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The whole of modern electronics is built on
the properties of one tiny particle that is found
in the atoms of all elements—the electron.

At the end of the 19th century most physicists were convinced
that chemical elements existed in the form of atoms-tiny units of
matter that are normally undivided and indivisible. But nothing
at all was known about their internal structure.

The first glimpse into the atom came when the English physicist
William Crookes (1832-1919) invented the Crookes tube. It was a
glass bottle in which the air pressure could be reduced to a ten-
thousandth of its normal value. Two electrodes protruded into
the lowpressure gas. When a high voltage was applied across
the electrodes, glowing colored patches and bands of light
appeared in the tube. The light changed in complex ways as
the pressure and voltage were altered.

ELECTRONS IN ORBITALS

In an atom the negatively charged electrons surround
the positively charged nucleus. The regions in which
they are found are known as orbitals. Shown here is an
atom of carbon, with its six electrons.

Orbital

Electron T

Nucleus o ¥

THE HEART OF THE ATOM

Ernest Rutherford (1871-1937) allowed positively charged
alpha particles to bombard a thin foil of gold. Most passed
straight through, but a small number were deflected
through large angles, showing they had bounced off a
positively charged core, or nucleus, within the atom.

Deflected alpha

Source of alpha
particle

particles

Gold foil

Deflected ‘ o @ e Movable detector
alpha particle i
Undeflected alpha

Nuclei of gold atoms — particle

Mysterious rays

Crookes was able to show that the bands were caused by
something moving from the negative electrode (the cathode)
toward the positive electrode (the anode). He gave the name

p

& Anode: A positive electrical terminal on a device such

SCIENCE WORDS \

as a battery. Electrons flow into the device through the
anode. See also Cathode.

& Atom: The smallest part of a chemical element that
can exist on its own. It has a central nucleus, surrounded
by electrons.

& Cathode: A negative electrical terminal on a device

such as a battery. Electrons flow into or out of the device

\ through the cathode. See also Anode.




"cathode rays" to these streams of mysterious objects. Another
English physicist, J. J. Thomson (1856-1940), applied electric and
magnetic fields to cathode rays. He found that the rays consisted
of identical, negatively charged particles. They were the same no
matter what sort of gas was in the tube, and they seemed to be
much lighter than even the lightest atom. Thomson claimed that
these particles were all fragments of atoms. They were soon named
"electrons” from the Greek word elektron, which means "amber”
(static electricity was first made by rubbing amber).

Cathode rays consist of electrons that have emerged at the
cathode, and flow from the cathode toward the anode. They
collide with gas atoms on the way, knocking further electrons

out of those atoms.

If the normally electrically neutral atom contains negatively
charged electrons, it had to contain equal amounts of balancing
positive charge. So how were the electrons and the positive
charge arranged in the atom?

Deeper into the atom

A New Zealand-born physicist, Ernest Rutherford (1871-1937),
probed deeper into the atom in 1911, For this he used alpha particles,
which are given out in radioactivity. They are helium atoms

that have lost their electrons and are thus positively

charged. Rutherford allowed them to strike a thin sheet

of gold. Most went right through, but a tiny number

were deflected, some of them quite strongly.

The only way he could explain this was to suppose that

The scale of the atom

Electronics involves electrons, and electrons come from
atoms. An atom consists of a central nucleus surrounded by
one or more orbiting electrons. But how solid is an atom? And
how small is an electron? In this project you will make a scale
model of a simple atom.

What to do

The simplest atom is the hydrogen atom. It has a nucleus
consisting of a single proton, and a single electron orbits this
nucleus. In this model, a tennis ball represents the nucleus, and
a pea represents the electron. Their sizes are in about the right
proportion, so you can see how much smaller the electron
actually is. But how big is the hydrogen atom?

To make a scale model of the atom, you will have to go outdoors
to a tennis court (or an area of similar size). Place the tennis ball
at one corner of the court. Then walk over and place the pea at
the corner diagonally opposite the ball. If you don t have access
to a tennis court, place the pea about 27 yards (25 meters) from
the tennis ball. This distance is in about the right proportion to
the "proton" and the "electron," so you can see that a hydrogen
atom is mostly empty space. So are all other kinds of atom. If you
keep hold of the tennis ball, try to persuade a friend to hold the
pea and run around you in a big circle about 55 yards (nearly
50 meters) across. This is modeling what the electron does in a
hydrogen atom, though it doesn t get
out of breath like your friend will!

the positive charge was concentrated in a tiny core, or

nucleus, at the center of the atom. Most alpha particles
missed the nuclei, but some came very close, were
repelled, and bounced back.

The nucleus proved to have one ten-thousandth
the diameter of the atom. Electrons roam
through the outer parts of the atom—relatively

speaking, a truly enormous volume.

This model of the hydrogen atom is
very roughly to scale, with the tennis

ﬂ ball standing for the nucleus and a
pea representing the electron. Even

at this scale the pea is slightly too

large, but the model emphasizes

\ that an atom consists mostly of

\ empty space.
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Now that electrons were known, ingenious /

experiments revealed their properties. WILLIAM CROOKES

They proved to be responsible for the most

significa nt properties of all of the matter By the time Sir William Crookes died in 1919, one of his greatest
around us. When th ey break loose from their contributions to science, the Crookes tube, had already been

used to create crude images. But he could hardly have dreamed
that within a few years of his death it was to become the basis
for a whole new technology of communication: television.
However, the great scientific importance of the Crookes tube
had earned him a knighthood, awarded in 1897. The tube was
also used as one of the earliest sources of x-rays. Crookes, born

atoms, electrons can flow as electric currents.

William Crookes (1832-1919) carried out experiments
with his tube, which showed that cathode rays consist of
something moving from the cathode to the anode. He was

able to demonstrate that these objects could exert pressure on in 1832, was a highly practical person and invented improved
obstacles placed in their path. Also, J. J. Thomson (1856-1940) methods of making sugar from beet, dyeing textiles, and
had shown that the objects were probably very small. extracting silver and gold from their ores. He also invented

several scientific instruments and publicized the benefits of
electric lighting. In 1861, he discovered the metal thallium from
the new and unknown pattern of colors in its spectrum and

. went on to study it. J

The American physicist Robert Millikan (1868-1953), who
measured the charge on the electron in 1909, confirmed these

facts. When combined with earlier measurements by Thomson,

THE CROOKES TUBE

) Heated cathode Anode with central hole Tin Maltese cross — Shadow cast
An air pump reduces the pressure ‘

in the glass tube. When a high
voltage is applied between the

two electrodes (cathode and
anode), negatively charged particles £
move from the cathode (negative
electrode) toward the anode
(positive electrode). These "cathode
rays" overshoot and strike the far end
of the tube, making it glow. They il
cast a shadow if an obstacle is put to negative

Cathode
in their path. (Crookes himself used voltage

rays
a thin piece of tin in the shape of a

Maltese cross.) ==
Connected to |
positive voltage

Connected to ground




he showed that the mass of the electron was approximately one
two-thousandth of the mass of a hydrogen atom.

Physicists now understand what electric currents are. They
consist of electrons that have broken free from their atoms and
are drifting through, say, a metal wire, or sometimes through
space, like the streams of electrons in the Crookes tube. Currents
generate heat as the electrons bump into atoms. If they
generate enough heat, the temperature of the material rises
until it glows—this is what happens in the tungsten filament in
an electric light bulb.

Structure of the atom

The experiments by Ernest Rutherford (see page 5) had shown
that the outer regions of atoms were occupied by electrons,
while at the center was the nucleus, positively charged and
carrying most of the atom’s mass. It was natural to think of the
atom as being like a miniature Solar System, with the electrons
playing the role of planets and orbiting the central nucleus,
which stood for the Sun. The electrons were held in place not
by gravity, but by the attraction between their negative charges
and the positive charge on the nucleus.

/

SCIENCE WORDS \

& Crookes tube: An early experimental vacuum tube in
which cathode rays were generated.

& Electromagneticradiation: Energy transmitted through
space or a material medium in the form of electromagnetic
waves.

& Electron: A subatomic particle, found in every atom,
that carries negative charge. Most currents consist of
electrons in motion.

& Quantum theory: Theory based on the idea that light

K is emitted in separate packets, or quanta (also known as photory

PRESSURE OF ELECTRONS

In one of the demonstrations that can be carried out with a
Crookes tube, a vane that is free to rotate is placed inside it.
When a voltage is applied, the vane is pushed around until
it is parallel with the stream of cathode rays. This experiment
confirms that cathode rays are particles rather than waves.

Pivoted vane Anode
Cathode - =

High-voltage supply

There was a huge problem with this picture. According to the
theories that existed, electrons whirling around within the
atom like this should give out all their energy in a brief burst of
electromagnetic radiation as they spiraled into the nucleus. All
atoms should collapse within a fraction of a second.

In 1912, the Danish physicist Niels Bohr (1885-1962) suggested
that electrons can occupy only certain orbits, each orbit having
its own definite amount of energy. The only way they can move
between orbits is to make an abrupt jump from one to another,
giving out or taking in energy, in the form of electromagnetic
radiation, in amounts corresponding to the differences in the
energy levels of the orbits. Atoms do not collapse because their
lowest energy levels are filled with electrons.

From this picture of the atom, scientists gradually developed
quantum theory, which is the basis of modern physics.
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Electricity is one of the essentials of modern living.
It provides us with light, heat, communications,
and power. Even ancient peoples knew about
electricity—but not the kind you get at the turn
of a switch. It was the type of electricity called
static electricity, created when an electric charge
builds up on an object.

The word "static" means stationary, and static electricity

is concerned with stationary electric charges. More than 2,500
years ago, an ancient Greek scientist named Thales of Miletus
(c.624-c.546 BC) discovered that when a piece of amber is
rubbed with a cloth, it can pick up small pieces of paper, rather
like a magnet picks up pins. When 17th-century scientists began
to study this effect, they made up the word "electricity" from
the Greek word elektron, which means "amber." But what exactly

is static electricity, and where does it come from?

& SCIENCE WORDS \

& Charge: A property of some subatomic particles and
some objects that makes them exert forces on one
another. There are two types of charge: negative charge
and positive charge.

& Nucleus: (plural: nuclei) The central part of an atom,
consisting of protons and neutrons.

& Static electricity: An electric charge on an object that

Khas lost or gained electrons. j

Atomic electricity

Like so many questions in physics, the answer to the last
one has to do with atoms. An atom consists of a central

nucleus surrounded by one or more electrons. The nucleus

FRICTIONAL ELECTRICITY

Rubbing a plastic ruler with a cloth (@above) gives the ruler
a charge of positive electricity. The charge arises because
electrons are transferred from the ruler to the cloth. The cloth

becomes negatively charged.

Human hair (right) works even better than cloth. The friction
when you comb your hair about twenty times gives the comb
a negative charge. The positively charged hair may stand on

end.




