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SCIENCE

TECHNOLOGY

cience makes discoveries; technology puts the

discoveries to use. From earliest times, prehistoric
people observed the weather, the behavior of animals,
and the growth of plants; their observations marked the
beginnings of science. The first sciences to develop were '@
counting (mathematics), healing (medicine), the rising and
setting of the Sun (astronomy), and tools (mechanics). When
people first picked up stones to use as tools or weapons, the
long march of technology had begun.

In modern times scientists have learned to rely
on method as well as observation to acquire
knowledge. They try and find out how things
happen through a series of experiments. The
scientists can then predict what ought to
happen, given certain conditions. If the
experiments show that his or her theory is
L correct, the scientist may be able to state a
new principle or rule.

Science and Technology first deals with the ﬁ

different branches of science, including matter

and energy, force and motion, space and time, light
and sound, and electromagnetism. The technology section
covers engineering, transportation, materials, farming,
medicine, and modern communications.

Brian Williams

\




DISCOVERING SCIENCE

The Branches of Science

Science means knowledge (from the Latin word of energy. Science has various branches concerned
scientia), and therefore it covers every field of with different areas of knowledge. They include the
physical sciences, such as astronomy, chemistry,
physics, and geology; mathematics; life

sciences, such as biology, botany, and zoology;
power, for example, to make their lives more and social sciences, such as anthropology,
omfortable and to change their environment. It economics, and psychology. The pages that
has also given people technology —the ability to make  follow concentrate on the ways in which science and
001s, to build with materials, and to harness sources  technology have shaped the modern world.

olnBiny s g

human inquiry. The desire to find out how and
' why things work is one of humankind’s most
distinctive qualities. Science has given people

Ancient scientists
thought there

were only four
“elements™

< Astronomy began thousands of years ago
when people first peered at the stars. The study
of the universe is called cosmology. Modern
ideas about cosmology date from the 1500s,
when Copernicus showed that the Earth and
other planets orbit the Sun. The universe began
about 15 billion years ago, almost certainly
with the Big Bang.

The Solar System

Mars  Jupiter

' Uranus Pluto

CHEMISTRY
Modern chemistry has
' its origins in alchemy,
a mixture of science
and superstition. The
Egyptians, Chinese,
and Arabs were

Neptune

(Distances not shown to scale)

o

+

> The steam engine
changes heat energy
into mechanical
energy. James Watt
perfected his steam
engine in the 1780s;
The first steam
railroad to carry
passengers on a regular
schedule opened in
1830 in the U.S.

10

masters of alchemy.
Early chemists made
important discoveries
(such as gunpowder)
and identified a
number of elements,
while vainly seeking a
magical method to
turn lead into gold.

First chart of the
chemical elements
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€ Our understanding

of how living things
reproduce themselves
stems from the
discovery of the DNA
molecule which carries
genetic information in
every cell.

< Theories about the
nature of the atom

* date back to ancient

Greece. By 1913,
Ernest Rutherford and
Niels Bohr had de-

- scribed a “model” of
the atom. Nuclear
fission, or “splitting

the atom,” was first

~achieved in 1938 and
led to the development
of the first nuclear
reactor in 1942.

¥V The Renaissance in
Europe (1400s—1500s)
was an age of
discovery. Artists such
as Leonardo da Vinci,
who drew this
anatomical drawing,
were also scientists.

MATHEMATICS
Mathematics has its
roots in India, China,
the Arabian Peninsula,
and Greece. From the
abacus, a beads-on-a-
frame calculator
invented 5,000 years
ago, we have moved
to computers, with
their microchip
technology.
Computers have the
ability to process
data at fantastic
speeds using codes
based on the binary
system (which
counts in Os and 1s).

Silicon chip in
plastic

VY The first people to use geometry were
| the Babylonians and Egyptian pyramid-
f builders (about 5,000 years ago). The

Greek mathematician Pythagoras

devised his right-angled triangle theorem

in the 500s B.c. Pythagoras proved that

in this kind of triangle (shown below)

the larger square has the same area as
the sum of two smaller ones.

™ Right-angled triangle




MATTER AND ENERGY

Atoms and Molecules

P 1 atter is all the material in the universe— of only one kind of atom. Atoms are made of even
animals, plants, rocks, air, and water. Matter smaller particles, called electrons, moving around
can exist in three familiar states—solid, liquid, a center called a nucleus made up of neutrons

and gas. A fourth state, plasma, is formed
at very high temperatures—for example,

and protons, in much the same way as the

planets orbit the Sun. Within the atom is
within stars. In all its states, matter is made immense energy, which can be released by
of the same basic units—atoms. The smallest splitting the atom to produce a chain reaction,
piece of a substance that can exist on its own is called nuclear fission. Atoms can combine with other
called an atom. An element is a substance made up atoms to form molecules.

V¥ Every atom has a » Every atom of an Nucleus of
nucleus, a very small element has the same

V Atoms are incredibly tiny—a speck of dust

caibon atom B contains a quadrillion atoms! If an atom were

region at its center, number of protons as the size of a coin, you would be many, many
which contains electrons: its atomic times taller than the tallest skyscraper.
particles called protons number. Carbon has
and neutrons, except the atomic number six.
hydrogen which has An element’s atomic  Six protons— = —~.  Six neutrons
| no neutrons. Around weight (or mass @ . ~
, the nucleus are number) is the number ‘ o
electrons. Protons of protons and @ @ . @ A
carry a positive (+) neutrons in the nucleus. . . =
electric charge, Carbon’s atomic ‘ @ V8
electrons have one unit weight is twelve. -

of negative (— ) charge,

P
and neutrons have no
charge. >

Atomic
number 6

Electron orbit




Z @ Energy received
C o » Anelectron QEICC"O"
)‘b‘; Qo 1ONIC BONDING orbiting the nucleus of 8
LN Oiiter shell an atom can absorb \
9 p energy (such as light) / Electron \
iy Lo and move from its /
o Sodium F @ e & normal orbit to a \
9 @ Q higher one. If it moves I
4 @ 9 back again it gives off l
3 % o ‘ 5? energy. The amount of \ /
VW o 9 | energy given off is Nucleus
Electrons transferred = D measured in quanta. /
Quantum theory, first
5 " & Chlorine put forward by Max
@ Planck (in 1900) and
s @ @ Niels Bohr (in 1913),
) explains how atoms
g 9 give offquanfa, or
@ po- o packets, of light- Energy
i @F encrsy- given off
lonic bond formed & o & %,\ :
§ (| @ |
A\ »’Q:b [
A A chemical % Q - ﬂ
; = i
compound is made of . 2
atoms of different elements 9
bonded together. Usually an atom has no Bubble
electric charge: its positive nucleus and chamiber

negative electrons cancel each other out.
Sometimes one atom transfers electrons

to another atom. The atoms then become
positively or negatively charged ions. lons of
opposite charges attract each other to form a
bond, called an ionic bond.

" A Atoms have
even smaller
particles than the
proton and neutron.
These are all called

e subatomic particles. Their

; . tracks can be seen in a special
f Outer shell device known as a bubble
% e % chamber.

R Shared electrons V¥ Molecules are made of atoms

e
©
Oxygen Hj

bonded together in various ways. A
molecule may contain just two or
three atoms (for example,
hydrogen or nitrogen oxide), or
thousands of atoms. The
molecule takes the

shape that forms the
strongest bonds

Carbon %} between its atoms.

% - Many rocks and metals

‘ . ) are found as crystals.

&% % All the crystals of an

COVALENT BONDING Py element or compound
Carbon dioxide (CO,) o

have a regular shape
because their atoms are
arranged in patterns.

Oxygen

A Covalent bonding is the other main type of
chemical bonding. Here two or more atoms
join by sharing pairs of electrons. Together
they are more stable than they are apart.

13




What Are Things Made Of?

Every substance is either a chemical element or a

. . . HYDROGEN BONDS
combination of elements. The atoms in a substance are

In water, hydrogen and oxygen atoms join i ;
held together by chemical bonds that form molecules. by sharing pairs of electrons—an example el

Different elements can bond together to make compounds. of covalent bonding. Water molecules are
As bonds form or break, a chemical reaction takes place. also held together by hydrogen bonds. These

. . C. . . . weak bonds are important in building large
Carbon is found in all living things. It combines freely with molecules such as DNA

hydrogen, nitrogen, and oxygen. Organic chemistry (deoxyribonucleic acid) and
concentrates on substances that have carbon-to-carbon protein structnres.
bonds: there are over one million organic compounds.

—

A PR CRC Ve ¥
Non-bonding pairs =/ >

» Diamond is a form
of electrons

of pure carbon. The
atoms in diamond are
arranged in a dense
lattice framework.
This is why diamond
is so hard. Carbon
makes up less than
0.03 percent of the
Earth’s crust. Most of
this carbon is
combined with other
elements.

— Oxygen atom
/s N

s/

+ ry NOWS
Hydrogen bond —/;." S

Covalent bond /

¥ S
Positive hydrogen atom

< Graphite, once
called plumbago, is
another form of pure
carbon. Its atoms are
arranged in layers
which slide easily over
one another. Graphite
is one of the softest
solids. It is also greasy
and makes a useful
lubricant. The “lead”
in a pencil is a mixture
of graphite and clay.

Plastic cassette /
case Toothbrush

THE USES OF Detergent
HYDROCARBONS
H
e g
H—}C_Ct H Benzene oL
H H -
Ethane H H
H

' A Hydrocarbons are compounds made only of
hydrogen and carbon atoms. They are found in
petroleum and natural gas. Hydrocarbons found
in nature also provide the raw material for
making plastics, solvents, and other synthetic
materials. In hydrocarbons, carbon atoms are
arranged either in chains (as in ethane) or rings
(as in benzene).




» A polymer is made
of one or more large
molecules formed from
thousands of smaller

 molecules. Rubber and
wool are natural
polymers. Plastics are
synthetic (artificially-
made) polymers. In
many polymers the
smaller molecules join

to form long chains.

A An acid is a compound of hydrogen and at
least one other element. Solutions of acid are
usually sour-tasting and corrosive. Acids dissolve
many metals and turn blue litmus paper red.
Acid rain (rain polluted by acids in the
atmosphere by the burning of industrial waste
gases) has damaged trees and crops and

polluted rivers and lakes in many countries.

» Analloy is a mixture of two
or more metals (and sometimes
a non-metal). The mixture is
made by bheating and melting
the substances together.
Examples of alloys are bronze
(copper and tin), brass (copper
and zinc), and steel (iron and
carbon). Aluminum alloys are
used in aircraft. Jet engines -
and parts of spacecraft are ;
made of “super-alloys”

containing nickel, cobalt,

and other elements.

» Chemists find out about the
makeup of a substance by
analyzing it. Qualitative analysis
shows what elements a substance
contains. Quantitative analysis
shows how much of each element
it contains. A flame test is one
way of identifying elements in
compounds. The compound is
burned at the end of a platinum
wire in a Bunsen burner.
Different elements burn with
distinctive colors.

-

Potassium

Bunsen burner

15




The Periodic Table

In all, 103 elements have been officially named. Ninety-
two elements occur naturally on the Earth and others have
been made in laboratories. Scientists claim to have
discovered a further six elements, known as 104 to 109.
Twelve elements were known to the ancient world (before
A.D. 1000). Seventy-six more were identified between the

EVERYDAY USE OF ELEMENTS

<« Neon (used for
artificial lighting) is

1500s and 1920s. Each element from 1 (Hydrogen: H) to a noble gas.
103 (Lawrencium: Lr) has a symbol. Chemists use these
symbols when writing formulas for compounds. 5 N

» The periodic table presents information about

the elements: their name, atomic number, and Neon-lit sign d
similarities with other elements. The elements are

arranged in periods, or rows, in order of » Phosphorus (used Phosphorus
increasing atomic number. Groups of elements in matches) is ¥ match
share certain characteristics because of the way another non-metal. y

the electrons in their atoms are arranged in shells.
Elements with the same number of electrons in

their ou{ermost shells behave similarly. There are o - = o 2 . o7
two main groups: the non-metals and the metals; Scandium |  Titanium Vanadium | Chromium | Manganese| Iron Cobalt
certain similar elements fall into families, e.g. Se T U Cr i Fe Lo
alkali metals, transition metals, and inner
transition metals. 9 0 al 2 N “ 5
Yttrium Zirconi iobi Molyb Techneti Rutheni Rhodium
Y Zr Nb Mo T Ru Rh
Alkali metals Transition
metals
57-71 7 3 7 75 ST n
anide|  Hafnium Tantalum | Tungsten Rhenium Osmium Iridium
s Hf Ta w Re Os Ir
Non-metals lnnf3r transition
e 89-103 105 106 107 108 109
inide | El El El El Element Element
s 104 105 106 107 108 109
DOWN . )
" 5 SR oA
V Water is a molecule made Going down, the
of two atoms of hydrogen size of atoms -
(H) and one atom of increases; 7
oxygen (O). Hydrogen is elements in the
the simplest and most same group
abundant element in the behave similarly.

universe. Methane gas is a
hydrocarbon made of one
atom of carbon and four
atoms of hydrogen. Carbon
dioxide is made of two
atoms of oxygen to one of
carbon.

Bl

» Gold is a metallic
element. It is soft, ~ Gold bar
but heavy, and forms "
few compounds.

S

-

A Uranium exists in
several isotopes, or
varieties. It is used
as a nuclear fuel and
in weapons.

o Water (H,0)

Nuclear explosion

(CH,)




