of physics. Einstein was also
involved in the development of quantum
physics, which studies the world of very
small particles and very small amounts
of energy. Quantum physics challenged
the wave theory of light and led to the
conclusion that light and other forms
of electromagnetic radiation act as
both particles and waves. 1t enabled the
structure and behavior of atoms, light,
and electrons to be understood and
also predicted their behavior with
incredible accuracy.

GRAND UNIFIED THEORY

In the 1920s, showers of subatomic
particles — produced by cosmic rays that
enter the atmosphere — were detected
using airborne photographic plates. This
led to the study of particle physics, using
huge particle accelerators. In the middle
of the 20th century, forces began to be
understood in terms of the exchange of
subatomic particles and were unified
into just four fundamental interactions:
gravitation, electromagnetism, the strong
nuclear force, and the weak interaction.
The “holy grail” of physics is a
grand unified theory (GUT)
that would unify all the four
forces as one “superforce”
and describe and explain
all the laws of nature.

NEUTRON DETECTOR

Inside this apparatus, particles
from a radioactive source struck a
beryllium target. Neutrons were given
off but could be detected only when
they “knocked” protons from a piece
of paraffin wax. The protons were

then detected with a Geiger counter.
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PHYSICS

Matter and energy

PHYSICS 1S THE STUDY OF MATTER AND ENERGY. Matter is anything
that occupies space. All matter consists of countless tiny particles,
called atoms (see pp. 72-73) and molecules. These
particles are in constant motion, a fact that explains

a phenomenon known as Brownian motion. The |
existence of these particles also explains evaporation l
and the formation of crystals (see pp. 34-35). Energy B

is not matter, but it affects the behavior of matter. '
Everything that happens requires energy, and
energy comes in many forms, such as heat, light,
electrical, and potential energy. The standard
unit for measuring energy is the joule (J). Each
form of energy can change into other forms.
For example, electrical energy used to make
an electric motor turn becomes kinetic
energy and heat energy (see pp. 32-33).
The total amount of energy never changes;
it can only be transferred from one form

to another, not created or destroyed. This is
known as the Principle of the Conservation
of Energy, and can be illustrated using a

Eyepiece

Glass

R = =Ly

| Sankey Diagram (see opposite). MICROSCOPE
MATTER AS PARTICLES
DISSOLVING EVAPORATION
— B = S
s Y Gluss =———
beaker Heated i

liquid
evaporates
Solid dissolves to
Jorm a solution

— Hater

Solution
-Solid is leated
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permanganale

ltom breaks away Escaping lu molecule
= I,U ‘A 13 water
: X molecule

r:“ dgﬂj.@ _Hater %

5 ‘) molecule
D

g . v lu;m al

surface
‘ of solid Water a b b

molecule

0 e

E\'AI’()R.\ TION

DISSOLVING
I'he particles of

a solid are held together in
When a solid dissolves
a liquid, its particles break away
from this strueture and mix evenly in
the liquid, forming a sohution

1 rigid struetur evaporate.

or moleeules ol which they

lo become gas particles.

SMOKE CELL

compartment
conlains smoke

Objeclive

_ Dissolved

Solid  Regular crystal struclurcl
’ particle

Iater adds on to

molecule structure

evaporates

Surface of
solution

Atom from
solid in
solution

When they are heated, most liquids

This means that the atons
are made
break tree Irom the body of the liquid

PARTICLES IN MOTION

BROVNIAN MOTION

When observed through a microscope,
smoke particles are seen Lo move about
randomly. This motion is caused by the
air molecules around the smoke particles.

Air molecules
in constanl
motion, nudge

the smoke Path of
particle to random
and fro movement

Light
source
Smoke
particle
Smoke cell . A B!
in place UNDER THE MICROSCOPE
Air
molecule / J Smoke
; \ ? particle |
Ajnl:;lf('ule ks |
24 of atoms {
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particle | Edge of
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SMOKE PARTICLE

CRYSTALLIZATION

Glass
beaker__

Glass
beaker

solid does not
evaporate
Water has
evaporated —.

Purple crystals

of polassium
permanganale
remain beliind

Surface
of solid

CRYSTALLIZATION

When all of the liquid in a solution
has evaporated, the solid is left
behind. The particles of the solid
normally arrange in a regular
structure, called a crystal.




MATTER AND ENERGY

Energy radiates

into space

Solar cell

| Radiation is made in the
Sun’s core during nuclear
reactions and is the source
of most of the Earth’s
energy

Hire

Silicon to motor
crystal

PHOTOVOLTAIC CELL

A transfer of energy, from
electromagnetic radiation
to electrical energy, takes
place in a photovoltaic
cell, or solar cell. When
no sunlight falls on it, it
can supply no electricity.

ENERGY TRANSFER

SANKEY DIAGRAM
This Sankey diagram
shows the energy
transfers in an
electric motor.

Width of the

JSrom cell

b}

At each energy
transfer somne energy
is “lost” as heat

0.1 J of kinetic energy POTENTIAL ENERGY
As the motor turns, it
winds a string around a
shaft via a set of gears.
The string lifts a 0.1
Arrowhead kilogram mass against
shows where gravity. The kinetic

Sun  THE CONSERVATION OF ENERGY

ELECTRIC MOTOR

Inside an electric motor, electrical
energy becomes the energy of
movement, also known as Kinetic
or mechanical energy.

The faster the motor
turns, the more

eisergy it has . Motor’s spindle

turns gears

— IForm gear

Crown
wheel

String
winds
around
shaft

|
0.1 kg mass
lifted to 1 m

arrow here shows energy is energy transfers to
how much energy | transferred potential, or stored Mass has
is available energy. If the string is potential
broken, the energy will energy of 1J
0.31 J of electrical energy 0.21 Jwasted as be released, and the
supplied each second heat in the motors mass will fall, gaining String lifts
Kinetic energy. l 0.1 kg mass

ENERGY TRANSFERS IN A CAR

A car’s energy comes from burning Gasoline
gasoline in the engine. This includes (chemical
the electrical energy in its battery, the o

. N energy)
potential energy stored as it climbs
a hill, and any heat generated in the
brakes or the engine. The arrows
show energy transfer.

Car stereo

(electrical to
sound energy)

Climbing a hill
(potential energy)

Heat energy
generaled
in engine

Car battery
(electrical
energy)

@ il

| Braking (heat energy)

Headlight (electrical
to light energy)

Kinetic energy greater
at higher speed

Mass has
potential

energy of
0.97]

1 kg mass
lifted to 0.9 m

1 Mass has

potential

0.1 kg mass }\ energy of
lifted to 0.8 m \ 0.8J

0.1 kg
mass




PHYSCS

Measurement
“and experiment

THE SCIENCE OF PHYSICS IS BASED on the formulation and

and involve making measurements — of mass, length, time,
| other quantities. In order to compare the results of various
experiments, it is important that there are agreed standard
units. The kilogram (kg), the meter (i), and the second (s)

objects, a graph can show the relationship
between the duration and the height of the fall.

Jaws measure either internal

or external diameter of object MEL 6 WIS,

Jaws

eyepiece

VERNIER CALLIPERS
For the accurate
i measurement of

@ an ohject’s width, . .
physicists often use Ly e RALITS
Vernier callipers. This Jine crossed wires

| is read off a Vernier scale,
®  which here allows reading
to an accuracy of 0.1 mm.

Veasured |

object § .
Focusing

knob
Vernier
scale

Ordinary Microscope

scale

Turning
knob moves
microscope
along rails

testing of theories. Experiments are designed to test theories

are the fundamental units of a system called SI units (Systeme

International). Physicists use a variety of instruments Fulerum
for making measurements. Some, like the Vernier P ~.
o . . o = g
callipers, traveling microscopes, and thermometers, = Q
are common to many laboratories, while others will A 1l
o X £i%  The metal object and the 1kg
be made for a particular experiment. The results of £ 1% powder shown here have the mass
measurements are interpreted in many ways, but f 13 same mass and therefore £ 4 3
. g" 1 the same weight. Y Powder
most often as graphs. Graphs provide a way of § \ i lobe
illustrating the relationship between two I /"[Iqtal 0.2 kg ;e‘ weighed
measurements involved in an experiment. For § ﬂ oviect mass_ F
. . . . . F N
example, in an experiment to investigate falling i T a———02kg :
g ¥ mass

Adjustable

body—~"

MASS AND WEIGHT
Mass is the amount of
matter in an object, and is
measured in kilograms.
Gravitational force gives

the mass its weight. Weight Spring
is a force, and is measured stretches 427"
in newtons (see pp.10-11), . :
using a newton meter like Pointer
the one shown on the right. moves
Itis common to speak of down
weight being measured in scale
kilograms, but in physics .
OF  ihis is not correct. Pointer
reads 10 N.

Spring in meter
produces force to
balance weight

NEWTON METER AND
KILOGRAM MASS

Scale pan

STANCE

TRAVELING MICROSCOPE
A Vernier scale makes the traveling microscope
an accurate instrument for measuring small
distances across objects. Two readings are taken
and the difference hetween the positions of the
microscope on its sliding scale provides

the measurement.

Ordinary
scale

Vernier
scale

Microscope slides
on rails




MEASUREMENT AND EXPERIMENT

THERMOMETERS
There are two types of thermometers commonly used in inodern
physics. The mercury thermometer has a glass bulb containing
mercury that expands as the temperature rises, while the digital
thermometer contains an electronic probe and has a digital readout.
Electromagnet

DIGITAL THERMOMETER

?ﬁ ¢ (<)
Mercury | Electronic Digital Plastic case

columnn

probe (LCh) contains L Ty
readout electronics :..
Glass tube Steel ball is T
held up by
MERCURY THERMOMETER Scale electromagnet 7 Clamp
’ e e e s T e R U . e O A
T - - - — ' [’ "\_‘&_ Steel ball
Mercury bulb Human body Glass tube h
temperature (37°C)
MAGNIFIED VIEW OF
MERCURY THERMOMETER
Glass bulb
INTERPRETING DATA @
TABLE OF RESULTS FOR A FREEFALL EXPERIVIENT X

A steel ball is dropped from a variety of heights and the duration of each
fall is timed. The results of these measurements are entered into a table.

.051 0.10] 0.15 [0.20 [ 0.25 [ 0.30 | 0.35 [ 0.40 | 0.45 [0.50
10 | 0.14 | 0.17 | 021] 0.22 | 024 | 0.26 | 0.27 | 0.30 | 0.31

RESULTS OF A FREEFALL EXPERIMENT IN GRAPI1 FORM
A graph allows us to visually identify the relationship between the time and the
height of the fall. There is an element of uncertainty or error in every result

obtained, so each is plotted on the graph as a short range of values forming an error Ball
bar instead of a point. The curve is drawn so that it passes through all the bars. ot accelerates
: due to the
L pull of
Y-axis gravity

Ball approaches
terminal velocity

Some points fall

Bars show below curve

margin of error

As ball hits base,
second swiltch is
activated

Duration of fall (s)

T o
005 010 015 020 025 030 Switch

Height of fall (m)

-
Q
8
Ed

normally
held apart)

Wire from
Sirst switch

Electronic
limer:

(two contacts

FREEFALL EXPERIMENT

Wire from
Jirst swilch

APPARATUS FOR
TIMING THE FALL
OF AN OBJECT

A switch turns off
the electromagnet,
releasing the ball
while simultaneously
starting the timer. As
the ball hits the ring
stand base, a second
switch is activated,
and the timer stops.
Times of falls from
various heights are
measured and plotted
on a graph (see left).

I
|

Ring stand
base

Hire to
battery,

Electronic
timer stand

Digila

display!  second
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PINSICS

REACTION FORCES

FORCES ON A LEVEL SURFACE

A table provides a force called a reaction, which exactly
balances the weight of an object placed upon it. The resultant
force is zero, so the object does not fall through the table.

Forces 1

A FORCE IS A PUSH OR PULL, and can be large or small. The
usual unit of force is the newton (N), and can be measured using

a newton meter (see pp. 18-19). Force can be applied to objects
at a distance or by making contact. Gravity (see pp. 22-23) and

.10 N reaction force
/

electromagnetism (see pp. 44-45) are examples of forces that Solid
can act at a distance. When more than one force acts on an object, surface

the combined force is called the resultant. The resultant of

several forces depends on their size and direction. The
object is in equilibrium if the forces on an object are
balanced with no overall resultant. An object on a solid

flat surface will be in equilibrium, because the P T—
surface produces a reaction force to balance the Hiaass
| object’s weight. If the surface slopes, the object’s
weight is no longer completely canceled by the FORCES ON A SHALLOW SLOPE
reaction force and part of the weight, called a Gravity acts downward on the Reaction force  nroi0n
g q q 1 kg mass shown. The slope produced by T
component, remains, pulling the object toward provides a reaction force slope

the bottom of the slope. Forces can cause rotation
as well as straight line motion. If an object is free
to rotate about a certain point, then a force can
have a turning effect, known as a moment.

i RESULTANT FORCE

IFire 1 kg
| A | kg mass has a weight of 10 N. Here, this weight is . mass
supported by two lengths of wire. Each wire carries a 2.4 N force
force that pulls against the other at an angle. The down slope .
combination or resultant of these forces is 10 N Shallow 2.4 Nwill
vertically upward and exactly balances slope SopD s
the weight. The force carried by each S Jrom sliding
wire is measured by 