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FORCES

A force-influences the shape and motion of an object. A single
force will:.change its velocity (i.e. accelerate* it) and possibly
its shape. Two equal and opposite forces may change its
shape or size. It is a vector quantity*, having both magnitude

and direction, and is measured in newtons. The main types of
force are gravitational, magnetic, electric and strong nuclear.
See pages 104-107 for a comparison of the first three of these.

Showing forces in diagrams

Forces are shown by arrowed lines (the length represents
magnitude and the arrow represents direction).

Effect of Fy and F is the same as
Fp (the resultant force). F; and
F, are the components of F. .

Force W resolved into
two components . Cbmp onent
#ight

Component o X angles tb
parallel to slope . - w Slope
Newton (N)

The SI unit* of force. One newton is the force
needed to accelerate a mass of 1kg by Tm s

Force field

The region in which a force has an effect The
maximum distance over which a force has an
effect is the range of the force. Force fields are
represented by lines with arrows, called field
lines, to show their strength and direction (see
also pages 58 and 72).

é‘ Force field around
. bar magnet .

Direction Low density
of field of field lines
— weak field

High density
of field lines
— strong field

%

The Earth’s
gravitational
force makes seeds
fail to the ground.

Gravitational force or gravity

The force of attraction between any two
objects which have mass (see also pages
18-19). It is very small unless one of the
objects is very massive.

Gravitational force
belweerr masses-of
rockets s very-small;

Gravitatlonal force
between mass of
rocket .and Earth
islarge.

Electromagnetic force

A combination of the electric and magnetic
forces, which are closely related and difficult
to separate.

Electric force of }epulsio.n

Electric or
electrostatic force
The force between two
electrically-charged
particles (see also page
56). It is repulsive if the
charges are the same,
but attractive if they
are opposite.

Electric force of attraction

Magnetic force

A force between two moving charges. These
moving charges can be electric currents* (see
also page 60) or electrons* moving around in
their electron shells*.

Magnetic forces in electric wires

Current Para//el wires.carrying current * Current in
in same opposite
direction | _ direction
Magnetic — Magnetic
force of force of
attractlon repuision

* Acceleration, 11; Current, 60; Electrons, Electron shells, 83;
SI units, 96; Vector quantity, 108,



Intermolecular forces

The electromagnetic forces between two
molecules. The strength and direction of
the forces vary with the separation of the
molecules (see diagram below).

Intermolecular forces L . 2
) “Far apart . Molecules
. : --electrically
; £ L\Jo force reutral from.
E - g adistance. )
Electrons™* (negative)
Attral in-one molecule -
CI @‘V ttraction @ attract nueleus*-
Oser {positive) of other. .
Electraris gindt nuclei
repel.each other
respectively.
No - - - frsolids, molecules -
resultant. . ) “are in-equilibriciny at
Ntarce N this spacing.
' e -

Tension

Equal and opposite
forces which, when
applied to the ends
of an object, increase
its length. They are -
resisted by the
intermolecular force
of attraction.

Molecules pulled apart by -
tension.

intermolecular
force resists.

Compression
Equal and opposite
forces which
decrease the length
of an object. They
are opposed by the
- intermolecular force \}
of repulsion.

Molecules pushed together
by compression.

Repulsive
intermolecular
L force resists.

Contact force
The intermolecular force of repulsion between
the molecules of two objects when they touch.

"Molecules
of
Molecufes Contact force (repulsive
of table intermolecular force)

*Electrons, 83; Neutrons, Nucleus, Protons, 82.

Strong nuclear force

The force of attraction

between all the particles of an
atomic nucleus* (the protons* and
neutrons*). It prevents the electric
force of repulsion between the
protons from pushing the nucleus
apart (see also page 84).

Particles in an
atomic nucleus
are held
together by the
nuclear force.

Frictional force or friction

The force which acts to oppose the motion
of two touching surfaces over each other,
caused by the intermolecular force of
attraction between the molecules of the
surfaces. There are two types, the static
and the kinetic frictional force.

Static frictional force

The frictional force between two touching
surfaces when a force is applied to one of
them but they are not moving. The maximum
value of the static frictional force occurs when
they are on the point of sliding over each
other. This is called the limiting force."

Kinetic frictional force or

sliding frictional force

The frictional force when one surface is
sliding over another at constant speed. It is
slightly less than the limiting force (the
maximum static frictional force).

Kinetic frictional
force resists when

Maximum static
frictional force

Static frictional

force on stationary

block balances resists when block is  block moves at

applied force. on point of moving.  constant speed.
| | |

=

Contact at high points (only a few
atoms high). Surface atoms bond
to form microwelds.

Coefficient of friction ()
The ratio of the frictional force between
two surfaces to that pushing them together
(the normal contact fqrce). There are two
values, the coefficient of static friction and
the coefficient of kinetic friction.

frictional force (F)-
= normal contact force (R)

- | Coefficient

of friction













Relative velocity

The velocity which an object appears to have
when seen by an observer who may be
moving. This is known as the velocity of the
object relative to the observer. '

Relative velocity Velocity of B =
of B(seert from A) 30m  toleft.
=.70n7 5~ toleft. B

Sl Relative velocity of
Velocity of A = A {(seen fromy B) =
“ - 40m s~ to right. 70m  to fight.

Acceleration
The ratio of the change in velocity of an
object to the time taken. It is a vector quantity*.
“ An object accelerates if its speed changes (the
usual case in linear motion) or its direction of
travel changes (the usual case in circular
motion*). Deceleration in one direction is
acceleration in the opposite direction (negative
acceleration). An object whose velocity is
changing the same amount in equal amounts
of time is moving with uniform acceleration.

Graphs of velocity versus time showing acceleration

42 Velocity & Velocity

S SO S ! Constant

-~ H v

L Acceleration
Gradient constant i h
" uniform Decelération
1cceleration 0
Time L Tide

Distance traveled in equal time
intervals increases, remains
constant, then decreases.

Distance traveled in equal
time intervals increases.

Rotational motion

The movement of an object about its center
of mass. In rotational motion, each part of the
object moves along a different path, so that
the object cannot be considered as a whole in
calculations. It must be split into small pieces
and the circular motion* of each piece must
be considered separately. From this, the
overall motion of the object can be seen.

Object split into small pieces
for calculating rotational
motion .
mi
Path
of m, Path-of m,

*Circular motion, 17; Vector quantity, 108.

MECHANICS AND GENERAL PHYSICS

Equations of uniformly accelerated
motion

Equations which are used in calculations
involving linear motion with uniform
acceleration. A sign convention must be
used (see below). The equations use
displacement, not distanice, so changes
of direction must be considered.

= final velocity after t:-

displacement after o
-acceleration (constarit): - |l

Sign convention

A method used to distinguish between
motion.in opposite directions. One
direction is chosen as positive, and the
other is then negative. The sign convention
must be used when using the equations of
motion (see above).

Sign convention

_ Right chosen
as positive
Displacement 0

Negative Positive
displacement displacement
Object moving Object moving
to left has to right has
negative positive
velocity. velocity.
Velocity becoming more Velocity-becoming more
negative means negative positive means. positive
acceleration (deceleration). acz;e!eratiog‘



















Natural or free oscillation

The oscillation of a system when left after
being started. The period and frequency of
the system are called the natural period and
natural frequency (these remain the same as
long as the damping is not too great).

Natural oscillation

Swirigs at natural
frequency after
heing released.

Forced oscillation

The oscillation of a system when given a
repeated driving force (a force applied to the
system) at regular intervals. The system is made
to oscillate at the frequeéncy of the driving
force, irrespective of its natural frequency.

Forced oscillation

Driving force is
supplied by person
pushing the swing.

Frequency equals the
driving force supplied
by the person pushing.

Resonance

The effect exhibited by a system in which the

frequency of the driving force (a force applied
to the system) is about the same as the natural
frequency of the system. The system then has

a large amplitude.

Resonance

Driving force at-end.of
each swing —.at natural
frequency of swing.

Amplitude increases -
resonance occurs.

MECHANICS AND GENERAL PHYSICS

Circular motion

Uniform circular motion
The motion of an object in a circle at constant
speed. Since the direction (and therefore the
velocity*) changes, the object is constantly
accelerating* toward the center (centripetal
acceleration), and so there is a force acting
toward the center. Circular motion can be
considered in terms of angular velocity.
———————Speed around circle is constant.

Object takes time t to
move through angle 6.

Angular velocity is a measure of
the angle moved through per second.
It is measured in rodians per second.

Angular velocity = 8/t rad s-1

Centripetal acceleration (a)

The acceleration* of an object in circular
motion (see above) acting toward the center
of the circle.

Centripetal force

The force which acts on an object toward

the center of a circle to produce centripetal
acceleration, and so keeps the object moving

in a circle.
Constant speed around circle

Velocity at A

Direction of centripetal
acceleration (and centripetal
force)

Angular acceleration involves
a change in angular veloclty
(i.e. speed around circle changes).

Velocity at B

Centripetal force
has an equal and
opposite reaction
(see Newton’s
second law, page
12), called

Centripetal force
= {0 move person
A\ in circle applied
by seat.

Reaction to

centrifugal force. ¢eniripetal force
(centrifugal
It does not act on  foree)

the object moving
in the circle so is
not considered in
forge‘s calculations.

= Acceleration, 11; Velocity, 10.
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EFFECTS OF HEAT TRANSFER™ 4 Y

its internal energy* increases or decreases. This results in either
a rise or fall in temperature (the amount of which depends on
the heat capacity of the object) or a change of state.

When an object absorbs or loses heat energy (see pages 28-29), \D“”'"g

Changes of state

A change of state is a change from one
physical state (the solid, liquid or gaseous
state) to another (for more-about physical
states, see page 5). While a<change of state is
happening, there is no change in temperature.
Instead, all the energy taken in or given out is
used to make or break molecular bonds. This
is called latent heat (L) — see graphs, page 31.
The specific latent heat () of a substance is

a set value, i.e. the heat energy taken in or
given out when Tkg of the substance

changes state.

Evaporation

The conversion of a liquid to a vapor by the
escape of molecules from its surface. It takes
place at all temperatures, the rate increasing
with any one or a combination of the
following: increase in temperature, increase
in surface area or decrease in pressure. It is
also increased if the vapor is immediately
removed from above the liquid by a flow of
air. The latent heat (see above) needed for
evaporation is taken from the liquid itself

which cools and in turn cools its surroundings.

Changes of state
Temperature remains constant (see graphs, page 31).

Changes due to heating.

Heat energy taken in,
which would have raised

instead (as latent heat)

S

Heat added
the temperature, used Melting

evaporation,
molecules .escape
from the surface

of a liguid. ./

Vaporization
The change of
state from liquid
to gaseous at a
temperature called
the boiling point (when the liquid is said to be
boiling). The term is also used more generally
for any change resulting in a gas or vapor, i.e.
- including also evaporation and sublimation.

Condensation
The change of state from gas or vapor
to liquid.

Melting
The change of state from solid to liquid at
a temperature called the melting point of
the solid.

Freezing

The change of state from liquid to solid at
the freezing point (the same temperature as
the melting point of the solid).

Sublimation

The conversion of a substance from a solid
directly to a gas, or vice-versa, without passing
through the liquid state. [odine and carbon
dioxide are two substances that sublime.

Liquid,

{ Heat add
Vaporization
i Evaporation

to break bonds.

Changes due to cooling

Heat energy which would -
have been lost (lowering o B
temperature) used instead ~=
(as latent heat) to make
bonds between molecules.

o *Internal energy, 9.

- “-Heat removed
" Freezing -

Heat added — Sublimation

“* Heatremoved - Sublimation



Graph showing increase of temperature with heat added

. HEAT

Heat capacity (C)

The heat energy taken in or given out by
an object per temperature change by 1K.
Temperatiire It is a property of the object and depends
i » on both its mass and the materijal(s) of
P - Cas which it is made (as well as the .
point : T temperature and pressure), hence its value
Liguid Temperature constant is different for every object.
. p whille changes, of state =
_l_ﬂg.l:t:_qg g / meisarn feat-(fatent—
L // | _heat) used to'break
Solid / : i bohds between :
4 - molecules.
L
" . Heat added
L -
[ The SI unit* of heat capacity is the joule per kelvin (f K+).
!

Graph showing decrease of temperature as object cools

Specific heat capacity (c)
The heat energy taken in or given out per

t ' unit mass per unit temperature change. It is
irdensation— .
. Colisen i a property of the substance alone, i.e. there
vl Fempbratine shows decrease o is a set value for each substance (though
. h 3 temperatre ‘zgl'; , this changes with temperature and
- as- —lefi-to ook pressure). See also page 112.
t H :
e p . — = ==
- Lf..,.%fu
e 7 \\Y
.Egezmg
[point :
i i 1
I ‘\50/'6 The $1 unit* of specific heat capacity is the joule per
N : : h kilogram per kelvin (] kg- K1),
Time
- Mass {m) of 2kg brass (specific
; heat capacity 380) kg-1 K-1)
. " heated for a set time. Temperature

Specific latent heat of vaporization

The heat energy taken in when 1kg of a
substance changes from a liquid to a gas at its
boiling point. It is the same as the heat given
out when the process is reversed

Specific latent heat of fusion

The heat energy taken in when 1kg of a
substance changes from a solid to a liquid at
its melting point. [t is the same as the heat
given out when the process is reversed.

See also page 112.

The SI unit * of specific latent heat is the joule per kilogram (f kg-1).

=51 units, 96.

rises from 303K (t;) to. 307K(t>).

Q (heat gained) =
2% 380 x (307-303)f

S0Q = 3,040/

Thus same amount
of heat energy taken
in by T6kg of brass
would raise
temperature by 0.5K.

Same amount of heat energy
given to mass .of 2kg of copper
causes temperature rise of 3.8K.

Thus specific heat capacity of
copper is 400 kg-1 k-1.




move faster and further apart. The extent of this expansion

~ temperature rise of

‘For solids

EXPANSION DUE TO HEATING

Most substances expand when heated — their molecules Expansion of salids ori -

(expansivity) depends on intermolecular forces*. For the
same amount of heat applied (at constant pressure),
solids expand least, as their molecules are closest
together and so have the strongest forces between

them. Liquids expand more, and gases the most.

Bimetallic strip

A device which shiows the expansion of sohds
dué to heating. It is made up of two diffé
strips of metal, joined along theit (equaly
length. When heated or ¢ooled, both metals
expand or contract (respectwely), but at
different rates, so the strip-bends. Such strips
are used in thermostats

Thermostat (temperature regulator)

gases (at consatant presst
assumed to behave as ideal gases
ry, large amoupts 1he

Bimetallic Strip bends outwards as it heats up. Circuit
strip (invar is broken at point determined by knob. As
and brass) ’ surroundings cool, it bends back, and -
Volume From zero volume, there are

heater is switched back on.
——— 273 temperature graduations
to volume at 0°C (V7).
Temperature -
(see page 27) | U
Lo T "1 Graph rises proportionally, so
e ame e s ~273°C 0°C  100°C " | for each graduation (kelvin
0K 273K 373K . :
rise), volume of gas increases

To

=" heater

Insulatlng block —j B

Knob -controls temperature at which Change in volume with by /273 of volume V1.
heater switches off or back on by setting temperature of ideal gas i
position of metal bar and jts contact. i (constant pressure). Law of _ o
volumes (volume increases Thus, for an ideal gas:
Linear coefﬁcrent of expansmn (o proportionally with absolute

temperature®) is obeyed.

Real ot-absolute cubic

or liquids:

'tempe, {u:re tiseof ﬂ(: I8
5 =

“Noté the o

For gases: = W ereby

contract instead of expanding when the

Intermolecular forces,












REFLECTION, REFRACTION

AND DIFFRACTION

An obstacle or a change of
medium* causes a wave to undergo
reflection, refraction or diffraction.
These are different types of change
in wave direction and often also
result in changes-in the shape of the
wavefronts*. For more about the
reflection and refraction of light
waves, see pages 47-53.

Ripple tank
A tank of water used to demonstrate the
properties of water waves (see right).

Ripple tank

Drop of water produces .
circular wavefronts Light source
(straight wavefronts
produced by moving
paddle with straight,
flat

Shados

of ripples
Sponge - Barriers and other

absorbs wave energy,
stopping waves reflecting
back off side of tank.

devices are put into
tank to-produce changs|
in wave direction.

Reflection

The change in direction of a wave due to

its bouncing off a boundary between two
media*. A wave that has undergone reflection
is called a reflected wave. The shape of its
wavefronts depends on the shape of the
incident wavefronts and the shape of the
boundary. For more about the reflection of
light waves, see pages 47-49.

Incident wave

A wave that is traveling toward a boundary
between two media*. lts wavefronts are called
incident wavefronts.

Examples of reflected wave shapes

Circular wavefronts hitling concave boundary produce straight
wavefronts in this case (i.e. with ship at this distance).

A Ship’s hom
- produces
i sound waves.
Straight
wavefronts
(reflected
waves)

Circular
| wavefronts
(incident
— waves)

Circular wavefronts hitting straight boundary produce
circular wavefronts.

Circular

— wavefronts
(incident
waves)

Source,
e.g. drop
of water .

Circular
wavefronts
(reflected
waves)

Straight wavefronts hitting straight boundary produce
straight wavefronts.

Rear view car mimor

I Light waves from car
[ headlights behind

Straight wavefronss
(incident waves)

Straight wavefronis
L (reflected waves

* Medium, 345; Wavefront, 34.



Refraction

The change in direction of a wave when it
moves into a new medium* which causes it
travel at a different speed. A wave which

undergone refraction is called a refracted
ave. [ts wavelength* increases or decreases

ith the change in speed, but there is no

ange in frequ

ency*. For more about the

refraction of light waves, see pages 50-53.

Examples of refraction of waves in a ripple tank when
meving into a new medium

Waves traveling from medium* A slow
down in medium B, e.g. water waves

X moving from deeper to shallower water.

\ ]_: Incident wavefronts

— Section of wavefront X in new medium
slower than section still in first medium.

t— With no change in medium, section
would be here.

— Wavefronts of refracted waves

h* shorter

Y

Waves traveling from medjum B
speed up in medium A.

i~ Wavefronts of refracted waves

gth* longer

X Section of wavefront X in new medium
faster than section still in first medium.

— With no change in medium, section
would be here.

= Incidert wavefronts

U/g( /%( Air

WAVES

Refractive index (n)

A number which indicates the power of
refraction of a given medium* relative to a
previous medium. It is found by dividing
the speed of the incident wave in the first
medium by the speed of the refracted wave
in the given medium (subscript numbers are
used — see formula). The absolute refractive
index of a medium is the speed of light in a
vacuum (or, generally, in air) divided by the
speed of light in that medium?.

This means
refractive index

where v;,:v, =speeds ini - -
of medium* 2

first-and Second media™. " _

Diffraction

The bending effect which occurs when a
wave meets an obstacle or passes through an
aperture. The amount the wave bends depends
on the size’ of the obstacle or aperture
compared to the wavelength* of the wave.
The smaller the obstacle or aperture by
comparison, the more the wave bends.

Diffraction of waves (sound waves) around obstacle

Obstacle small compared to
wavelength * (wavelength of
sound is about 2m) — a lot of

? diffraction, so no “shadow” formed.

¥ ¥
1 1

¥
|

Obstacle about same size as
wavelength — some diffraction, so
small “shadow” formed, Le. area
through which no waves pass.

—»]
—L»]

3]
—|

Obstacle large compared to
wavelength - almost no diffraction,
so large “shadow” formed.

1
|

—

—

5
1

Diffraction of water waves passing through aperture (slit)

\

Water

Zl| =

show dowrr on They s’beed upon enteriné
a denser medium, o less dense medium.
] EEe k3
s N e
Cool air :>'>\\ Warm air \
] \%\
air & Cool air

waves slow down on
a cooler medium

mearns denser).

warmer medium (warmer
means less dense).

Freqmency, 35; Medium, 345; Wavelength, 34.
miore about refractive index and light, see page 50.

THey speed up on entering a

Aperture wide compared to
T | ] l | H_' wavelength * — little diffraction.
= . —_—
Aperture about same size as
T i wavelength. some diffraction.
)z
NG ~-
- Aperture narrow compared to -
T \ v wavelength~= a lot of diffraction.
)))> >
— -

relative to medium 1.

37



WAVE INTERFERENCE

When two or more waves travel in the same or different directions in a
given space, variations in the size of the resulting disturbance occur at
points where they meet (see principle of superposition). This effect is

called interference. When interference is demonstrated, e.g. in a ripple

tank*, sources which produce coherent waves are always used, i.e.
waves with the same wavelength and frequency, and either in phase
or with a constant phase difference (see phase). This ensures that the
interference produces a regular, identifiable interference pattern of
disturbance (see picture, page 39). The use of non-coherent waves
would result only in a constantly-changing confusion of waves.

Phase

Two waves are in phase if they are of the
same frequency and corresponding points are
at the same place in their oscillations (e.g.
both at crests*) at the same instant. They are
out of phase if this is not the case, and
exactly out of phase if their displacements are
exactly opposite (e.g. a crest and a trough*).
The phase difference between two waves is
the amount, measured as-an angle, by which
a point on one wave is ahead of or behind the
corresponding point on the other. For waves
exactly-out of phase, the phase difference is
180°; for waves in phase, it-is 0°.

Wavfe 1 atigiveniinstant " Wave 2 in
- S ‘ | 4 with wave

| Crest* at this point Crest at same point |

| Wave4 exactly outof ‘
A4 phase with wave 1

" Wave 3 out of phase

Crestiat different point Trough* at same’i point.

Wave from Phase difference between first two! crests*
ol : ; : . :

A one source

Wave from: | Phase difference between next two crests

i seconid soutce | the same, so constant phase difference. ..

* Crests, 34; Diffraction, 37; Ripple tank, 36; Troughs, 34.

Young's slits

An arrangement of narrow, parallel slits, used
to create two sources of coherent light (see
introduction). They are needed because
coherent light waves cannot be produced
(for studying interference) as easily as other
coherent waves, as light wave emission is
usually random. The interference of the light
diffracted* through the slits is seen on a
screen as light and dark bands called
interference fringes.

Principle of superposition

States that when the superposition of two or
more waves occurs at a point (i.e. two or
more waves come together), the resultant
displacement is equal to the sum of the
displacements (positive or negative) of the
individual waves.



Constructive interference
The increase in disturbance (reinforcement)
which results from the superposition of two
waves which are in phase (see phase).

Constructive interference

WAVES

Destructive interference
The decrease in disturbance which results
from the superposition of two waves which

are out of phase.

Destructive interference

First wave Coincides with First wave Coincides with

] Amplitudé* Al - Second wave in Amplitude* A1 Second wave exdctly out
. S 0 N S 4 phase with first.__ . o  of phase with first. -
, InvI RN et

k3

According to principle of
superposition (see page 38),
AT + A2 = A3. This is true of
displacement at any other point,
eg. BT + B2 =B3.

¥ two waves of amplitude AT coincide |-
i phase, the resultant amplitude is

double original amplitude.

Resuftant .
. wave has -

greater
amplitude. ,

Destructive interference
also follows the principle of
superposition.

Hence AT + A2 = A3.

If two waves of amplitude Al
coincide exactly out of phase,
the resuftant amplitude

is zero,

Resultant wave has
smaller amplitude.

—

Nodes or nodal points
Points at which destructive interference
is continually occurring, and which are
consequently regularly points of minimum
disturbance, i.e. points where crest* meets

trough* or compression* meets rarefaction™.

A nodal line is a line consisting entirely of
nodes. Depending on waves, nodal lines
may indicate, for example, calm water, soft
sound or darkness (see also Young’s slits

picture, page 38).

Antinodes or antinodal points

Points at which constructive interference
is continually occurring, and which are
consequently regularly points of maximum
disturbance, i.e. points where two ’
crests*, troughs*, compressions* or ¢

rarefactions* meet. An antinodal
line is a line consisting entirely ./
of antinodes. Depending on /
waves, antinodal lines may
indicate, for example, areas
of rough water, loud sound
or bright light (see also
Young's slits picture).

/
/

e
e

Interference pattern at “frozen” moment
(not all antinodal/nodal lines shown).

Two sources (§T and 52) produce coherent

waves, in this case in phase.

Nodal line (destructive Interference). If waves are same
amplitude, disturbance at all points along it is zero.

Crest* or Trough* or
compression* rarefaction*
e
7
Antinodal line
. I'e
(constructive
Interference) 7
P ®_ A
_ /

* Amplitude, 34; Comp

Crests, 34; Rarefactions, 35; Troughs, 34. \ \
\

, 35;

1
!
I

|3
|

|
\







The ultrasonic waves emitted
by a bat bounce back, telling
it the distance and size of
the object. This technique
is called echolocation.

Echo
A sound wave which has been
reflected off a surface, and is heard after
original sound. Echoes, normally those of
wlirasonic waves, are often used to locate
bjecis and determine their exact position (by
peasuring the time the echo takes to return to
1e source). This technique has a number of
ames, each normally used in a slightly
ifferent context, though the distinctions
eiween them are unclear. Ultrasound
scanning is one example. Others are echo-
ssamding and sonar, both of which have
arine connotations (echo-sounding normally
mers to using echoes to measure the depth of
ater below a ship, sonar to using them to
efect objects under water). Echolocation
msually describes the way animals use echoes
find prey or avoid obstacles in the dark.

[derived from sound navigation and ranging)

WNresonic waves
sized by device ques reﬂ;cted back by
ship. object (echoes).

s Echobs'picked up by
sensing equipment __ﬂ“
below ship. Converted

to electrical pulses
which form an.image
of galleon on a screen
in the ship.

% i WAVES

Reverberation

The effect whereby a sound seems to persist
for longer than it actually took to produce. It
occurs when the time taken for the echo to
return to the source is so short that the original
and reflected waves cannot be distinguished.
If the wave is reflected off many surfaces, then
the sound is enhanced further.

Listener at X

hears sound. \ \
\ \ § —— There will be gap
. X | [ before listener hears
/ | echo from this surface.
/ /
Source of
sound
AN
\
\ Listener at X will hear
° X ) echo as continuation of
/ sound (reverberation).

Reflected wave (echo)

Doppler effect

The change in frequency* of the sound heard
when either the listener or the source moves
relative to the other. If the distance between
them is decreasing, a higher frequency sound
is heard than that actually produced. If it is
increasing, a lower frequency sound is heard.

Doppler effect
X
4 Train sounds its horn

while approaching
and passing listener k& {

at X.

Wavefronts*
move out at
speed of
sound.

Wavefronts closer together here because train moving forward while
producing sound waves. Heard at X as sound of higher frequency*.
Lower frequency sound will be heard when train has passed.

“mzgmency, 35; Wavefront, 34.
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PERCEPTION OF SOUND

Sounds heard by the ear can be
pleasant or unpleasant. When the
waveform of a sound wave (see
pages 40-41) repeats itself regularly,
the sound is usually judged to be
pleasant. However, when the
waveform is unrepeated and
irregular, the sound is thought of as
a noise. Every sound has a particular
loudness and pitch and many,
especially musical sounds, are
produced by stationary waves.

Loudness

The size of the sensation produced when
sound waves fall on the ear. It is subjective,
depending on the sensitivity of the ear, but is
directly related to the wave intensity* of the
waves. It is most often measured in decibels
(dB), but also, more accurately, in phons
(these take into account the fact that the ear
is not equally sensitive to sounds of all
frequencies*).

Aifrcraft taking off
measures 110dB.

Pitch

The perceived frequency* of a sound wave,
i.e. the frequency heard as sound. A high
pitched sound has a high frequency and a
low pitched sound has a low frequency.

(@

nig
e,

The sound of a

bird’s song is high
- pitched. It has a

high frequency*.

P

A truck’s engine has a
low-pitched hum.
It has a low
frequency”.

A Pressure/Density Waveform of musical sound

|
AWNVAWNN
VALV VAL v

A Pressure/Density

Waveform of noise

Time

Beats

The regular variation in loudness with time
which is heard when two sounds of slightly
different frequency* are heard together. This
is the result of interference* between the two
waves. The beat frequency is equal to the
difference in frequency between the two
sounds (see diagram below). The closer
together the frequency of the sounds, the
slower the beats.

Beat frequency

A Pressure/density

Sound wave 1 — frequency* 12 Hertz (waves per second)

A

Sound wave 2 — frequency 14 Hz

AAAAAAAAAAS

Resuftant sound wave
Loud sound
—

——— i second
One beat

Beat frequency is 2 beats per second.

*Frequency, 35; Interference, 38; Wave intensity, 35.
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LIGHT

Light consists of electromagnetic
waves* of particular frequencies*
and wavelengths* (see pages
44-45), but is commonly referred to
and diagrammatically represented
as rays. Such a ray is actually a line
(arrow) which indicates the path
taken by the light waves, i.e. the
direction in which the energy is
being carried.

Shadow

An area which light rays cannot reach due

to an obstacle in their path. If the rays come
from a point they are stopped by the obstacle,
creating a complete shadow called an umbra.

Casting an umbra

Screen

Obstacle Umbra

Smalf source
of light

Image seen
on screen Light

Example rays

If the light rays come from an extended
source, a semi-shadow area called a
penumbra is formed around the umbra.

Casting a penumbra

Large light Only light from Light from points
source (consists " point A hits between A and B
of many point screen here. (therefore brighter)
sources — N
two shown).

Example rays
Penumbra
Light

* Electromagnetic waves, 44; Frequency, 35; Wavelength, 34.

Eclipse

The total or

partial “blocking off” of
light from a source. This %
occurs when an object casts
a shadow by passing between
the source and an observer. A
solar eclipse is seen from the
Earth when the Moon passes
between the Earth and the Sun, €
and a lunar eclipse is seen %ﬁ%
when the Earth is between
the Sun and the Moon.

Moon blocking out
Sun’s light in an
annular solar ecli
Solar eclipse " ar eclipme

7

The eclipse,.as seen from positions A, B, C and D.

| Total-eclipse = C
. Seen.front--
position €.« .-

The eclipse, as seen from position:X:
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REFLECTION OF LIGHT

Reflection is the change in direction

of a wave when it bounces off a

boundary (see page 36). Mirrors are
usually used to show the reflection

of light (see below and also pages

48-49). It must be noted that when

an object and its image are drawn
in mirror (and lens*) diagrams, the
object is assumed to be producing

light rays itself. In fact the rays come
from a source, e.g. the Sun, and are

reflected off the object. :

Laws of reflection of light

1. The reflected ray lies in the same plane as

the incident ray and the normal at the
point of incidence.

2. The angle of incidence (i) = the angle of
reflection (r).

Incident ray. Ray of light before
reflection (or refraction *).

Angle of incidence (i). Angle between incident
ray and normal at point of incidence.

Point of incidence. Point at which
incident ray meets boundary and becomes
reflected ray (or refracted ray*).

Normal, Line at right angles to boundary —
through chosen.point, e.g. point of incidence.

Angle of reflectlon (r). Angle between
reflected ray and normaf at point of incidence.

Reflected ray a 7

esular reflection
reflection of parallel incident rays (see
ove) off a flat surface such that all the
geflected rays are also parallel. This occurs
when surfaces are very smooth, e.g. highly
colished surfaces such as mirrors.

Regular reflection

Porallel incident rays

=

Paralle! reflected rays /7/
Hat surface : :

NERCIWCEY)

AT

*Lenises, 52; Refracted ray, Refraction, 50;
Virtual image, 49 (Image); Wavelength, 34.

Diffuse reflection

The reflection of parallel incident rays (see
left) off a rough surface such that the reflected
rays travel in different directions and the light
is scattered. This is the most common type of
reflection as most surfaces are irregular when
considered on a scale comparable to that of
the wavelength* of light (see page 113).

Diffuse reflection
Parallel incident rays

Irregular surface,
e.g. piece of paper

Normal direction for
each ray is different

Scattered reflected rays

2

Plane mirror

A mirror with a flat surface (see also curved
mirrors, pages 48-49). The image it forms is
the same size as the object, the same distance
behind (“inside”) the mirror as the object is in
front, and laterally inverted (the left and right
sides have swapped around).

Reflection in plane mirror

\Reflected ray A seen here.
" Eyerassuimes it hids come
—from-paint 1. v

;lnq.'dent r&y Ao |

Image seen where reflected
rays appear to come from |
A S L }

objéctf

|/
L

Incident ray

_Reflected ray 8 seen here.
‘Eye assumes it has;come

B NN NSNSNNNNNNNVANNRNY

Plane Rays hi‘tingf at _riqht
mirtor ;angfles are (eﬂe:cted
;bac;k along sarme litie.

»
P

T
16—

{li0

ject :di 1

i TN
nce. :Im:fvge,djsfénrz

Parallax

The apparent displacement of an observed
object due to the difference between two
points of view. For example, an object which
is observed first with the left eye, and then
with the right eye, appears to have moved.
The first point of view is the left eye, and the
second is the right eye. (See also parallax
error, page 102.)
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Refraction of light (continued)

Light rays are refracted at curved surfaces, e.g. lenses, as at flat surfaces,
according to the laws of refraction of light (see page 50). Unlike with
flat surfaces, though, images are formed. There are two basic types of
lens, concave and convex lenses, which can act as diverging or
converging lenses depending on their refractive index* relative to the
surrounding medium*. For all diagrams showing image production by
refraction, the object is assumed to be the light source (see reflection of
light, page 47), and certain points (see below), together with known
Amagnifying glassisa - facts about light rays passing through them, are used to construct the
converging lens used
so that objects are paths of the refracted rays. The positions of objects and images can be

made to look bigger determined using the mirror (lens) formula*.
than they really are.

Convex lens

Points used to construct Principal focus or focal point.

paths of refracted rays e AR - Tt Special point on princigul axis.
(See also page 48.) e ~ All pgrallel rays traveling close

) N axis refracted so they converge
All the lenses shown are — P \ at principal focus
considered -to be thin lenses / s (converging lens) or

(i.e. the thickness of the lens appear to diverge from i

: Principal axis ) 3 . .
is small compared to the 1 P \ (diverging lens). Since
focal length). Although l 1 light can enter lens from
light rays bend both on ! 1 either side, there are two
entering the lens and \ 1 principal foci — notation
emerging from i, they are ‘\ / is always given to
drawn as bending only once, \ principal focus at which
at a vertical line running \ rays converge or from
through optical center of o RN . which they appear to
the lens. NMa PR Phd diverge (the other one js F’).
= ~ - - - - I ~ ~ - - -
Concave lens
Optical center (0). P T~ - i P - T~ - Principal axis. Straigh
Center of lens. Light rays .7 ~ ! ,7 ~ line running through
passing through it do not , 4 Example fight ray \ i ! \\ centers of curvature
change direction. 7 1 \ and optical center
’ . ‘\
I 4 1 Principal axis
Center of p [ A B f , 1 Focal length
curvature. Center of i ¢ Pl 1 ;
. | (f). Distance
sphere of which lens — — —t N
j i C F ] F c’ between either
surface is part. Since / 1 L
I} principal foas
lens has two surfaces, \ 1 ,
’ and optical
there are two centers % 1
i ’ center.
of curvature — notation " i 7
C is always given to N / ! \ e
center of curvature on Mo ’ . N ’ Aperture. Area
side of incident light ray e - - 7 I S - < through which light
(the other one is C’). S ——— . Tm e passes to hit lens.
Converging lens Light rays parallel Refracted rays  *  Refracted rays

to principal axis converge meet at principai
focus in front

/\ of lens.

A lens which causes parallel rays falling
on it to converge on the principal focus
on the other side of the lens. Both
concave and convex lenses can act as

4

1]

converging lenses, depending on the 2 »— r
refractive index* of the lens relative to > T orouch

. B * > Ray passing throug
the syrro.unding medium *. A glass convex \ optical center does
lens in air acts as a converging lens, as not change direction.
shown in the diagram on the right. A glass convex lens in a medium * denser

than glass acts as a diverging lens.

* Medium, 345; Mirror formula, 49; Refractive index, 37.









Slide projector
An optical instrument which produces a
magnified image of a slide.

Slide projector
Lenses concentrate

Inverted, magnified image (slide
put in upside down, so picture

Eght onto slidefr’ here is correct way up)
. » L?\ ;
; Example
- light rays
I S e | i Screen

Strong light source Slide  Prajection lens forms

image on screen.
Telescope
An optical instrument used to make very
distant (and therefore apparently very small)
pbjects appear larger.

Bedescope
Dbyect (e.g. star) considered Lenses of
be at infinity astronomical
telescope in
Boys from normal Eyepiece
of object adjustment lens
mwrsidered :

paralle!

from bottom
shown) are
povallel to Objective
pwimcipal axis . lens .~
image seen—| g Image formed by
eye is inverted, objective lens acts

fnmed at infinity
a virtual image *.

as object for
eyepiece lens.

WAVES

Visual angle

The angle, at the eye, of the rays coming from
the top and bottom of an object or its image.
The greater it is, the larger the object or image
appears. Optical instruments which produce
magnification, e.g. microscopes, do so by
creating an image whose visual angle is greater
than that of the object seen by the unaided eye.
The angular magnification 6r magnifying
power (see below) of such an instrument is a
measurement of the amount by which it does so.

=

Chromatic aberration or chromatism
The halo of colors (the visible light spectrum
— see below, left) sometimes seen around
images viewed through lenses. It results from
dispersion (see color). To avoid this,

good quality optical instruments

contain one or more achromatic

lenises — each consisting of two

lenses combined so that any

dispersion produced by one

is corrected by the other,

Achromatic lenses in compound microscopes
minimize chromatic aberration.

Primary colors

ted, blue and green light — colors that cannot
e made by combining other colored light.
ixed equally, they give white light. By

mixing them in the right proportions, every

wolor in the visible light spectrum can be
wduced. Note that these are the pure

colors — those referred to in art (red,

we and yellow) only act as primary colors
ecause the paints

re impure.

Puimsary colors

Famsplementary colors
1y two that produce
e ight when mixed,
red and cyan.

i ACyan
Green

AYellow

d
= secondary colors Re

mewmdinations of primary colars)

Color mixing
If white light is shone onto a pure colored
filter, only light of the same color (range of
wavelengths*) as the filter passes through
(the other colors are absorbed). This is
subtractive mixing or color mixing
by subtraction. If light of two 5
different colors, filtered out in thi
way, is shone onto a white
surface, a third color (a mixture
of the two) is seen by the eye. This is &=
additive mixing or color mixing by
addition.

I

A

This light bulb looks
blue because it only lets
through blue light (all
other colors have been
absorbed by the

biue coating).

v

Cmrved mirrors, 48; Lenses, Principal axis, 52; Prism, 51; Real image, 49 (Image);

W=fraction, 50; Virtual image, 49 (Image); Wavelength, 34.




Electricity is the phenomenon caused by the presence or
movement of charges (electrons* or ions*) which exert an electric
force*. A material is said to have a negative electric charge if it has
a surplus of electrons, and a positive electric charge if it has a deficit
of electrons. An electric current (see page 60) is the movement of a
charge through materials. (In a metal it is the electrons that move.)
This can be contrasted with static electricity, which can be said
to be electricity “held” by a material with electric charge.

Some materials
become charged
when rubbed.

Creating a
static charge

Cloth becomes Glass and acetate Ebonite and Cloth becomes

equally and lose electrons to - polythene gain equally and
oppositely become positively electrons to become oppositely
charged. charged. negatively charged. charged.
First law of electrostatics Electroscope .
Like charges repel each other and unlike An instrument for detecting small amounts
charges attract. A charged particle always of electric charge. A gold leaf electroscope
attracts an uncharged conductor by induction. is the most common type. When the leaf
Attraction and repulsion and rod become charged, they repel and the
| Positively-charged Negatively-charged leaf diverges from the rod. The greater the
p, | acetate rods - polythene rods charges, the larger the divergence of the

Repulsion

%\ leaf. A condensing electroscope contains a
%ﬁ 8 capacitor* between the cap and the case
—r

which increases the sensitivity.

Positively-charged— @, - Attraction — Negatively-charged
acetate rod : polythene rod , Gold leaf electroscom
\a . Brass cap

Conductor ,
A material containing a large number of Insulator
charges (e.g. electrons) which are free to
move (see also conductivity, page 63). It
can therefore conduct electricity (carry an Brass rod
electric current — see introduction). Metals,

! Window

e.g. copper, aluminum and gold, are good _
conductors because they contain large ' Gold leaf

numbers of electrons which are free to mqve. Grounded met

insulator
A material with very few or n r e.g.
ateria Y . o charges (¢.8 Detecting charge Positively-charge:
electrons) free to move (i.e..a bad conductor). with the rod
Some insulators become electrically charged ~ electroscope - N
when rubbed. This is because electrons from

Electrons attracted to cap Tl Positive charge

the surface atoms are transferred from one gl Jeft on plate anc
substance to the next, but the charge remains | leaf - leaf diverg=
on the surface. )

* Capacitor, 59; Electric force, 6; Electrons, 83; lons, 88 (lonization).







































Capacity

The ability of a cell to produce current over
a period of time. It is measured in ampere
hours. For example, a 10 ampere-hour cell
should produce one ampere for 10 hours.

Leclanché cell

A cell in which polarization is overcome by
manganese dioxide (a depolarizing agent).
This removes hydrogen more slowly than it
is formed, but continues working to remove
excess hydrogen when the cell is not in use.
The cell provides an electromotive force*
of 1.5V. '

Leclanché cell

Zinc rod

Carbon

Porous pot

Carbon and manganese
oxide (depolarizing —
agent)

Awmmonium

solution

Standard cell

A cell which produces an accurately known
and constant electromotive force*. It is used
in laboratories for experimental work.

Primary cell

Any cell which has a limited life because the
chemicals inside it are eventually used up and
cannot be replaced easily.

ELECTRICITY AND MAGNETISM

Dry cell
A version of the Leclanché cell in which the
ammonium chloride solution is replaced by
paste containing ammonium chloride,
meaning that it is portable. The cell provides
an electromotive force* of 1.5V. Dry cells
deteriorate slowly due to local

action, but stili have a life
of many months.

7~ Outer
insulating
covering

Ammonium
chloride paste

Carbon and manganese dioxide
(depolarizing agent)

Insulating
cover and Carbon rod
top with metal cap

A 9V battery (e.g. in a radio) contains
six single dry cells in series*.

A 1.5V battery (e.g.
in a flashlight) is a

single dry cell. |

Secondary cell

Also known as an accumulator or storage
cell. A cell which can be recharged by
connection to another source of electricity.
The main types are the lead-acid
accumulator and the nickel-cadmiun
alkaline cell.

Alkaline cell

A secondary cell containing an electrolyte*
of potassium hydroxide solution. The

plates are normally made of nickel and
cadmium compounds (it is then called a
nickel-cadmium cell). Alkaline cells may
be left for months in a discharged condition
without ill-effect.

Lead-acid accumulator

A secondary cell containing a dilute
sulphuric acid electrolyte*, and plates made
from lead and lead compounds. The cell can
give out-a very large current because it has a
low internal resistance*. It is mainly used in
vehicles for starting and lighting.

Battery consisting of

lead-acid accumu]ators Plates have large surface area

to increase current

Lead oxide plates (converted to
[+ lead sulphate during discharge)

o ——

[+ Lead plates (converted to lead
ﬁ sulphate during discharge)

A
L Sulphuric acid (concentration
Electromotive force* about 2V decreases during discharge)

“Electromotive force (e.m.f.), 60; Electrolyte, 66; Internal resistance, 63; Series, 64.




MAGNETS

All magnets have a magnetic field* around them, and a magnetic
force* exists between two magnets due to the interaction of their
fields. Any material which is capable of being magnetized (can
become a magnet) is described as magnetic (see ferromagnetic,
below) and becomes magnetized when placed in a magnetic field.
The movement of charge (normally electrons*) also causes

a magnetic field (see electromagnetism, pages 74-76).

Pole

A point in a magnet at which its magnetic
force* appears to be concentrated. There are
two types of pole — the north or north seeking
pole and the south or south seeking pole
(identified by allowing the magnet to line up
with the Earth’s magnetic field*). All magnets
have an equal number of each type of pole.
The first law of magnetism states that unlike
poles attract and like poles repel.

. Suspended bar magnet \‘

South pole points to
magnetic south*

North pole points
to magnetic
north*

o

Unlike poles attract.

Magnetic axis
An imaginary line about which the magnetic
field* of a magnet is symmetrical.

Magnetic —
axis

* Core, Electromagnet, 74; Electrons, 83; Magnetic field, 72;
Magnetic force, 6; Magnetic north, Magnetic south, 73.

These paper clips
have been
temporarily
magnetized.

Ferromagnetic

Describes a material which is

strongly magnetic (i.e. is magnetized
easily). Iron, nickel, cobalt and alloys

of these are ferromagnetic, and are
described as either hard or soft. Sintered
materials (made by converting various
mixtures of powders of the above metals
into solids by heat and pressure) can be
made magnetically very hard or

soft by changing the metals used.

Hard
Describes a ferromagnetic material
which does not easily lose its
magnetism after being »
magnetized, e.g. steel. Magnets §\\
made from these materials are
called permanent magnets.

Hard ferromagnetic materials are used as
permanent magnets, e.g. as compass needles.

Soft

Describes a ferromagnetic material
which does not retain its magnetism
after being magnetized, e.g. iron.
Magnets made from these materials
are called temporary magnets. '
Residual magnetism is the small
amount of magnetism which can

be left in magnetically soft
materials.

Soft ferromagnetic materials are used
as cores* in electromagnets”.

Susceptibility

A measurement of

the ability of a substance to

become magnetized. Ferromagnetic
materials have a high susceptibility.






"MAGNETIC FIELDS

A magnetic field is a region around a magnet
(see page 70) in which objects are affected
by the magnetic force*. The strength and
direction of the magnetic field are shown

by magnetic field lines.

Magnetic field lines or flux lines

Lines which indicate the direction of the
magnetic field around a magnet. They also
show the strength of the field (see magnetic
flux density, below). The direction of the field
is the direction of the force on a north pole*.
Magpnetic field lines are plotted by sprinkling
iron filings around a magnet or by recording
the direction of a plotting compass (a small
compass with no directions marked on it)

at various points.

Result of sprinkling iron filingé around a magnet

Iron filings line up due to induced magnetism”.

Previous

Plotting the Plotting — " “x
compass \ recordings

magnetic field
lines around a
bar magnet

Complete plot of
magnetic field lines
(Arrows indicate
direction)

High magnetic flux
density — strong
magnetic field”

Low magnetic flux
density — weaker
magnetic field

Magnetic flux density

A measurement of the strength of a magnetic
field at a point. This is shown by the closeness
of the’ magnetic field lines to each other.
Magnetic flux density is normally highest
around the poles*.

*Dipole, 71 (Domain theory of magnetism); Electrons, 83;

As the Earth

rotates on its axis,

molten metal in its

core moves, producing

a magnetic field. In this

diagram, field lines show

the direction of the magnetic field.

The lines are closest near the poles where
the field is strongest.

Neutral point

A point of zero magnetism (the magnetic flux
density is zero). It occurs where two or more
magnetic fields interact with an equal but
opposite effect. A bar magnet positioned
along the magnetic meridian, with the south
pole* pointing to the north, has two neutral
points in line with its magnetic axis*.

— Magnetic
field lines
created by ®
opposite
poles*
placed
together 1 '
No neutral point
—— Magnetic
— field lines [
created by
like poles*
placed
. together Neutral points (marked with
a dot) created by magnet with
Neutral point south pole* pointing north
Diamagnetism

Magnetism displayed by some substances
when placed in a strong magnetic field. A
piece of diamagnetic material tends to spread
magnetic field lines out and lines up with its
long side perpendicular to them.

Paramagnetism .

Magnetism displayed by some substances
when placed in a strong magnetic field. A
piece of paramagnetic material tends to
concentrate magnetic field lines through it
and lines up with its long side parallel to
them. It is caused by dipoles* moving slightly
towards alignment.

Induced magnetism, 71; Magnetic force, 6; Magnetic axis, Pole, 70.






ELECTROMAGNETISM

An electric cuirent flowing through a wire produces a
magnetic field (see pages 72-73) around the wire, the
shape of which depends on the shape of the wire and the
current flowing. These magnetic fields can be plotted in the
same way as for permanent magnets*. This effect, called
electromagnetism, is used in very powerful magnets
and also to produce motion from an electric current.

Maxwell’s screw rule

States that the direction of the magnetic field
around a current-carrying wire is the way a
screw urns when being screwed in‘the
direction of the current.

Direction of field
Maxwell’s screw rule

Direction

of current
Right-hand grip rule
States that the direction of a magnetic field
around a wire is that from the base to the tips
of the fingers if the wire is gripped by the right
hand with the thumb pointing in the direction
of the current.

Right-hand grip rule

The thumb points Right
in the direction of hand
the current. l_

The fingers_point in
the direction of the
magnetic field.

Direction of
magnetic field

Plotting compass

Wire

Coil

A number of turns of current-carrying wire,
produced by wrapping the wire around a
shaped piece of material (a former).
Examples are a flat coil and a solenoid.

Flat coil or plane coil
A coil of wire whose length is small in
comparison with its diameter.

* Ferromagnetic, 70; Permanent magnets, 70 (Hard); Pole, 70.

Cross-section of the magnetic field
which would exist if there was a
wire {shown in green) carrying
current directly into the page.

Solenoid

A coil whose length is large in comparison
with its diameter. The magnetic field
produced by a solenoid is similar to that
produced by a bar magnet. The position of
the poles* depends on the current direction.

Solenoid Region inside is core.

This solenoid is air-cored.
Clockwise Counterclockwise
current e e i current Jooking
looking at - PE W -] at end gives
end gives - s~ north pole.
south pole*. / S :| TN R

Direction of magnetic field

Arrowheads on
an § point ina
clockwise direction
(clockwise current
= south pole).

Arrowheads on

an N point in an
counterclockwise direction
(counterclockwise current
= north pole).

Core

The material in the center of a coil which
dictates the strength of the field. Soft
ferromagnetic* materials, most commonly
soft iron, create the strongest magnetic
field and are used in electromagnets.

Electromagnet

A solenoid with a core of soft, strongly
ferromagnetic* material. This forms a magnet
which can be switched on and off simply by
turning the current on and off. Practical
electromagnets are constructed so that two
opposite poles* are close to each other,
producing a strong magnetic field.

Electromagnet formed
from two solenoids with
iron cores and iron piece
between ends.

Wire wound in opposite
directions in each
solenoid to produce

N opposite poles*.




Applications of electromagnets

Electromagnets have a large number of
applications, all of which use the fact that
they attract metals when they are switched
on and therefore convert electric energy*
to mechanical energy*. In two of the
following examples, sound energy is
produced from the mechanical energy.

Electric buzzer
A device which produces a buzzing noise
trom direct current*. A metal arm is attracted
by an electromagnet, moves towards it, and
in doing so breaks the circuit carrying current
to the electromagnet. The arm is thus released
and the process is repeated. The resulting
fibration of the arm produces a buzzing
moise. In the electric bell, a hammer attached
the arm repeatedly strikes a bell.

Hectric bell

mm attracted
magnet. @

Electromagnet  Pressing switch* closes
circuit to activate magnet.

Earphone

devicesused to transform electrical signals
sound waves. The permanent magnet*
aliracts the metal diaphragm, but the strength
this attraction is changed as changing
marent (the incoming signals) flows through
coils of the electromagnet. The diaphragm
us vibrates to produce sound waves.

Earphone

Changing current in

Q Q Bar magnet
] | (e | [
] _l
= ==
1 DlDlE]lEI oo —
"~ zzrragm — Sound out *Electromagnet

ELECTRICITY AND MAGNETISM

Lifting magnets

Large electromagnets which are used
in steelworks to lift heavy loads. The
activated electromagnet attracts

steel, enabling it to be moved.

The load is released when

the current is switched off.

Lifting magnet used to move scrap
metal from one place to another.

Relay

A device in which a switch* is closed by the
action of an electromagnet. A relatively small
current in the coil of the electromagnet can
be used to switch on a large current without
the circuits being electrically linked.

When electromagnet switched on,
Relay arm pivots here and closes switch.

Switch* contacts

Electromagnet

“Maglev” train
A train with electromagnets attached
underneath, which runs on tracks with
electromagnets on them. The magnets
repel each other, so the train hovers
just above the track. The reduced
friction between the train and
the track means that the
train can travel faster.

Japanese “maglev” train

The word “maglev”
comes from
magnetic

levitation.

Side magnets
drive train
forward.

Electromagnets

Direct current, 61; Electric energy, 9; Ferromagnetic, 70; Mechanical energy 9;

Permanent magnets, 70 (Hard); Pole, 70; Switch, 64.










ELECTROMAGNETIC INDUCTION

Michael Faraday found that, as well as a current Faraday induced

an electromotive

passing through a magnetic field producing movement  force by rotating
(see motor effect, page 76), movement of a conductor* i (re

conductor*)

in a magnetic field produces an electromotive force*  nearamagnet,

using this device

in the conductor. This effect, called electromagnetic called a disk

. . . d, .
induction, happens whenever a conductor is placed yname
in a changing magnetic field.
Faraday’s law of induction Fleming’s right-hand rule or dynamo rule
States that the size of an induced The direction of an induced current can be
electromotive force in a conductor* is worked out from the direction of the magnetic
proportional to the rate at which the field and the movement by using the right
magnetic field changes. hand (see diagram).

Fleming’ Points in direction
Lenz’s law A of motion -

: right-hand rule
States that an induced electromotive force o
Points in direction

always acts to oppose the cause of it, e.g. of force
in an electric motor*, the e.m.f. produced

because .lt‘acts as a generator opposes the Points in direction
e.m.{l. driving the motor. of current

Generator or dynamo Simple generator
A device used to produce electric current
from mechanical energy*. [n the simplest
generator (see diagram, right), an alternating
electromotive force is induced in a coil* as of wire

e.m.f. between
magnets as coil
rotates

it rotates in a magnetic field. A generator for
direct currents* has a commutator*, as on ok
an electric motor*, which means the current  curent enters KAV < <N
always flows in the same direction. and leaves coil via & =1 IEEE IR N
rings which rotate : ! : L
) with it @ Brushes*
A bicycle dynamo Fixed magnet ’ Position of coil

contains a coil* of wire
that spins between two
magnets.

Mutual induction

The induction of an electromotive force in

a coil* of wire by changing the current in a
different coil. The changing current produces
a changing magnetic field which induces a
current in any other coil in the field. This was
first demonstrated with Faraday’s iron ring.

Faraday’s iron ring

The dynamo uses Closing or opening switch* Soft iron ring — “conducts”
%), /Movement energy causes change in magnetic field fields between coils.
from the moving in ring, which induces current

2\ wheel to produce in secondary circuit.
8 clectric current l

for a lamp.
Secondary

== Primary
circuit

circuit

Direct current, 61; Electric motor, 76; Electromotive force (e.m.f.), 60;
Mechanical energy, 9; Pole, 70; Switch, 64.
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C STRUCTURE

been learned about the physical nature
4) since Greek philosophers
| matter-was made of basic
blocks”. It is now known that an
but has a complex internal
>f many different smaller particles

and a lot of empty space.

of an atom,
‘and Niels Bohr

= See

Mass number (A)
The number of protons and neutrons

(nucleons) in a nucleus. It is the whaole

number nearest to the relative atomic
mass of the atom, and is important in
identifying isotopes.

Atomic number (7Z)

The number of protons in a nucleus (hence
also the number of electrons around it). All
atoms with the same atomic number are of
the same element (see also isotope).

Neutron number (N)

The number of neutrons in a nucleus,
calculated by subtracting the atomic
number from the mass number. See also
graph, page 87.

Orbital model of
atom {see page

Nucleus (pl. nuclei) or atomic nucleus
The central core of an atom, consisting of
closely-packed nucleons (protons and
neutrons).

Nucleus — (almost
alf the mass of the
atom, but very tiny

{mass
approximately
1,840 times that

of an electron)

—its radius is

approximately (mass

1 /10.000th that approximately

of the atom) 1,836 times that
of an electron)

Protons

Positively-charged particles in the nucleus.
The number of protons (atomic number)
identifies the element and equals the number
of electrons, so atoms are electrically neutral.

Neutrons

Electrically neutral particles in the nucleus.
The number of neutrons in atoms of the same
element can vary (see isotope).

The mass and atomic numbers are often
written with the symbol of an element:
'I 2 _— > : Mass number (A)

shows nucleus has

12 nucleons.

Atomic number
(Z) shows that
six of these are
protons.

QII

6 —— > 999
Neutron number (N} = A -7 ??é

SoN=6 p
Mass number (A
- —_—
23 shows nucleus has
N 23 nucleons.

g gg g 2 homs that |
17 of these are
'I 'I > e e Q protons.
Neutron number (N)=A-7 ? ? é @ ??
R T



Electrons

Particles with a negative charge and
very small mass. They move around
the nucleus in electron shells. See also
protons,

Electron shells

Regions of space around a nucleus
containing moving electrons. An atom
¢an have up to seven (from the inside,
called the K, L, M, N, O, P and Q shells).
Each can hold up to a certain number of
electrons (the first four, from the inside,
Ecan take up to 2, 8, 18 and 32 electrons
respectively).

*  The further away the shell is from
the nucleus, the higher the energy of its
electrons (the shell has a given energy
level). The outer shell is the last shell
with electrons in it. If this is full or has
an octet (8 electrons), the atom is very
stable (see page 85).

The positions of electrons in their
shells cannot be exactly determined at
any one time, but each shell consists of
orbitals, or probability clouds. Each of
these is a region in which one or two
electrons are likely to be found at any
time (see also illustration on page 82).

ATOMIC AND NUCLEAR PHYSICS

Modern model (simplified), _
carbon-12 isotope P i

First electron

Modern model (complex),
carbon-12 isotope

One orbital of two

electrons makes up
~ first electron shell.

Three different s

orbitals make

up outer shell:

Orbital of two
electrons (pink area)

Isotopes

Different forms of the same element, with the
same atomic number, but different neutron
numbers and hence different mass numbers.
There are isotopes of every element, since
even if only one natural form exists (i.e. the
element is monoisotopic), others can be made
artificially (see radioisotope, page 86).

Mass numbers are used with names or
symbols when isotopes are being specified:

6 protons 6 protons
6 neutrons 8 neutrons
‘@
| |
6 electrons 2 neutrons 6 electrons

Carbon-12 or 12C Carbon-14 or 1*C

Relative atomic mass
Also called atomic mass or atomic weight.
The mass of an atom in unified atomic
mass units (u). Each of these is equal to '/
of the mass of a carbon-12 atom (isotope).
The relative atomic mass of a carbon-12
atom is thus 12u, but no other values are
whole numbers, e.g. the relative atomic
mass of aluminum is 26.9815u.

The relative atomic mass takes
into account the various isotopes of
the element, if these occur in a natural
sample. Natural chlorine, for example,
has three chlorine-35 atoms to every one
of chlorine-37, and the relative atomic
mass of chlorine (35.453u) is a proportional
average of the two different masses of these
isotopes.
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Levels of nuclear stability

ATOMIC AND NUCLEAR PHYSICS

®

Atoms with full outer shells*.

Few electrons* in outer shell, or
nearly a full outer shell, i.e. just one
or two electrons missing.

1

* Nuclel with miass numbers*
between 4G -and 120 are the

B.E. or B.E. per nucleon (see
teunder graph, below).

ost stable-und have the highest

Nudlei with mass numbers*
fess than 40 or more than
120.are less stable; and have
lovr B.E. or B.E. per nucleon.

U

@ &

Putting unstable atoms together with
other unstable atoms causes them to
react — electrons are transferred, i.e.
recombinations take place.

£3 » %

Resklt is always a release of ene:

ss” energy). Particles gairz

ater stability — total overall
ggf. per nucleon is higher tharl
béfore. Energy released as heat
and kinetic energy*

B.E. per nucleon (MeV)

A

N WA LMoo

A
1
1
1
1
1
1
1

R LLLE

Mass number*
»

>
20 40 60 80 100120 140160 180 200 220240

Note: binding energy per nucleon
(total B.E. divided by number of
nucleons) is better representatjon of
nuclear stability — total B.E. of one
nucleus may be higher than that of
another, but its B.E. per nucleon may
be lower — see right.

Change in energy state of an atom
or nucleus is colled atomic or nuclear
transition. Change resulting in
change in chemical properties (i.e.

a different element) is called
transformation or transmutation,

* Nuclei with mass
numbers* less than 40

&

Few nucleons* and hence relatively
large surface area. Only a few nucleons
(relative to whole number) have
“pulling” nuclear force acting on
them from neighbors on all sides, so
overall effect of nuclear force is less.

OR

* Nuclei with mass numbers*
greater than 120

Very large number of nucleons. Means
more protons* — electric force* of
repulsion has more effect, overall effect
of nuclear force is less.

Heating nuclei gives them high kinetic
energy* and means two will join when
they collide (see fusion, page 93).

Hitting large nucleus with particle
causes it to split (see fission, page 92).

Some heavy nuclei release particles
spontaneously (see radioactivity,
page 86).

As shown, finding
higher B.E. (lower
energy state) may
occur with very
little "help”, e.g.
putting unstable
atoms together,
or in the case

of spontaneous
radioactivity. In
other cases, energy
may need to be
wdded (heating
atoms, nuclei

or particles).

@

E
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if not enough energy is added,
energy is re-released as photons
(see quantum theory). In atoms,
electrons “fall” back and the type
(frequency*) of photons emitted
depends on the shells between
which they move. X-rays* (highest
frequency, most energy) are
emitted if they are the innermost -
shells, UV radiation* is emitted if
they are the shells further out, and
so on (see electromagnetic
spectrum, page 44). With nuclei,
y-rays* are always emitted (more
energy is involved).

Bectric force, 6; Electrons, 83; Frequency, 35; Kinetic energy, 9; Mass number, 82; Nucleons, 82 (Nucleus);
Duter shell, 83 (Electron shells); Protons, 82; Ultraviolet (UV) radiation, X-rays, 44, Gamma (y) rays, 44, 86.
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RADIOACTIVITY

Radioactivity is a property of some
unstable nuclei (see pages 82 and
84), whereby they break up
spontaneously into nuclei of other
elements and emit radiation*, a
process known as radioactive decay.
There are three types of radiation
emitted by radioactive elements:
streams of alpha particles (called
alpha rays); streams of beta particles
(beta rays) and gamma rays. For
more about the detection and uses
of radiation, see pages 88-91.

Radioisotope or radioactive isotope

Any radioactive substance (all substances are
effectively isotopes — see page 83). There are
several naturally-occurring radioisotopes, most
of which still exist because they have very
long half-lives (e.g. uranium-238), though one,

_carbon-14, is.continually produced by cosmic

rays (see background radiation, page 88).
Other radioisotopes are produced by nuclear
fission*, and. more still are produced in
research centers, where nuclei are hit by fast
particles {e.g. protons* and neutrons*). These
are speeded up in particle accelerators, e.g.
cyclotrons (see picture below).

Cut-away diagram of vacuum chamber (central part of
cyclotron)

Circuit creates alternating
electric field* across

Magnetic field* of huge magnet.
Keeps particles in spiral path,

central gap. Causes
acceleration of
., —— particles to
: high speed.

Particle
source

- = path
of particles
deflects
particles Particles will
outwards. hit target.

*Electric field, 58; Electrons, 83; Magnetic field, 72;

Neutrons, 82; Nuclear fission, 92; Protons, 82; Radiation, 9.

Beta Gamma

Alpha

The Greek letters used for the three types of radiation*

Alpha particles (a-particles)
Positively-charged particles ejected from
some radioactive nuclei (see alpha decay).
They are relatively heavy (two protons* and
two neutrons®), move relatively slowly and
have a low penetrating power.

Alpha partide ———]

Has a range of a
few centimeters
in air.

Absorbed by
thick sheet
of paper.

Beta particles (B-particles)

Particles ejected from some radioactive
nuclei at about the speed of light. There are
two types — electrons* and positrons, which
have the same mass as electrons, but a
positive charge: See beta decay, page 87.

Beta particle Has a typical range of 1m in air.

Absorbed by $mm thickness

of metal, e.g. copper.

Gamma rays (y-rays)

Invisible electromagnetic waves (see also
page 44). They have the highest penetrating
power and are generally, though not always,
emitted from a radioactive nucleus after an
alpha or beta particle.

Gamma

Intensity typically
halved by 13mm
thickness of lead
(or 120m of



Radioactive decay

The spontaneous splitting up of a radioactive
nucleus, which results in the ejection of alpha
or beta particles, often followed by gamma
rays. When a nucleus ejects such a particle,
i.e. undergoes a nuclear disintegration,
energy is released (see page 84), and a
different nucleus (and atom) is formed. If

this is also radioactive, the decay process
continues until a stable (non-radioactive) atom
is reached. Such a series of disintegrations is
called a decay series, decay chain, radioactive
series or transformation series.

Half-life (T2) |

The time it takes for half the atoms on average
in a sample to undergo radioactive decay, and
hence for the radiation emitted to be halved.
This is all that can be accurately predicted — it
is impossible to predict the decay of any single
afom, since they decay individually and
fandomly. The range of half-lives is vast, e.g.
the half-life of strontium-90 is 28 years; that of
Eranium-238 is 4.5 x 10° years.

A Atomic  Decay series, showing radioactive decay

ATOMIC AND NUCLEAR PHYSICS

Alpha decay (o-decay)
The loss of an alpha particle by a
radioactive nucleus. This
decreases the

atomic number*

by two and the

mass number*

by four, and so a

new nucleus is formed.

Beta decay (B-decay)

o-particle
is identical fo the
nucleus of a helium atom.

The loss of either kind of beta particle by a
radioactive nucleus. The electron (B or ) is
ejected (with another particle called an

antineutrino) when a neutron* decays into a

proton*. The positron (B* or €% is ejected

(with another particle called a neutrino)
when a proton decays into a neutron.
Beta decay thus increases or decreases
the atomic number* by one (the mass

%k
number B-particle and neutrino
stays the emitted during f-decay
same).

The rate of radioactive decay is measured in becquerels

z (Bq). One becquerel-equals one disintegration per second.
number* of thorium-232 to stable lead-208 An older unit, the curie, equals 3.7 x 10'° becquerels.
| N I I
92 Beta decay Antineutrino
(B-decay)
. I—— Beta particle
| (electron*)
.
‘ 228Th | - 222Th
B
o 228 /A ¢
c| ,-
I b ﬂ
Bismuth-212 ]
nucleus Polonium- 24Ra =Ra i}
212 nucleus o
Beta particie Anltineutn‘no Alpha decay (o-decay)
2% > Yo + € + V 20Rn
o
212Pp ; 4 216Pg
a B oo ¢
Biig Thorium-232 Radium-228
P . nucleus nucleus —
208Ph | - 212Pp :
i} Alpha antide :
28] %%Th — Z8Ra + jHe
Neutron
number*
i N
! | I I .
126 128 130 132 134 136 138 140 142 "N

Atmmic number, 82; Electrons, 83; Mass number,
Wewiron number, Neutrons, Protons, 82.
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DETECTING AND MEASURING
RADIOACTIVITY

There are a number of devices which detect and

~ measure the radiation emitted by radioactive
' substances (radioisotopes®). Some are used ‘ ‘
mainly in laboratories (to study artificially : PY

produced radioisotopes); others have a wider

range of uses (e.g. as monitoring devices for -

safety purposes) and can also be used to detect

background radiation. Most-of the devices

detect and measure the radiation by monitoring

the ionization it causes — see Geiger counter

and pulse electroscope, right, and cloud and Radicactive substances
bubble Chambers, page 90. (radioisotopes*) have special

hazard warning labels.

Background radiation lonization
Radiation present on The creation of ions (electrically-charged
Earth (in relatively small particles), which occurs when atoms (which
amounts), originating - are electrically neutral) lose or gain
both from natural and electrons*, creating cations (positive ions)
unnatural sources. One or anions (negative ions) respectively.
notable naturat-source is Plants, rocks and lonization
carbon-14, which is taken animals contain

. . carbon-14, a natural Atom loses Atom gains

in by plants and animals. source of radiation. electron.

- . electron*,
This is constantly being '
produced from stable nitrogen-14 due to
bombardment by cosmic rays (cosmic

. g . " Cation formed (more .
radiation) entering the atmosphere than electrons).
from outer space. These are
g9 .. streams of particles ] Anion formed — -]
; 3 f enorm | (more electrons
0 e ormously than protons).
high energy. :
Unnatural . '
sources of In the case of radiation, alpha and beta
. articles* ionize the atoms of substances
radiation p e at st

they pass through, usually creating cations.
This is because their energy is so high that
they cause one or more electrons to be
“knocked out”. For more about ions and
ionization, see pages 130-131.

include industry,
medicine and

weapons testing.
The background

count is a
measure of the lonization due to radiation .

‘ Particle bounces
background Atom offatom. | A i
radiation. J B

Efectrons “knocked
out” to become
A Geiger counter, used free_electrons.
for measuring the ’ ey
background count. Aipha particle* Cation formed

*Alpha particles, Beta paﬁiclgs, 86; Electrons, 83;
Protons, 82; Radioisotope, 86.









USES OF RADIOCACTIVITY

The radiation emitted by radioisotopes*
(radioactive substances) can be put to
a wide variety of uses, particularly in
the fields of medicine, industry and
archaeological research.

Radiology
The study of radioactivity and X-rays*,
especially with regard to their use in medicine.

Radiotherapy

The use of the radiation emitted by
radioisotopes* to treat disease. All living
cells are susceptible to radiation, so it is
possible to destroy malignant (cancer) cells
by using carefully controlled doses of
radiation.

This patient is
andergoing external
beam radiotherapy,
where the radiation is
emitted from a machine
outside the body. Some
types of cancer can be
reated by radioactive
amplants inserted into
the body.

Radioactive tracing

A method of following the path of a
substance through an object, and detecting
its concentration as it moves. This is done
by introducing a radioisotope* into the
substance and tracking the radiation it emits.
The radioisotope used is called a tracer, and
the substance is said to be labeled. In
medical diagnosis, for example, high levels
of the radioisotope in an organ may indicate
the presence of malignant (cancer) cells. The
fadioisotopes used always have short half-
lives* and decay into harmless

substances.

Irradiation

Food, such as fruit and meat
can be irradiated with
gamma rays*. The radiation
delays ripening in fruit and
vegetables, and destroys
bacteria in meat, enabling
it to keep fresh for longer.

After two weeks,
this irradiated
strawberry is stilf
firmr and fresh.

- Gamma rays, 86; Half-life, 87; Radioisotope, 86; X-rays, 44.

ATOMIC AND NUCLEAR PHYSICS

Robots are often used in industry
to handle dangerous radioactive
substances.

Gamma radiography (y-radiography)
The production of a radiograph (similar to a
photograph) by the use of gamma rays* (see
also X-radiography, page 44). This has many
uses, including quality control in industry.

Testing for faults in
the welding of a
metal pipe.

Machine

containing
radioisotope*
takes

Radiocarbon dating or carbon dating

A way of calculating the time elapsed since
living matter died. All living things contain a
small amount of carbon-14 (a radioisotope*
absorbed from the atmosphere), which
continues to emit radiation after death.

This emission gradually decreases 7
(carbon-14 has a half-life* of /_;'/
5,700 years), so the age of the /’
remains can be calculated
from its strength.

Radiocarbon dating showed that this 1
insect trapped in-amber is 5,000 years old. ¥
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Types of fission reactor

Thermal reactor

A fission reactor containing a moderator
around the fuel cylinders. This is a substance
with light nuclei, such as graphite or water.
It is used to slow down the fast neutrons*
produced by the first fissions in the uranium
fuel — the neutrons bounce off the light
nuclei (which themselves are unlikely to
absorb neutrons) and eventually slow down
to about 2,200m s™. Slowing the neutrons
improves their chances of causing further

Types of thermal reactor

Pressurized water reactor (PWR)

e
S vy ;

Control rods ~ Pressurizer —> To turbine

Steam
generator

<4— From turbine

—>
— Steel

— Outer concrete
vessel

shield

ATOMIC AND NUCLEAR PHYSICS

fissions (and continuing the chain
reaction*). Faster neutrons are likely to be
“captured” by the most abundant nuclei —
those of the isotope* uranium-238 (see fast
reactor), whereas slow neutrons can travel
on until they find uranium-235 nuclei.
These will undergo fission when hit by
neutrons of any speed, but make up a
smaller percentage of the fuel (despite the
fact that it is now often enriched with exira
atoms of **U).

Advanced gas-cooled reactor (AGR)

Control rods

> To turbine

»

Steam generator

Fuel cylinders

~4—— from

Coolant* is pressurized water,

Fuel cylinders
also acting as moderator.

———‘ turbine

=

Steel vessel

Graphite
moderator

Pressurized carbon
dioxide coolant™

Fast reactor or fast breeder reactor (FBR)
A fission reactor, inside which the neutrons*
which cause the fission are allowed to
remain as fast neutrons (traveling at about

2 x 10’m s7'). The fuel used is always
enriched with extra nuclei of uranium-235
(see thermal reactor) and plutonium-239.
Both of these will fission easily when hit by
fast neutrons, unlike uranium-238, which is
far more likely to “capture” the neutrons
{becoming *°U) and undergo radioactive
decay*. The final product of this decay,
however, is 2°Pu. Fast reactors are also
called “breeders” because this decay process
of #°U to *Pu is allowed to happen in a
blanket of **U around the main fuel. Hence
more fuel is created and can be stored. Fast
reactors have a more compact core and run
at higher temperatures than thermal reactors.
They are also more efficient, using up a much
greater proportion of their fuel before it -
becomes contaminated.

Fast reactor

Steel vessel

Control rods

L

Pipes connected to steam
generator and turbine
|

e
g

81 blanket

Second,
separate,
sodium
ircuit

Concrete
shield

L
Fuel
cylinders

Sodium
coolant*

- Chain reaction, 92 (Induced fission); Coolant, 344;
isotopes, 83; Neutrons, 82; Radioactive decay, 87.
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QUANTITIES AND UNITS

Physical quantities are such things as mass*, force* and current*, which are
used in the physical sciences. They all have to be measured in some way
and each therefore has its own unit. These are chosen by international
agreement and are called International System or SI units — abbreviated
from the French Systeme International d’Unités. All quantities are classified
as either basic quantities or derived quantities.

Basic quantities

A set of quantities from which all other
guantities (see derived quantities) can be
defined (see table, below). fach basic quantity
has its basic SI unit, in terms of which any
other SI unit can be defined.

Basic quantity | Symbol | Basic Sl unit | Abbreviation
Mass m kilogram kg
Time t second s

| length | meter m
Current I ampere A
Temperature T kelvin K
Quantity of mole mol

| substance
l:umin'c)us - candela cd

1 Intensity

Prefixes

Acgiven. Sl unit may sometimes be too large
or small for convenience, e.g. the meter is too
{arge for measuring the thickness of a piece of
paper. Standard fractions and multiples of the
Sl units are therefore used and written by
placing a prefix before the unit (see table
below). For example, the millimeter {mm) is
equal to one thousandth of a meter.

Fractions and multiples in use

Fraction or multiple Prefix Symbol
107 nano- n
10°¢ : micro- u
107 milli- m
107 centi-

107 deci-

10" deca- dc
107 hecto- h
10° kilo- k
10¢ mega- M
10° giga- G

* Absolute temperature scale, 27; Black body, 29 (Leslie’s cube);

Current, 60; Force, 6; Mass, 12; Period, 16.

Basic SI units

Kilogram (kg) .

The SI Unit of mass. It is equal to the mass of
an international prototype metal cylinder kept
at Sévres, near Paris.

Second (s)

The Sl unit of time. It is equal to the duration
of 9,192,631,770 periods* of a certain type of
radiation emitted by the cesium-133 atom.

Meter (m)

The SI unit of length. It is equal to the distance
light travels in a vacuum in ‘ase 791,458 Of

a second.

Ampere (A)

The SI unit of electric current {see also page
60). It is equal to the size of a current flowing
through parallel, infinitely long, straight wires.
in a vacuum that produces a force between
the wires of 2 x T0’N every meter.

Kelvin (K)

The Sl unit of temperature. It is equal to '/273.16
of the temperature of the triple point of water
(the point at which ice, water and steam can
all exist at the same time) on the absolute
temperature scale*.

Mole (mol)

The St unit of the quantity of a substance
(note that this is different from mass because
it is the number of particles of a substance).
It is equal to the amount of substance which
contains 6.023 x 10 (this is Avogadro’s
number) particles (e.g. atoms or molecules).

Candela (cd)

The SI unit of intensity of light. It is equal to the
strength of light from "eoo000 square meters of a
black body* at the temperature of freezing
platinum and at a pressure of 101,325N m™.






EQUATIONS, SYMBOLS AND GRAPHS

All physical quantities (see pages 96-97) and their units can be
represented by symbols and are normally dependent in some way on
other quantities. There is therefore a relationship between them which
can be expressed as an equation and shown on a graph.

Eq UaﬁOnS ~ Word equation

An equation represents the relationship
between two or more physical quantities.
This relationship can be expressed as a word Symbol equation
equation or as an equation relating symbols
which represent the quantities. The latter is
used when a number of quantities are involved,
since it is then easier to manipulate. Note that
the meaning of the symbols must be stated.

Graphs

A'graph is a visual representation of the the values for the quantities obtained during
relationship between two quantities. It an experiment or by using the equation for
shows how one quantity depends on the relationship if it is known. The two
another. Points on a graph are plotted using quantities plotted are called the variables.
Cves [T ; B ]
BT T I RSN S Sl S NN B S
: ERE it 4 i The gradient of a curve af a point :

: —atpoint . - Z | . 3 L h i
N P fen e Ble. T —— : : “ s the gradient of the tangent to———
Dependent variable. [ S L “the curve at that point. ;

The guantity changed l
--during-the-experiment——-

periment;
i.e. the effect. Plotted

~ Gradient. The rate of changeof ——
) the quantity plotted on the y-axis :
- : : : I : ‘with that plotted on the x-axis. The. |
: : / H : -gradient of a siraight:line here is
k : k k : 4y ‘the value Ay divided by Ax. Note :
S A S— SN A - L ithat the-units of the-gradient-are
i : “the units of the quantity y/x. :

y-intercept.
The point.at 1
which the : L Ax

1A meahs “change in”.

i\ graph crosses i !
ey L~ - R USRS SN SSSUSUSNN SO UV SO OSSR SIS SO
xaxis,
! Anterceﬁt. Origin. The point at ' di r dent variable. | !
Th [JUI‘IIL;UL whictr-the quanti§f6$ """" E ] T © ’fﬂ'ﬁevu:anﬁtyihungecf“byihé — _»77“5 .
which the: plotted on the axes ‘ iexperimentor during the
graph crosses_ aré both zero. | R : ‘experiment, i.e. the cause.
the x-axis; : ; ; ; {Plotted along the: x-akis.



















FIELDS AND FORCES

This table is a comparison of the
three forces normally encountered
in physics (excluding the nuclear

- Gravitational force

8}

force). In fact, most of the forces
dealt with in physics, e.g. the
contact force between two objects,
are examples of the electromagnetic
force which is a combination of the.
magnetic and electric forces. For
more about these and all other
forces; see pages 6-7.

Type of force

Note that a force can only exist between
twio masses, charges or currents, and that
the size of the force is the same on both of
them {(see also Newton’s third law, page |
1  Note also that the forces only act
between objects which are the same, e.g.
there is a force between two masses, but
not between a mass and a current.

Force acts between two objects with mass. It
is always attractive.

m

Q

G =6.7 x T07"Nm? kg™

G is the gravitational constant*. lts very
small value means that the gravitational
force is only noticeable when one of the
objects is very large (e.g. a planet).

Description of force in terms of
force field

The force field is the region around
biject (mass, charge or current) in
which its effects (gravxtat:ona electric
or magnetic) can-be detected — see
also page 6.

Point in field
my;

o

Mass m, produces a gravitational field in the

space around it (see field intensity, page 106).

A second mass experiences a gravitational
force when placed at any point (e.g. P) in
the gravitational field of m,.

A mass thus produces a gravitational field and
is acted upon by a gravitational field.

Field direction

\fs s fouind by observing the effect of
the foree field on an object {mass,
charge or current) placed in it:

Mass

Force on mass

The direction of a gravitational field at a
point P is the direction of the force on a
mass placed at P.

*Gravitational constant, 18







Fields and forces (continued)

Gravitational force

To measure the field intensity g of a
gravitational field due to a mass m, at a
point P, a test mass m is placed at P and the
gravitational force F on it is measured. Then:

Field intensity
This is found by measuring the effect of

the force field on an object (mass, charge

or-current) placed in it.

or:

By comparison with the equation above for
the gravitational force, the field intensity g at
a distance d from a mass m, is:

. . . Gravitational field lines always end at a mass.
Representation by field lines Y
Uniform gravitational

Field lines (or flux lines or lines of P o
farce or flux) are used in all cases to A\ + g, nar suiace
represent the strength and direction of .

fields and to visualize them (see panel —— % l |

at bottom of page). Field lines never T T } T T
cross since the field would then have '
different directions at one pomt.

The gravitational potential difference

POtenﬁal energy (Sef1 3150. page 8) between two points in a gravitational field is
This depends on field intensity and the the work done against the forces of the field
object (its mass in a gravitational field in moving a unit mass between the points.

or its charge in an electric field*). The
potential* at a point in a field is the
energy per unit (of mass or charge) and
depends upon the field only. Usually

the ‘only concern is the difference in Gravitational potential MO
potential, or potential difference*, decreases as point moves
between two points. Potential can be along field line in direction
defined by choosing a reference. The of field (in direction of arrow).
potential at a point is then the potential
difference between the point and the Gravitational potential
réference point. higher at P, than P,. pl | !
| Strong field Weak field (low Uniform field has constant strength and direction.
(high density density of lines)

of l‘ines) %//
I

*Electric field, Potential, Potential difference, 58.
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PHYSICAL CHEMISTRY

Physical chemistry is the study of
the patterns of chemical behavior in
chemical reactions under various
conditions, which result from the
chemical and physical properties of
substances. Much of physical
chemistry involves measurements of
some kind. In the physical chemistry
section of this book you can find
out about the following areas:

1. Solids, liquids and gases, the changes
between these states and the reasons for
these changes in relation to the structure of

a substance. (See states of matter, pages 120-
121, kinetic theory, page 123 and gas laws,
pages 142-143.)

Liquid

Gas
o

ap

PRV

2. The physical and chemical composition
of substances — their particles and bonding.
(See elements, compounds and mixtures,
pages 122-123, atoms and
molecules, pages 124-
125, bonding, pages
130-134 and crystals,
pages 135-137.)

Sulfur crystals occur
in two shapes.

3. The structure of the atom
and its importance in the
structure of substances

(see atomic structure and ®
radioactivity, pages 126-129).

Structure of a
sodium atom

4. The measurement Measuring relative
of quantities and the atoric mass
relationship between .

amounts of gases,

liquids and solids

{see measuring atoms, SN IR -
pages138-139).-

*Litmus, 152.

Chemical reactions in the cells of |
many deep-sea fish produce light, ’ .
making the fish glow. tuminous cell

5. Representing chemicals
and chemical reactions

(see representing chemicals,
pages 140-141).

-Hj Diagram of an . :
ethene molecule

Both these ways of representing an (\ Molecular
ethene molecule show that there are two C,H, ) formula of
carbon atoms and four hydrogen atoms. ethene

=
Saltgs

Salt is soluble — it
dissolves in water to
leave a clear solution.

J

6. How substances
mix (see solutions
and solubility,
pages 144-145).

7. Changes during chemical
reactions (see energy and
chemical reactions, pages
146-147 and rates of reaction,
pages 160-161) and special
reactions (see oxidation and
reduction, pages 148-149

and reversible reactions,
pages 162-163).

Chemicals on a
match burn when
they react with
phosphorus on
the box.

8. Special types of chemical behavior (see
acids and bases, pages 150-152 and salts,
pages 153-155).

Hydrochloric acid and sodium Hydrochioric
hydroxide (an alkaline solution) acid

react together to form sodium

chioride, a salt. The solutions

have been colored with litmus*

to show whether they are acidic,

alkaline, or neutral.

Sodium

Sodium chloride

9. The action of electricity Electrolysis of copper

on substances and the
production of electricity from
reactions (see electrolysis,
pages 156-157 and
reactivity, pages 158-159).

Stalagmites and stalactites
form gradually as a result
of a slow chemical
reaction between calcium
carbonate in limestone
and carbonic acid in
rainwater.

10. The different levels

of reactivity shown by
substances and the reasons
for this (see reactivity,
pages 158-159).



PROPERTIES AND CHANGES

Physical properties

All the properties of a substance except
those which affect its behavior in chemical
reactions. There are two main types —
qualitative properties and quantitative
properties.

Qualitative properties

Descriptive properties of a substance which
cannot be given a mathematical value. They
are such things as smell, taste and color.

Some qualitative properties used to describe substances

Solid Liquid Gas

Smell Taste

Quantitative properties

Properties which can be measured and given
a specific mathematical value, e.g. melting
point, boiling point, mass*, solubility* and
density*. Other examples are shown below.

Some quantitative properties used to describe substances

Malleability* (pliability) and
ductility” (stretchability) (depend
on bonding* and structure)

Hardness (depends
on bonding* and
structure)

Conductlvity* of electricity
(depends on whether
charged particles can move)

Physical change

A change which occurs
when one or more of the
physical properties of a
substance is changed. It
is usually easily reversed.

Ice cream melts from
a solid to a liquid in
the heat of
the Sun.

A physical change from solid to
liquid is caused by adding energy to
the particles of the substance (see
kinetic theory, page 123).

Chemical properties
Properties which cause specific
behavior of substances during
chemical reactions.

Chemical properties depend on
electron configuration*, bonding*,
structure and energy changes.

Chemical reaction

Any change which alters the chemical
properties of a substance or which forms a
new substance. During a chemical reaction,
products are formed from reactants.

Reactants
The substances present at the beginning of a
chemical reaction.

Products
The substances formed in a chemical reaction.

The rusting* of iron is a chemical reaction. The reaction is quite slow
— many reactions are much faster.

Rust* is the product.

Iron, water and oxygen from
the air are the reactants.

Iron (makes up Water Oxygen

nearly all of steel)

Reagent

A substance used to start a chemical reaction.
It is also one of the reactants. Common
reagents in the laboratory are hydrechloric
acid, sulfuric acid and sodium hydroxide.

Bonding, 130; Conductivity, 63; Density, 24; Ductility, 344 (Ductile); Electron configuration, 127;
Malleability, 345 (Malleable); Mass, 12; Rust, 174; Rusting, 209 (Corrosion); Solubility, 145.
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Freezing

The change of state from liquid to solid,
caused by cooling a liquid. The temperature
at which a substance freezes is the freezing
point, which is the same temperature as the
melting point (see melting).

Water freezes at
0°C or 273K. Added
substances,
such as salt
in sea water

may lower its W

freezing point.

Fusion

The change of state from solid to liquid of a
substance which is solid at room temperature
and pressure. The substance is described as
fused (or molten). A solid that has been fused
and then solidified into a different form is also
described as fused.

Fusion (;f sulfur

Fused sulfur
(liquid)

Powdered Cold water—y—
suffur [
Fused sulfur ——
Heat '~ (new solid form) <
Boiling

A change of state from liquid to gaseous
(vapor) at a temperature called the boiling
point (see also pages 212-213). It occurs by
the formation of bubbles throughout the
liquid. All pure samples of the same  »
liquid at the same pressure /
have the same boiling .
point. An increase in ¢
pressure increases
the boiling point.
A decrease

in pressure
decreases the
boiling point.

100°C

Water boils at
100°C or 373K.

*Volatile, 345.

PHYSICAL CHEMISTRY

Evaporation

A change of state from liquid to
gaseous (vapor), due to the
escape of molecules from

the surface. (For more

about this, see page

30.) A liquid which

readily evaporates is

described as

volatile*.

In rainforests where it is
warm, raindrops quickly
evaporate to form water
vapor in the air.

Liquefaction

A change of state from gaseous (gas)
to liquid, of a substance which is a
gas at room temperature and pressure.
It is caused by cooling (to form a
vapor) and increasing pressure.

Some gases are liquefied for transport.

Condensation

A change of state from gaseous (gas or vapor)
to liquid, of a substance which is a liquid at
room temperature and pressure. It is normally
caused by cooling.

Qutdoors Indoors
Water vapor condenses on
Cold air cold window and droplets of
water are formed.
Warm air
Sublimation

The change of state from solid to gaseous (gas,
via vapor) on heating, and from gaseous
directly to solid on cooling. At no stage is a
liquid formed. See picture, page 162.

Vaporization
Any change resulting in a gaseous state, i.e.
boiling, evaporation or sublimation.
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Quartz is a
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Mixture — unchanged
atoms or molecules

Chemical
reaction (if

&1 E e = o,
9 it ) 4
. it occurs) l;

1 Synthesis

Compound — atoms or
molecules in new combinations

RO —————

of the elements calcium,
silicon, oxygen and sodium.

Water is o compound of
axygen and hydrogen,

Rinarv
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Homogeneous
Describes a substance
where all the particles
are in the same phase¥,
e.g. solutions* (the
physical and chemical
properties throughout

are the same). same phase*.
Heterogeneous Heterogeneous
Describes a substance T

oY
aged fa¥
e
b

where the particles are
in more than one phase*,
e.g. suspensions* (the
properties of the solid
particles are different

from those of the liquid).

FParticles are in different
phases*.

The sand on
the seashore is a heterogeneous
mixture of tiny particles of quartz,
seashell and organic matter.

Pure
Describes a sample of a substance which

“consists only of one element or compound. It

does not contain any other substance in any
proportions. If the substance does contain
traces of another element or compound, then
it is described as impure and the other
substance is called an impurity.

r

Kinetic theory

The kinetic theory explains the behavior of
solids, liquids and gases, and changes of
state* between them, in terms of the
movement of the particles of which they
are made (see diagram below).

According to the kinetic theory:

Farticles in solids are
dosely packed together.
They vibrate, but do not
move about.

Heat gives particles enough
energy to break the bonds
that keep them together.

Particles in a liquid are
quite close together, but
are free to move about.

Eventually, heat gives
particles enough energy to

escape from the surface of
a liquid to form a gas.

A gas consists of widely-spaced
particles moving at high

The greater the speed
and frequency with which
molecules of a gas hit
surfaces or each other,
the higher its pressure.

Brownian motion
The random
motion of small
particles in water _§
or air. It supports ¢
the kinetic
theory, as it is
clearly due to
unseen impact
with the water or
air molecules.

Pollen grains in
water are seen to
move randomly.
They are hit by
molecules of
water.

Diffusion

The process by which two fluids* mix
without mechanical help. The process
supports the kinetic theory, since the
particles must be moving to mix, and
visible gases, such as bromine vapour
(below), can be seen to diffuse faster than
liquids. Only miscible* liquids diffuse.

Water More dilute
solution

Bromine
gas later

15 minutes  Concentrated copper(ll} 2

sulfate solution later

Change of state, Fluid, 120; Miscible, 145;
Phase, 120; Solution, 144; Suspension, 145.
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ATOMS AND MOLECULES

Over 2,000 years ago, the Greeks
decided that all substances consisted
of small particles which they called
atoms. Later theories extended this
idea to include molecules — atoms
joined together. Inorganic* molecules
generally only contain a few atoms,
but organic* molecules can contain
hundreds of atoms.

Atom ) ,
The smallest particle of an element that retains
the chemical properties of that element. The
atoms of many elements are bonded together
in groups to form particles called molecules
(see also covalent bonding, page 132). Atoms
consist of three main types of smaller particles
— see atomic structure, ’
page 126.

Molecule

. The smallest particle of an. -
element or compound that 95 gy
normally exists on its own
and still retains its properties.
Molecules normally consist of
two or more atoms bonded

Tetrachloromethane
(CCl,) molecules
consist of one carbon
and four chlorine

together — some have atoms.
thousands of atoms. lonic
compounds* consist of ions*

Neon

(electrically charged particles)
and do not have molecules.

molecules consist of
a single neon atom.

Atomicity

The number of atoms in a molecule,
calculated from the molecular formula*
of the compound. ’

A molecule with an
atomicity of two is
described as
diatomic.

Helium Hydrogen @

A molecule with an atomicity of three
is described as triatomic.

A molecule with an
atomicity of one
is described as
monatomic.

A molecule with an atomicity of over
three is described as polyatomic.

*Inorganic chemistry, 166; lon, 130; lonic compound, 131;
Molecular formula, 140; Organic chemistry, 190.

Dalton’s 4

4

atomic theory P
John Dalton’s ;
theory, published |
in 1808, attempts &%
to explain how
atoms behave. [t
is still generally
valid. It states
that:

1. All matter
is made up of
tiny particles
called atoms.

2. Atoms cannot be made, destroyed or
divided. (This has since been disproved —
see radioactivity, page 128.)

3. All atoms of the
same element have
the same properties
and the same mass.
(This has since been
disproved — see
isotope, page 127.)

4. Atoms of different
elements have
different properties
and different
masses.

5. When compounds form, the atoms of
the elements involved combine in simple
whole numbers. (We now know, however,
that large organic* molecules do not
always combine in whole number ratios.)

+ N —

1 ammonia
atom molecule

1 nitrogen

3 hydrogen
atoms







ATOMIC STRUCTURE

Dalton’s atomic theory (see page 124) states that the atom is the
smallest possible particle. However, experiments have proved that
it contains smaller particles, or subatomic particles. The three main
subatomic particles are protons and neutrons, which make up the
nucleus, and electrons, which are arranged around the nucleus.

& N

Nucleus (pl. nuclei)

| or atomic nucleus
The structure at the cénter of an atom,

consisting of protons and neutrons
(usually about the same number
of each) packed closely
together, around which
electrons move. The

nucleus makes up

almost the total

mass of the

atom, but is

very small

in relation

to the total

size.

Nucdleus

Proton
Proton Neutron
A subatomic
particle (see
introduction) in
the nucleus of an
atom. It has a relative
atomic mass* of 1 and a
positive electrical charge
equal in size, but opposite to that
of an electron. An atom has the same
number of protons and electrons, making
it electrically neutral.

Electron ,
A subatomic particle (see introduction)
which moves around the nucleus of an
atom within an electron shell. Its
mass is very small, only Y13
that of a proton. An
electron has a negative
electrical charge,
equal in size, but
opposite to that
of a proton.
There are the
same number
of electrons
as protons
in an atom.

Neutron
A subatomic
particle (see
introduction) in
the nucleus of an
atom. A neutron has
a relative atomic
mass* of 1 and no
electrical charge. The number
of neutrons in atoms of the same
element can vary (see isotope,
opposite).

Electron shell or shell

A region of space in which the electrons
move around the nucleus of an atom.
An atom can have up to seven shells,
increasing in radius with distance from

nucleus, and each can hold up to a

certain number of electrons. The model
on the right is a simplified one — in fact,
the exact positions of electrons cannot
be determined at any one time, and
each shell consists of orbitals.

*Relative atomic mass, 138.

The first three electron shells

The first shell can hold
one or two electrons.

@ The second shell can hold
up to eight electrons.

The third shell can hold

up to 18 electrons.

The fourth shell can
hold up to 32 efectrons.



Orbital

A region in which there can be either one or
two electrons. Each electron shell consists of
one or more orbitals of varying shapes. ~

QOuter shell

The last electron shell in which there are
electrons. The number of electrons in the
outer shell influences how the element reacts
and which group it is in (see periodic table,
pages 164-165).

Electron configuration

A group of numbers which shows the
arrangement of the electrons in an atom. The
numbers are the numbers of electrons in each
electron shell, starting with the innermost.

A sodium atom - electron configuration 2.8.1

First shell Second shelt
contains two contains eight
electrons. electrons.
Third shell (outer

shell) contains There are no electrons
one electron. in any other shell.
Octet

A group of eight electrons in a single electron
shell. Atoms with an octet for the outer shell
are very stable and unreactive. All noble
gases™ (except helium) have an octet. Other
atoms can achieve a stable octet (and thus
have an electron configuration similar to that
of the nearest noble gas), either by sharing
electrons with other atoms (see covalent
bonding, page 132) or by gaining or losing
electrons (see ionic bonding, page 131).

= Noble gases, 189,

PHYSICAL CHEMISTRY

Atomic number

The number of protons in the nucleus of
an atom. The atomic number determines
what the element is, e.g. any atom with
six protons is carbon, regardless of the
number of neutrons and electrons.

Mass number

The total number of protons and neutrons
in one atom of an element. The mass
number of an element can vary because
the number of neutrons can change (see
isotope, below). The mass number is
usually about twice the atomic number.

The atomic number and mass number are often written with
the symbol for the element.

Mass 'I 2

number

Number of protons =
atomic number =6

Number of electrons = 6 (to
balance number of protons)

Atomic Number of neutrons = mass
number 6 - ber = 6
Mass Number of protons and
number electrons = 1 of each

Number of neutrons = 0

Mass number and atomic
Atomic number the same. Nucleus of
number ] hydrogen is a single proton.
Isotope

An atom of an element in which the
number of neutrons is different from that
in another atom of the same element.
Isotopes of an element have the same
atomic number but different mass
numbers. Isotopes are distinguished by
writing the mass number by the name or
symbol of the element.

The three isotopes of carbon

Carbon-12 ‘a e 6 neutrons
- 9 %9
Carbon-13 e ‘ 7 neutrons
aoo
Carbon-14 8 neutrons

9.
. =%
° 9 9
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RADIOACTIVITY

Radioactivity is a property of unstable nuclei* (for
more about the reasons for their instability, see
pages 84-85). It involves the nuclei breaking up
spontaneously into nuclei of other elements and
emitting rays or particles (radiation), a process
known as radioactive decay. A radioactive element
is one whose nuclei are gradually splitting up in this way.

Radioisotope or radioactive isotope

The general term for a radioactive substance,
since all are isotopes*. There are several
naturally-occurring radioisotopes, such as
carbon-14 and uranium-238, others are
formed in a variety of ways. For more about
this, see page 86.

Uranium with 146 It can also
neutrons* is written: be written
Mass number* as U-238 or
Atomic number*. 92 Uranium-238.

‘Alpha particle (a-particle)
One type of particle emitted from the

-nucleus* of a radioactive atom. It is like a

helium nucleus, consisting of two protons*
and two neutrons*, has a relative atomic
mass* of 4 and a charge of plus 2. It moves
slowly and has a low penetrating power.

radiation

(D¢

a-particles
(shown as
iHe) Paper

Source

Beta particle (B-particle)

A fast-moving particle emitted
from a radioactive nucleus*.
There are two different
types of beta particle (for
more about this, see page
86). They can penetrate
objects which have a low
density and/or thickness,
such as paper.

Aluminum
Gamma rays (y-rays) sheeting
Rays generally emitted after
an alpha or beta particle from
a radioactive nucleus*. They
take the form of waves (like Lead
block

light and X-rays) and have

a high penetrating power,
going through aluminum
sheeting. They can be stopped
by a thick block of lead.

* Atomic number, 127; Electromagnetic waves, 44;

Isotope, Mass number, 127; Neutron, Nucleus, Proton, 126;

Relative atomic mass, 138.

Nucleus~

emitting
gamma rays —
very high energy
electromagnetic* rays.

Radioactive decay

The process whereby the nuclei* of a
radioactive element undergo a series of
disintegrations (a decay series) to become
stable. For more about the different types of
decay, see page 87.

Disintegration

The splitting of an unstable nucleus* into tw
parts, usually another nucleus and an alpha
beta particle. The atomic number* changes
an atom of a new element is produced. If this
is a stable atom, then no further disintegratio
occur. If it is unstable, it disintegrates in tum
and the process continues as a decay series
until a stable atom is formed.

Disintegration of uranium-238 New nucleus mass

to thorium-234 number* = 238 —«
=234
2349
Commmmp
Atom of a-particle (mass New atomic nussiey
U-238 number* 4, atomic =92 -2=90s0
number* 2) emitted.  element is thorium
Disintegration is shown i
y 238 234 ?‘h
by a nuclear equation. 92U - 90Th +
A

Decay series or radioactive series

The series of disintegrations involved when
radioactive element decays, producing van

elements until one with stable atoms is form

Decay series for plutonium-242 to uranium-234
For another example, see page 87.

Alpha particle emitted Beta partide
PR pan ] P

a a B B
Plutonium-  Uranium-~ Thorium-  Protactinium-
242 238 234 . 234



Becquerel

A unit of radioactive decay. One becquerel
is equal to one nuclear disintegration per .
second. A curie equals 3.7 x 10" becquerels.

Half-life

The time taken for half of the atoms in a
sample of a radioactive element to undergo
radioactive decay. The amount of radiation
emitted is halved. The half-life varies
widely, e.g. the half-life of uranium-238

is 4.5 thousand million years, but that of
radium-221 is only 30 seconds.

PHYSICAL CHEMISTRY

Radioactive decay curve

Time

Uses of radioactivity

Nuclear fission

The division of a nucleus*, caused by
bombardment with a neutron*. The nucleus
splits, forming neutrons and nuclei of other
elements, and releasing huge amounts of
energy. The release of neutrons also causes
the fission of other atoms, which in turn
produces more neutrons — a chain reaction.
An element which can undergo fission is
described as fissile. Controlled nuclear
fission is used in nuclear power stations*,
but uncontrolled fission, e.g. in fission
bombs*, is very explosive.

Fission of & | Neutron*
uranium-235 "
‘y - — Uranium-235
ﬁ—— nuclei*
When hit by a The three

neutrons then hit
another three
uranium-235

v nuclei and so the

process continues

y in a chain

reaction.

neutron”, the
nucleus splits . 3 N
up to form two L, @

other elements, )
strontium and

4
xenon, and i y

three neutrons.

1 90,
U+ n 5 BNst v 'BXe + 3ln

A neutron* (mass number* 1, atomic number* 0)

Nuclear fusion

The combination of two nuclei* to form
a larger one. It will only take place at
extremely high temperatures and releases
huge amounts of energy. Nuclear fusion
takes place in the fusion bomb*.

Radioactive tracing

A method of following a substance as
it moves by tracking radiation from a
radioisotope introduced into it. The
radioisotope used is called a tracer and
the substance is said to be labeled.

Radiocarbon dating or carbon dating

A method used to calculate the time elapsed
since a living organism died by measuring
the radiation it gives off. All living things
contain a small amount of carbon-14 (a
radioisotope) which gradually decreases
after death. :

Radiology

The study of radioactivity, especially with
regard to its use in medicine (radiotherapy).
Cancer cells are susceptible to radiation, so
cancer can be treated by small doses.

Irradiation

The treating of
food, such as fruit,
with gamma rays
to keep it fresh.

strawberry
after two
eeks

Untreated ——
strawberry

* Atomic ber, 127; Fission bomb, Fusion bomb, 93;
Mass number, 127; Neutron, 126;
Nuclear power station, 94; Nucleus, 126.
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Metallic bonding

Metallic bonding is the attraction between
particles in a giant metallic lattice* (i.e.

in metals). The lattice consists of positive
ions* of the metal with valency electrons*
free to move between them. The free or
delocalized electrons form the bonds
between the ions and, because they can
move, heat and electricity can be
conducted through the metal. The forces
between the electrons and ions are strong.
This gives metals high melting and boiling
points, since relatively large amounts of
energy are needed to overcome them. For
more about other types of bonding, see
pages 130-133.

Delocalization

The sharing of valency electrons* by all the
atoms in a molecule or giant metallic lattice*
Delocalized electrons can belong to any of
the atoms in the lattice and are able to move
through the lattice, so the metal can conduct
electricity and heat.

Giant metallic
lattice*
+

7 *
Metal cations +

Delocalized
electrons transmit
electricity and heat.

Intermolecular forces

van der Waals’ forces

Weak attractive forces between molecules
(intermolecular forces*) caused by the
uneven distribution and movement of
electrons in the atoms of the molecules.
‘The attractive force is approximately
twenty times less than in ionic bonding*.
It is the force which holds molecular
lattices* together, e.g. iodine, and solid
carbon dioxide.

Weak van der Waals’ forces Atoms of iodine held
hold together this molecular

lattice* of jodine. covalent bonding*.

together in molecules by

Mo N

Hydrogen bond

An attraction between a polar molecule*
containing hydrogen and a lone pair* of
electrons in another molecule. The polar
bonds* mean that each hydrogen atom has
a slightly positive charge and is therefore
attracted to the electrons. Hydrogen bonding
accounts for high melting and boiling points
in water in relation to other substances with
small, but non-polar molecules*. Both the
hydrogen bonds and the van der Waals’
forces must be overcome to separate the
molecules.

Water molecule (polar molecule*)
P

Polar bond*
Oxygen — ;

atom . )
- o "3 — Hydrogen atom
h Ha st

. &

Hydrogen bond
(usually represented
by a dotted line)

w g &5 This means o

positive charge

34 * Cation, 130; Covalent bonding, 132; Giant metallic lattice, 137; Intermolecular force, 7; lon, 130; lonic bonding, 131
Lone pair, 133; Molecular lattice, 137; Non-polar molecule, 133 (Polar molecule); Polar bond, 133; Valency electron
























GAS LAWS

The molecules in a gas are widely
spaced and move about in a rapid,
chaotic manner (see kinetic theory*).
The combined volume of the gas
molecules is much smaller than the
volume the gas occupies, and the
forces of attraction between the
molecules are very weak. This is true
for all gases, so they all behave in a
similar way. Several gas laws describe
this common behavior (see below).

Boyle’s law

T7‘| P2 (pressure
increased)
At constant
temperature, the V2 (volume
| f decreases
volume Of d gas proportionately)
is inversely
proportional to Internal pressure
the pressure (the mereees to

volume decreases
as the pressure
increases).

T S PIxVI=P2xV2

_orPV=k

Pressure law or
Third gas law

At constant volume,
the pressure is §
directly proportional
to the temperature

]—‘— T2 (temperature
increased)
% P2 (pressure

i increases
f—=y- proportionately)

s |
r — VT (to keep
| volume constant,

; ! external pressure
on the absolute e~ must be increased
temperature scale to match)

(the pressure
increases with the

Gas at constant temperature,

pressure and volume

Thermometer

(temperature
=TI)

Pressure = P1

Pressure
control

Pressure = P1

Law of volumes
At constant pressure,
the volume is

directly proportional”

to the temperature
on the absolute
temperature scale
(the gas expands as
the temperature
increases).

—— Gas
(volume = V1)

T2 (temperature
increased)

P1 (external
pressure kept
constant)

V2 (volume
increases
proportionately)

Ideal gas equation or General gas

equation

An equation that shows the relationship
between the pressure, volume and
temperature of a fixed mass of gas.

temperature).

Ideal gas

A theoretical gas that behaves in an
“ideal” way. Its molecules have no
volume, do not attract each other, move
rapidly in straight lines and lose no
energy when they collide. Many real
gases behave in approximately the same
way as ideal gases when the molecules
are small and widely spaced.

Small, widely-spaced
molecules

Behaves like an ideal
gas. '

Large molecules close

‘Does not behave like an

ideal gas.

*Constant, 344; Gas constant, 113; Kinetic theory, 123; Mole, 139.



Partial pressure

The pressure that each gas in a mixture* of
gases would exert if it alone filled the volume
occupied by the mixture.

Dalton’s law of partial pressures

The total pressure exerted by a mixture* of
gases (which do not react together) is equal to
the sum of the partial pressure of each gas in
the mixture.

Mixture of
A Band C Pressure = pA + pB + pC
{(sum of partial pressures)
Gas A Gas B Gas C
Pressure pA Pressure pB Pressure pC

Graham's law of diffusion

If the temperature and pressure are constant,
the rate of diffusion* of a gas is inversely
proportional to the square root of its density.
The density of a gas is high if its molecules are
heavy, and low if its molecules are light. Light
molecules move faster than heavy molecules,
so a gas with a high density diffuses more
slowly than a gas with a low density.

Cotton ball soaked in
concentrated acid

Cotton ball soaked in
ammonia solution

White ring of ammonium
chloride forms.

Hydrogen
chloride gas

Ammonia

Light ammonia molecules diffuse* faster than hydrogen chloride .
molecules. The two gases meet nearer to the right-hand end of
the tube.

Relative vapor density

The density of a gas relative to the density
of hydrogen. It is calculated by dividing the
density of a gas by the density of hydrogen.
Relative vapor density is a ratio and has

no units.

density of the gas
. -density of hydrogen

Relative vapor density =

* Celsius scale, 27; Diffusion, 123; Mixture, 122; Pascal, 97.
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Gay-Lussac’s law

When gases react together to produce other
gases and all the volumes are measured at the
same temperature and pressure, the volumes
of the reactants and products are in a ratio of
simple whole numbers.

According to Avogadro’s law (below), jars A and C above contain
the same number of molecules. -

Avogadro’s law or Avogadro’s hypothesis
Equal volumes of all gases at the same
temperature and pressure contain the same
number of molecules.

s.t.p.

An abbreviation for standard temperature
and pressure. These are internationally
agreed standard conditions under which
properties such as volume and density of
gases are usually measured.

Degrees Kelvins

Absolute
Celsius
temperature scale
A dard t t 100°C 373K
standard temperature  oom
scale, using units
called kelvins (K). A
kelvin is the same size
as one degree Celsius*, (¢ 273K
but the lowest point ice
on the scale, zero
kelvins or absolute
zero, is equal to ~273.
degrees Celsius, a
theoretical point where
an ideal gas would
occupy zero volume.

To convert degrees Celsius to
kelvins, add 273. To convert
kelvins to degrees Celsius,
subtract 273.

Absolute zero — -273°C 0K
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ENERGY AND CHEMICAL REACTIONS

Nearly all chemical reactions involve a change in energy. Some reactions
involve electrical energy or light energy, but almost all involve heat energy.
The change in energy in a reaction results from the different amounts of
energy involved when bonds are broken and formed. The study of heat
energy in chemical reactions is called thermochemistry.

Enthalpy (H)

The amount of energy that a substance contains.

It is impossible to measure directly, but its
change during a reaction can be measured.

Enthalpy change of reaction or heat of
reaction (AH)

The amount of heat energy given out or
absorbed during a chemical reaction. If the
reaction is a change of state*, this amount is
also known, particularly in physics, as the
latent heat (see page 30). Hence the molar
enthalpy changes of fusion and vaporization
on page 147 are closely allied to the specific
latent heats on page 371, though the quantities
are different (each being more relevant to

its science).

Enthalpy change of reaction of hydrogen and oxygen

Heat is giveni-out, 50 it is an exothermic reaction.

The value of AH is only true Tor the number of moles* and the
physical states* of the chemicals in the gquatian:

~ Energy level diagram

A diagram which shows the enthalpy change
of reaction for a reaction.

Energy level diagram for above reaction of hydrogen
and oxygen

2H,(9) + O4(9)
Enthalpy of reactants
= —488k|

" In this reaction AH is negative
(heat js given out). It is an
exothermic reaction.

Increasing enthalpy

2H,0(g)

— Enthalpy of products

Standard enthalpy change of reaction (AH?)
An enthalpy change of reaction measured at
room temperature and pressure (r.t.p.*). If
solutions are used, their concentration* is 1M*.

Exothermic reaction
A chemical reaction during which heat is
transferred to the surroundings.

Reactants In an exothermic
D2 reaction, energy is
1 i t to th
88 -AH given out to the
%’,‘5 . : surroundings and
=38 7 Products__  AH s negative.

Endothermic reaction
A chemical reaction during which heat is
absorbed from the surroundings. .

Products in an endothermic
P reaction, energy is
) absorbed from the
surroundings and

Reactants AH is positive.

Increasin
mhdlmg

§AH

Bond energy

A-measure of the strength of a covalent bond
formed between two atoms. Energy must be
supplied-to break bonds and is given .out whe
bonds are formed. A difference in these energ
produces a change in energy during a reactf

- needed Energy given out

& to break bonds ~ 2CIQ) 2H(@)  when Hand O

& inChandH, form HCl

E — — — — —
Cl(@ Hxo 2HCKg)

Hy@ + Clh(@ - 2HCKY)

“Law of conservation of energy -

During a chemical reaction, energy cannc*
ordestrayed. In a closed system*
amount of energy is constant.

* Change of statet 1204 Cia“sed*syst@m 162; Concentration, 139; Covalent bond, 132; Joule, 97;
M-value, 139 (Molarity); Mole; 139; Physical states, 120; r.t.p.; 139 (Molar volume).



Hess’s law

States that the enthalpy change of reaction that
occurs during a particular chemical reaction is
dlways the same, no matter what route is taken
in going from the reactants to the products. The
law can be illustrated by an energy cycle (see
right). Hess’s law is used to find enthalpy
changes of reaction which cannot be measured
directly, e.g. the enthalpy change of formation
of methane.

PHYSICAL CHEMISTRY

Energy cycle
AH3
A+B C+D
Reactants Route 1 Products

G
%3 E+F
AH1 Intermediate AHZ

compound

By Hess’s law:

AH1 (for reaction |
A+B—SE+F)

AH2 (for reaction
E+F—>C+D)

— AHS3 (for reaction
A+B—>C+D)

Special enthalpy changes

Enthalpy change of combustion

or heat of combustion

The amount of heat energy given out when
one mole* of a substance is completely
burned in oxygen. The heat of combustion
for a substance is measured using a bomb
calorimeter.

Bomb calorimeter Oxygen fed in

Electric current
to start combustion

Rise in water
temperature used Heat given
to calculate heat out by
given off by combustion
burning substance.

Substance
Steel under test

Enthalpy change of neutralization

or heat of neutralization

The amount of heat energy given out

when one mole* of hydrogen ions (H") is
neutralized* by one mole of hydroxide ions
(OH"). If the acid and alkali are fully ionized*,
the heat of neutralization is always =57k].
The ionic equation* for neutralization is:

H'(aq) + OH(aq) — H,O( AH = -57kJ
¢ Hydrogen Hydroxide Water
ion ion molecule

When a weak acid* or a weak base* is
involved, the heat produced is less. Some
energy must be supplied to ionize the
acid fully.

Enthalpy change of solution

or heat of solution

The amount of heat energy given out or
taken in when one mole* of a substance
dissolves in such a large volume of solvent*
that further dilution produces no heat change.

Molar enthalpy change of fusion

or molar heat of fusion

The amount of heat energy required to
change one mole* of a solid into a liquid at
its melting point. Energy must be supplied
to break the bonds in the crystal lattice*
of the solid.

AH = +6.0k] mol-1

Mol-! means
“for each mole*”.

Water at 0°C
Ice at 0°C

Molar enthalpy change of vaporization
or molar heat of vaporization

The heat energy needed to change one mole*
of a liquid into a vapor at its boiling point.

AH = +41kf mol -
Steam at
100°C

Mol-1 means

Water at 100°C “for each mole*”.

Enthalpy change of formation

or heat of formation

The heat energy given out or taken in when
one mole* of a compound is formed from
elements. For example:

C(graphite) + 0,(g) — CO,(g) AH = -394kJ

Carbon Oxygen Carbon
dioxide

lonic equation, 141; lonization, 130; Mole, 139;

151; Solvent, 144; Weak acid, Weak base, 152.




OXIDATION AND REDUCTION

The terms oxidation and reduction originally referred to the gain and
loss of oxygen by a substance. They have now been extended to include
the gain and loss of hydrogen and electrons. There is always a transfer of
electrons in reactions involving oxidation and reduction, that is, the
oxidation state of one or more of the elements is always changed.

reaction in which one of the
OCCUTS:

1. An element or compound gains oxygen
2CuO(s) + C(s) —» COx(g + 2Cu(s)
Oxidizing Element Carbon gains

agent oxidized oxygen

2. A compound loses hydrogen
Cl(@) + H)S(@) — 2HCKg) + S(s)

Hydrogen sulfide
loses hydrogen

Oxidizing  Compound
agent oxidized

3. An atom or ion loses efectrons

Cl(g) + 2Nafs) — 2Na*CI(s)

Oxidizing Atomn Sodijum loses
agent oxidized electrons
issa id
i5

and:so

srsubstance:

reduced in

Redox

Describes a chemical reaction involving
oxidation and reduction. The two processes
always occur together because an oxidizing
agent is always reduced during oxidation,
and a reducing agent is.always oxidized
during reduction. In the example on the
right, magnesium and chlorine undergo a
redox reaction to form magnesium chloride.

Mg(s) + Cl(@ — Mgz + 2CI(s)

The simultaneous oxidation and reduction
of the same element in a reaction is called

Reduction
A chemical reaction in which one of the
following occurs:

1. A compound loses oxygen
2CuO(s) + C(s) - COxg) + 2Cu(s)

Compound Reducing
reduced agent

Copper(ll) oxide
loses oxygen

2. A campound or element gains hydrogen
Cl(g) + H)5(g) — 2HCKG) + S(s)

Elemment keducing
reduced agent

Chlorine gains
hydrogen

3. An atom or ion gains electrons.

Cl(g) + 2Na(s) — 2Na*Ci(s)

Atom Reducing Chilorine gains
reduced agent electron

substance that undergoes reduction is
to be reduced, and its oxidation state is’
decreased. Reduction is the opposite.of
oxidation.

Reducing agent

A'substance which donates
causes the reduction of another
The reducing agent is- always

a reaction.

Redox reaction of magnesium and chlorine

12 electrons 17 electrons each

No charge  No charge
Magnesium atom loses two
electrons and becomes a
magnesium ion. It is oxidized.

Chlorine atoms each gain one &
electron ond form chloride

ions. They are reduced.

10 electrons 18 electrons each

Charge +2  Charge -1



‘Oxidation state

The number of electrons which have been
removed from, or added to, an atom when it
forms a compound. The oxidation state of an
selement is usually equal to the charge on its
‘10;1 An element’s oxidation state increases
when it is oxidized and decreases when it
Fssreduced.

gé(ygen is reduced. t—Oxidatian state decreases.

[

2Mg(s) + O, (@ — 2MgO(s)

§ : 0 ——.—.——b 42 ]
aghesfum is oxidized. l_Oxnfatmn state increases.

%@ rules below help to. work out the
mé‘id,ai;on state of an element:

1. The oxidation The oxidation state
state of a free element of oxygen is 0. No
(one that is not part of {. electrons have been
a compound) is zero. lost or gained.

# The oxidation Calcium

state of an chloride forms

element in an a giant ionic

ionic compound* 9 lattice*.

is equal to the

electrical charge

on its ion.
Oxidation state Oxidation state
+2 (2 electrons = =1 (1 electron
removed) added)

Oxidation states of
elements in covalent
compounds* are found AN
by assuming 4
the compound is
ionic*, and working N 3 Ammonia is
out the charge the ions l a covalent

would have. The most- compound*.
electronegative* atom

(the nearest to fluorine

in the periodic Oxidation states
table*) is assumed -3 and +1

to gain the electrons.
. +

3. The sum of the
oxidation states of F e S o

all the elements in a
compound is zero, 4

Iron(ll) sulfate l l l

Sum of oxidation states = (+2) + (+6) + (4x-2)=10

4. The oxidation state of 5. The oxidation state
oxygen in a compound is of hydrogen is usually +1,
normally -2, but in peroxides, except in metal hydrides,
e.g. hydrogen peroxide, it is —1. when it is —1.

PHYSICAL CHEMISTRY

Oxidation number

A number that shows the oxidation state of
an efement in a compound. It is written in
Roman numerals and placed in brackets after
the name of the efement. It is only included in
the name of a compound when the element
has more than one oxidation state.

> lron(liy chioride

Oxidation number of 3 and Oxidation number of 4 and
oxidatlon state of +3 oxidation state of +4

Redox potential

A measurement of the power of ‘a substance fo
gain electrons in solution. A strong reducing
agent, which readily. loses electrons {which it
can give to another substance), will have a
high negative redox potential. Astrong
oxidizing agent, which easily gains e?ectmr;s,
will have a high positive redox potential.
Redox potential is the same as electrode
potential*.

Redox series

A list of substances arranged in order of their
redox potentials, the substance with the most
negative redox potential being placed at‘the
top: A substance usually oxidizes any
substance above it in the series and reduces
any substance below it. The further apart
substances are in the series; the more easily
they oxidize or reduce each other: The redox
series, is an extended version of the
electrochemical series*

Reducing agenis Oxidizing agents
Lithium
Patassipny fodine
Caiciom Bromine
Sodimn Increase in Dictiromate ion  WiteehrraT
[¥akisall power. Redox Chiorine power. Redox
Jrammsmmeall potential Manganate ion potential
. becomes more becomes more
Zinc negative. Hydrogen positive.
Lead peraxide
trom Huorine
Hydrogen
Copper’
Silver

32; - Flectrochemical series, 159; Efectrode potential, 158;

"Giant ionic lattice, 137/ lonic compound, 137, Periodic table, 164.




ACIDS AND BASES

Allfchemicals are either acidic, basic or neutral. In pure
water, a small number of molecules ionize*, each one
forming a hydrogen ion (a single proton*) and a hydroxide
ion. The number of hydrogen and hydroxide ions is equal,

The poison in

and the water is described as neutral. Some compounds dissolve a bee’s sting

is an acid.

in, or react with, water to produce hydrogen ions or hydroxide ions,
which upset the balance. These compounds are either acids or bases.

ACld Acidic Some acids are corrosive and

may have warning labels.

Describes any
A compound containing hydrogen which compound with the
dissolves in water to produce hydrogen ions properties of an acid.
(H* — protons*) in the solution. Hydrogen ions
do not exist on their own in the solution, but
join with water molecules to produce . .
hydronium ions. These ions can only exist in (H;07) or oxonium ion
solution, so an acid will only display its An ion formed when a hydrogen

properties when it dissolves. ion attaches itself to a water _
molecule (see acid). When a reaction

Hydrogen chioride — Blue fitmus* turns red takes place in a solution containing

Hydronium ion

gas (compound) ;_’” Z""f‘ﬂ ‘ hydronium ions, only the hydrogen ion takes
e roOCHioric . N
ZIS;ZI::: ’ part. Hence usually the hydronium ion can be
v considered to be a hydrogen ion.
Hydrogen Chloride Formation of hydronium ion (H;0")
ion (aq) ion (aqg) )
Water T Negative
Combines with water ; ;:c:)l;z;:le 33%& -
molecule to form a p @ Hydronium molecule®) Positive fooo —— Hydrogen
hydronium ijon. ion (ag) end ; attracted
negative
Types of acid
P &, Methanoic acid
N in nettles and ants . .
that sting Mineral acid
4 ’ An acid which is produced chemically from
g mineral, e.g. hydrochloric acid is produced
N from sodium chloride, and sulfuric acid is
Citric and ascorbic  Sulfuric acid in lead- produced from sulfur.
acid in citrus fruits acid accumulators*

R R Mineral acid Formula Organic acid Formwde
Dilute acids have a sour taste, a pH* of less Hydrochloric ~ HCI Ethanedioic ~ (COOH
than 7 and turn blue litmus* red. They react Sulfuric H,50, (Oxalic)

. . Sulfurous H,S0; Methanoic HCOO~
with metals that are above hydrogen in the Nitric HNO, (Formic)
electrochemical series* to produce hydrogen gas. Nitrous HNO, Ethanoic CHO -

. ~ Phosphoric H3PO, (Acetic)
H,S0,aq) + Mg(s) » MgsO,(aq) + Hy(g) L
Acid Metal Salt* Hydrogen Organic acid
An organic compound* that is acidic.
Dilute strong acids* react with carbonates or most common ones are carboxylic acids™
hyd rggencarbonates top rod.uce carbon When leaves die and decompose, they form an organic
dioxide gas and are neutralized by bases. acid called humic acid.

* Carboxylic acids, 195; Electrochemical series, 159; lonization, 130; Lead-acid accumulator, 159; Litmus, 152;
Organic compounds, 190; pH, 152; Polar molecule, 133; Proton, 126; Salts, 153; Strong acid, 152.
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Base

A substance that will neutralize an acid by

accepting hydrogen ions. It is the chemical Amphoteric

opposite of an acid. Bases are usually metal Describes a substance that acis as an acid
oxides and hydroxides, although ammonia is in one reaction, but as a base in another,
also a base. A substance with the properties of e.g. zinc hydroxide.

a base is described as basic. A base which

dissolves in water is an alkali. Ammonia is Anhydride

produced when a base is heated with an A substance that reacts with water to form
mmmonium salt*. ¥ either an acidic or an alkaline solution {see

hydrolysis, page 154). It is usually an oxide.

« masp’s sting contains an alkali
wnd can be neutralized with an acid
such as vinegar.

SOxg) + H, OO — HS03(0q)

e N 7 Sulfur dioxide Water Sulfurous acid
Household liquid - (anhydride)
deaners contain
adkalis that
dissolve dirt. Neutral

Describes a substance that does not have

Indigestion tablets Toothpaste
wntain ,""“;""2 5“92 as is "tb"lfa it the properties of an acid or base. A neutral
magnesium roxide E neutraiizes -
w,,,-gch ,,e,,,,,,z,ze acids made solution has an equal number of hydrogen
the acid produced in your and hydroxide ions. It has a pH* of 7 and
by indigestion. mouth. does not change the color of litmus*.
Alkali Aneutral H OH"
A base, normally a hydroxide of a metal in ;‘:‘Lﬁ’;ﬁg’;ﬁﬁg .
Group 1 or Group 2 of the periodic table*, of hydrogen and
which is soluble in water and produces hydroxide fors.
hydkrOXIdellc,)[ps (Olll—(l )rm solution. These Neutralization
make a solution afkaline. red The reaction between an acid and a base I
ed litmus* - *
Sodum s bige. "~ > to produce a salt* and water only. An
hydroxide Hydroxide | equal number of hydrogen and hydroxide
alhi fons @ o% ions react together to form a neutral
Dissolves Sodium jons || = N Ng? solution. The acid radical* from the acid
L—rNgj W - and cation* from the base form a salt.
- Ng Q I S e mesmIe e oo L gx i '~
@ (@) g o %ﬁ Neutralization is: 5
Ng D Ny ACID + BASE — SAL" + WATER |
Alkaline - '

Bronsted-Lowry theory

Another way of describing acids and bases.
It defines an acid as a substance which
donates protons*, and a base as one which
accepts them.

Describes a solution formed when a base
dissolves in water to form a solution which
contains more hydroxide ions than hydrogen
ions. Alkaline solutions have a pH* of more
than 7, turn red litmus* blue, and feel soapy
because they react with the skin. Alkaline R domtesapﬂ'm"*._ Py "‘D
solutions produced from strong bases* react Water accepts a proton* — it is a base.. z
with a few metals, e.g. zinc and aluminium, T - :
to give off hydrogen gas.

CH,COOH(aq) + H,O() :; H,0*(aq) + CH,COO (aq)

This.sign means reversible reaction*

2Al(s) + 2NaOH(aq) + 6H,O(l) — 2NaAI(OH),(aq) + 3H,(@) Hydronium ion donates proton* — it is an acid.
Aluminium  Sodium Water Sodium Hydrogen Ethanoate ion accepts proton* — it is a base.
hydroxide aluminate !
* Acid radical, 153; Antacid, 344; Cation, 130; Litmus, 152; Periodic table, 164; pH, 152; Proton, 126; 1 51 '
1]

Reversible reaction, 162; Salts, 153; Strong base, 152. - !
















ELECTROLYSIS

Electrolysis is a term describing the chemical changes which occur when
an electric current® is passed through a liquid containing ions. Metals and
graphite conduct electric current because some electrons are free to move
through the crystal lattice*, but molten* ionic compounds* or compounds
which ionize* in solution conduct electric current by the movement of ions.

Electrolyte

A compound which conducts electricity

when molten* or in aqueous solution*, and
decomposes during electrolysis. All ionic
compounds* are electrolytes. They conduct
electricity because when molten or in solution
their ions are free to move. Cations* carry a
positive charge and anions* a negative one.
The number of ions in an electrolyte
determines how well it conducts electricity.

Copper(ll) sulfate solution
(an aqueous solution*)

Molten* sodium chloride

D s
. Hy g
’ @ cry S @ $0
Sodiulln Chioride Copper Water Sulfate
cation* anion* cation* molecule anion*
Non-electrolyte — a compound
O which does not ionize*.
a Weak electfolyte an electrolyte
@ which is only partially ionized*,
@ Strong electrolyte — an electrolyte
@ @ which is ionized* completely.

Electrode

A piece of metal or graphite placed in an
electrolyte via which current* enters or
leaves. There are two electrodes, the anode
and cathode.

Inert electrode

An electrode that does not change during
electrolysis, e.g. platinum. Some inert
electrodes do react with the substances
liberated.

Active electrode

An electrode, usually a metal, which
undergoes chemical change during
electrolysis.

Electrolytic cell

A vessel containing the electrolyte (either
molten* or in aqueous solution®) and the
electrodes.

Electrolytic cell

Negative termind
of battery

Positive terminal
of battery

Electrons enter
cell here

Electrons leave
cell here

— The cathode is ihe
electrode with a
negative charge.

The anode is the —]
electrode with a
positive charge.

Electrolyte

lonic theory of electrolysis

A theory which attempts to explain what
happens in an electrolytic cell when it is
connected to a supply of electricity. It states
that anions* in the electrolyte are attracted to
the anode (see electrode) where they lose
electrons. The cations* are attracted to the
cathode where they gain electrons. The ions
which react at the electrodes are discharged.
Electrons flow from the anode to the battery
and from the battery to the cathode.

Electrolysis of molten* sodium chloride
—p | , = — Llectron flow

+ _
Bubbles af .
chiorine gas Sodium metal

. deposited

Chloride jons <—Clj Sodium ions
attracted to { P attracted to
anode. j<—CLj cathode.
Reaction befow — Reaction bekn
takes place. takes place.

Chioride ion loses an electron. Sodium jon gains an electrom

CI'=sCl+e- Na* + e~ = Na
Chlorine gas formed. Sodium metal formed.
Cl+Cl—>Cl,

1 56 * Anion, 130; Aqueous solution, 144; Cation, 130; Crystal lattice, 136;

Current, 159; lonic compound, 131; lonization, 130; Molten, 120.



Faraday’s first law of electrolysis

The mass of a substance produced by
chemical reactions at the electrodes during
electrolysis is proportional to the amount of
electricity passed through the electrolyte.

Amount of electricity = current x time

@__.

Current Time Mass
—
Double current Time Double mass
Q—
Current Double time Double mass

Faraday’s second law of electrolysis
When the same amount of electricity is
passed through different electrolytes, the
number of moles* of each element deposited
at the electrodes is inversely proportional to
the size of the charge on its ion.

A copper ion must gain 2
electrons to form an atom.

Cu¥ +2e” 5 Cu

if 1 faraday

(1 mole* of
electrons) passes
through copper(l)
suffate, two
electrons are

Hence 1 faraday
causes ¥ mole of
copper ions to be
produced from atoms
and deposited on the
F cathode. ¥: is

=

+

PHYSICAL CHEMISTRY

needed to turn inversely proportional
each copper ion to 2 — the charge on
into an atomn. a copper ion.

Other 1F produces one mole* 1F produces '/ mole*
examples: sodium atoms from aluminum atoms fram

sodium ions (Na*). its ions (AB*).

Voltameter or coulometer

A type of electrolytic cell used to measure
the amount of a substance liberated during
electrolysis.

Coulomb (C)

The SI unit* of electric charge. One coulomb
of electricity passes a point when one
ampere* flows for one second.

Faraday (F)

A unit of electric charge equal to 96,500
coulombs. It consists of the flow of one mole*
of electrons and therefore liberates one mole
of atoms from singly-charged ions.

* Ampere, 60; Corrosion, 209; Mole, 139; Molten, 120;
Oxidation, 148; Reactivity series, 158; SI units, 96.

Electrolysis in industry

Electro-refining

A method of purifying metals by electrolysis.
Only the metal ions take part in electrolysis,
the impurities are lost.

Pure copper

Impure copper
d cathode

Copper atoms give
up electrons to form
copper jons in the

- Copper(li) suifate
solution

solution. These are Cu?z
attracted to the Impurities form
cathode. a sludge.

Metal extraction

A process which produces metals from their
molten™ ores by electrolysis. Metals at the top
of the reactivity series* are obtained in this
way (see aluminum, page 176 and sodium,
page 168).

Anodizing

The coating of a metal object with a thin’
layer of its oxide. Hydroxide ions are
oxidized* at the metal anode in the
electrolysis of dilute sulfuric acid, forming
water and oxygen, which oxidizes the
metal.

These aluminum camping flasks have
been anodized with aluminum oxide
to prevent them from corroding.

Electroplating ,
The coating of a metal object with a
thin layer of another metal by
electrolysis. The object forms the
cathode, onto which metal
ions in the electrolyte are
deposited.

This steel nail has
been zinc plated to
stop corrosion*
(see sacrificial
protection,
page 159).

The metal front of
this guitar has been
plated with chrome
by electrolysis.
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| CusO4aq)” + In(s) — ZnSO,aq) + Cu(s)

REACTIVITY

The reactivity of an element depends
on its ability to gain or lose the
electrons which are used for bonding
(see pages 130-134). The more
reactive an element, the more easily
it will combine with others. Some
elements are very reactive, others
very unreactive. This difference can
be used to produce electricity and
protect metals from corrosion*.

Displacement

A reaction in which one element replaces
another in a compound. An element will only
displace another lower than itself in the
reactivity series (see right).

Zinc displaces copper from copper(ll) sulfate solution.

'x

Reactivity series or activity series

A list of elements (usually metals), placed

in order of their reactivity. The series is
constructed by comparing the reactions of
the metals with other substances, e.g. acids
and oxygen (for a summary of reactions, see
page 211).

Potassium
Sodium Increasing reactivity
Caicium o
Magnesium Increasing power as
. a reducing agent "
Aluminum
Zinc =
I Increasing power to lose
on electrons to form ions
Lead —— —
Copper . 3
Increasing power of displacement
Sitver

Half cell

An element in contact with water or an
aqueous solution* of one of its compounds.
Atoms on the surface form cations*, which
are released into the solution, leaving
electrons behind. The solution has a positive
charge and the metal a negative charge, so
there is a potential difference between them.

Measuring the electrode potential of a metal

Voltmeter measures potentlal dlifference

between two half cells (electrode potential)‘—l

Electrode potential (E)

The potential difference in a half cell. It

is impossible to measure directly, so is
measured relative to that of another half cell,
normally a hydrogen electrode (see diagram).
Electrode potentials show the ability to
ionize* in aqueous solution* and are used

to construct the electrochemical series.

Electrons
left behind
on metal

Platinum wire
Electrode*
of the metal

half cell used as reference
when measuring electmde—l
potentlals.

F————f————

[
Hydrogen at 10,125 | f\

|
|
|
|
pascals* enters here. —1—— :
|
|
|

Platinum electrode —
piece of platinum on
which bubbles of gas
form. Acts as an
electrode* of the gas.

1M* solution of
hydrochioric acid. | N

Hydrogen electrode ~ /—\
v

[

[

[

I
Salt bridge — paper soaked in :
potassium nitrate solution, used |
I

I

|

I

I

two half cells. Prevents two
solutions from mixing, but lets

1

1

1

1 L :
| to complete circuit between
!

1

[ .

ions pass along it.

Metal
half cell

e e e ——

* Aqueous solution, 144; Cation, 130; Corr(.)sion, 209; Electrode, 156;
Ionization, 130; M-value, 139 (Molarity); Pascal, 97; Reducing agent, 148.



Electrochemical series

A list of the elements in order of their
electrode potentials. The element with the
most negative electrode potential is placed
at the top. The position of an element in the
series shows how readily it forms ions in
aqueous solution*, and is thus an indication
of how reactive it is likely to be.

" Lithium __.-3.05V

Potassium

PHYSICAL CHEMISTRY

Calcium -
More negative electrode

| “Sodium potential. Increasing
tendency of metals to

Potential difference or voltage

A difference in electric charge between
two points, measured in volts (V) by an
instrument called a voltmeter. If two points
with a potential difference are joined, an
electric current, proportional to the
potential difference, flows between them.

Current

A flow of electrons (negatively-charged
particles) through a material. The SI unit*
of current is the ampere* (A), and current
is measured using an ammeter. A current
will flow in a loop, or circuit, between
two points if there is a potential

1 Magnesium i

agn form positive ions. difference between them.
Adurinm
Zinc Current flows ——— Potential difference

if two points — . is measured using a
- dren with a H 5 voltmeter.
Tin , potential : !
N i
. difference i \ ——— Electrons flow

Lead ) are connected in a wire from
Hydrogen ov with a . i negative to

ydrog substance Positive  Negative positive.
Copper which charge charge ’
Jodine — conducts The size of

] More pasitive eled?rode electricity. a current is
Silver poijentml. flncreasmgl measured using
Mercury tendency o n(.Jn-r.netas an ¥

to form negative ions.

Bromine
Chlorine — +1.36V

Electromotive force (e.m.f.)

The name given to the potential difference
between the two terminals of a cell (i.e. the
difference between the electrode potentials of
the two half cells).

Cell or electrochemical cell

An arrangement of two half cells of different
elements. The half cell with the most negative
electrode potential forms the negative terminal

and the other forms the positive terminal.
When these are connected, a current flows
between them. There are two types of cell -

primary cells, which cannot be recharged, and

secondary cells, which can be recharged. A
battery is a number of linked cells.

A car battery
consists of six
secondary cells

Daniell cell (primary cell)
Porous pot
(allows liquid

to flow fCOc;Ip PEr called lead-acid
accumulators *.

through). ———

) M~
Zinc rod copper(il)
1M* zinc sulfate A3
suffate solution
solution

E.m.f. = difference between the electrode
potentlals of zinc and copper = 1.1V

Sacrificial protection

Also known as cathodic protection

or electrical protection. A method of
preventing iron from rusting* by attaching
a metal higher in the electrochemical
series to it, which rusts instead.

Iron hulls of
ships can be
protected by
attaching bars
of zinc to them.

Zinc bars lose electrons
more easily than iron
because zinc is higher in the
electrochemilcal series.

* Ampere, 60; Aqueous solution, 144; Lead-acid accumulator, 69;

M-value, 139 (Molarity); Rusting, 209 (Corrosion); SI units, 96.




RATES OF REACTION

The time it takes for a chemical

reaction to finish varies from less than

one millionth of a second to weeks or even
years. It is possible to predict how long a
particular reaction will take and how to speed
it up or slow it down by altering the conditions
under which it takes place. The efficiency of
many industrial processes-is improved by
increasing the rate of reaction, e.g. by using
high temperature and pressure, or a catalyst.

Rate of reaction

A measurement of the speed of a reaction.

It is calculated by measuring how quickly
reactants are used up or products are formed.
The experimental method used to measure the
rate of reaction depends on the physical
states* of the reactants and products, and the
data from such an experiment is plotted on a
rate curve. The speed of a reaction varies as
it proceeds. The rate at any time during the
reaction is the instantaneous rate. The
instantaneous rate at the start of the reaction
is the initial rate. The average rate is
calculated by dividing the total change in the
amount of products or reactants by the time
the reaction took to finish.

Rate curve.- th ,n‘faec of products w:ﬂ't time

%Proc uct:
T o : o
ous;__ —
¢ . g Gurve oecomes
rates — 7/ level when.reaction
-~ P as finished . |

) / _nitial mté is the fastest (so the curve
/ is steepest) because concentration* of

reactants-is I'lfy restiatthe )Lul“‘i’
I

VY.
!

Time

Collision theory

Explains why altering the conditions under
which a reaction takes place affects its rate. For
a reaction to take place between two particles,
they mustcollide, so if more collisions occur,
the rate of reaction increases. However, only
some collisions cause a reaction, since not all
particles have enough energy to react (see
activation energy, right).

* Concentrétion, 139; Physical
states, 120; Photosynthesis, 209.

H Photosynthesis*
Photochemical — the process by which
reaction plants make their food

— is a photochemical

A reaction whose reaction.

speed is affected by the

intensity of light, e.g. photosynthesis*.
Light gives reacting particles more energy
and so increases the rate of reaction.
Photochemical

reactions occur in
photography.

light falls on the film,
recording the picture.

2AgCI(s) — 2Ag(s) + ClAg)

Activation energy (E)

The minimum energy that the particles of
reactants must have for them to react when
they collide (see collision theory).

The rate of reaction depends on

how many reacting particles have

this minimum energy. In many

reactions, the particles already

have this energy and react

immediately. In others, energy has

to be supplied for the particles to

reach the activation energy. //

Friction produces heat,
giving activation
energy to the
particles in
the match.







'~ color fades.

Heat
Cool ]

Decrense

2NO,(g) = 2NO(g) + O,(g)

NH,CI(s) = NHi(g) + HCKg)
|
I

This sign means reversible.

LITL S LAMLLLIE LD WP LRI PLLE LM LIS LR 1 L d

team wins, the reaction is a forward reaction. equilibrium — it occurs when the forward
o If the blue team wins, it is @ d . i |
ol ondidniinn and reverse reactions are taking place, b
: are canceling each other out.













INORGANIC CHEMISTRY

Inorganic chemistry is the study of all the elements
and their compounds except those compounds made
of chains of carbon atoms (see organic chemistry,
pages 190-205). The properties and reactions of
inorganic elements and compounds follow certain
patterns, or trends, in the periodic table*. By
looking up and down groups* and across The properties-and
periods* of the table, it is possible to predict  make them suitable for

‘the reactions of elements. -

Major periodic table trends

Size of an atom of the element decreases.

and of solids tend to increase.

Meiting points points of tend to decrease:

Elements  from metals to metalloids to non-metals (see

reactions of elements A

particular purposes. For
example, oxygen and
hydrogen burn easily and
are used in rocket fuel.
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sroup cairoften be determined from trends

Predicting reactions
Throughout the inorganic section of this book,
each group* of elements has an introduction

The following steps show how to predict
reactivity* of cesium with cold water.
Cesium is in Group | (see pages 168-169

and chart which summarize some of the
properties of the group’s elements. Below the
charts are blue boxes which highlight trends
going down the group. After the introduction,
mmon group members are defined.
nformation on the other members of the

1. The chart introducing Group I shows that. thé reactivit
the elements increases going down the group.

2. From the definitions of lithium, sodium and. potassiumr
found that all three elements react with water.with increcsem
violence going down the group  lithium react gently,

reacts violently and potassium reacts very iglently.

It is predicted that cesium, as it comes after potassium

down the group.

down the group, will react extremely vigkently with wol

' *

Amphoteric, 151; Anion, 1.30; Basic, 151 (Base); Cation, 130;
Group, 165; Outer shell, 127; Oxides, 183; Oxidizing agent, 148;
Period, 164; Periodic table, 164; Reactivity, 158; Reducing agen

t, 148.



HYDROGEN

Hydrogen (H,), with an atomic number* of one, is the
first and lightest element in the periodic table*, and
the most common in the universe. It is a diatomic*,
odourless, inflammable gas which only occurs naturally
on Earth in compounds. It is made by the reaction of
natural gas and steam at high temperatures, or the reaction
of water gas* and steam over a catalyst*. It is a reducing

agent*, burns in air with a light blue flame and, when heated, reacts 1 U
with many substances, e.g. with sodium to form sodium hydride (all //
compounds of hydrogen and one other element are hydrides).

Hydrogen is used, for example, to make margarines (see
hydrogenation, page 193) and ammonia (see Haber process,
page 180), and as a rocket fuel. See also pages 217 and 218.

Hydrogen atom Hydrogen molecule

¢ o

Consists of two hydrogen atoms
joined by a covalent bond*.

Electron _W
.

Proton*

Hydrogen ion (H"). Consists of only one proton* (no “
electron). Formed when a hydrogen atom loses its electron.
Hydrogen ions combine with water molecules to form hydronium
ions*. Excess hydronium ions in a solution make it acidic.

Hydrogen reacts with sodium to make sodium hydride.

2Na(s) + Hy(@) — 2NaH(s)

Sodium Hydrogen Sodium hydride

Hydrogen is a reducing agent*.

CuO(s) + Hy@ — Cu@ + HO(0
Copper(ll) oxide  Hydrogen Water

Copper

Deuterium (D or 2H)

An isotope* of hydrogen with one proton* and
oné neutron*. It makes up 0.0156% of natural
hydrogen. Water molecules containing
deuterium are called deuterium oxide (D,0O) or
heavy water molecules. Heavy water is used in

nuclear reactors to slow the fast moving neutrons.

Tritium (T or H)

An isotope* of hydrogen with one proton*
and two neutrons*. It is rare but is produced by
nuclear reactors. It is radioactive*, emitting
beta particles*. Tritiated water contains some
water molecules in which a hydrogen atom has
been replaced by a tritium atom. It is used by
doctors to find how much fluid a patient passes.

* Atomic number, 127; Beta particle, 128; Catalyst, 161; Cation, 130; Covalent bond, 132; Diatomic, 124;
Hydrogen bond, 134; Hydronium ion, 150; Isotope, 127; Neutron, 126; Oxidizing agent, 148; Periodic table, 164;
Polar molecule, 133; Proton, 126; Radioactivity, 128; Reducing agent, 148; Water gas, 179 (Carbon monoxide).

Sucrose (C;,H;,0;1),
the sugar in sweets, is
a compound of carbon,
hydrogen and oxygen.

Hydrogen peroxide (H,0,)

A syrupy liquid. It is an oxide of hydrogen and
a strong oxidizing agent*. It is sold in solution
as disinfectant and bleach.

Water (H,O)

An oxide of hydrogen and one of the

most common compounds on Earth. It is a
colorless, odorless liquid which freezes

at 0°C, boils at 100°C, has its greatest density
(Tg cm™) at 4°C and is the best
solvent known. It is made of
polar molecules* linked by
hydrogen bonds* and

is formed when
hydrogen burns
in oxygen. See
also pages 206
and 218.

Hydrogen atom

Covalent
bonds*

Diagram of a water

molecule (polar

molecule*)

Hydrogen atom

Hydroxide
A compound made of a hydroxide ion (OH")
and a cation*. Solutions containing more OH"
ions than H* ions are alkaline. Many
hydroxides are not water-soluble, e.g. lead(11)
hydroxide (Pb(OH),). However, the hydroxides
of Group | elements and some others are
water-soluble.



GROUP I, THE ALKALI METALS

The elements in Group I of the periodic table* are called alkali metals as
they are all metals which react with water to form alkaline solutions. They
all have similar chemical properties and their physical properties follow
certain patterns. The chart below shows some of their properties.

Some propetrties of Group | elements

Name of Chemical Relative atomic Electron R tivi Abpe v

element symboi mass* configuration*® eactivity ppearance ses

Lithium Li 694 2,1 Silver-white See below.
| metal

Sodium Na 2299 28,1 N Soft, silver-white | geq pejow.
c metal

Potassium | K 39.10 2881 R Soft, silver-white | ¢o0 hage 169.
E metal

Rubidium Rb 85.47 A Soft, silver-white | To make

) Complex ? metal speciat glass
B configuration Soft metal with In photocells* and
" Cesium: Cs 132.50 but still one x gold sheen as a catalyst*
. No known outer eleciron,
r .
stable isotope* A

/

The atoms of all Group | elements have one electron in their
outer shell*, hence the elements are powerful reducing
agents* because this electron is easily lost in reactions. The
resuiting ion has a charge of +1 and is more stable because its
new outer shell is complete (see octet, page 127). All Group |
elements react in this way to form fonic compounds”*.

A

Going down the group, the reaction of the elements with water
gets more violent, each forming an alkaline solution and

| hydrogen gas. The first three members tarnish in air and”
rubidium and cesium catch fire. All Group | elements are

stored under oil because of their reactivity. They are soff enough
to be cut easily with a knife. .

These two pages contain more information
on lithium, sodium, potassium and their
compounds. They are typical Group |
elements.

Lithium (Li)

The least reactive element in Group | of
the periodic table and the lightest solid
element. Lithium is rare and is only found
in a few compounds, from which it is
extracted by electrolysis*. It burns in air
with a crimson flame. Lithium reacts
vigorously with chlorine to form lithium
chloride (LiCl) which is used in welding
flux and air conditioners. A piece of lithium
placed in water glides across the surface,
fizzing gently.

2li¢s) + 2H,0() — 2LiIOH(aq) + Hy(@

Lithium Water Lithium hydroxide Hydrogen

After the reaction, the solution is strongly alkaline, due to the
lithium hydroxide forméd.

Sodium (Na)

A member of Group | of the periodic table,
found in many compounds. [ts main ore is
rock salt (containing sodium chloride — see
also potassium). It is extracted from molten
sodium chloride by electrolysis*, using a
Downs’ cell. Sodium burns in air with an
orange-yellow flame and reacts violently
with non-metals and water (see equation for
Jithium and water, and substitute Na for Li .
It is used in sodium vapor lamps and as a
coolant in nuclear power stations.

Downs’ cell (used to extract sodium from
molten sodium chloride by electrolysis*)

—l

Sodium chloride T — Chlorine gas

Electrolyte* of
molten sodium
chloride

(600°C)

Steel cathode*
encircling
anode* (molten ~ | | o
sodium 147
produced here).

Graphite anode* (chiorine produced here

* Anode, 156 (Electrode); Catalyst, 161; Cathode, 156 (Electrode); Electrolysis, Electrolyte, 156;
Electron configuration, 127; lonic compound, 131; Isotope, Quter shell, 1.27; Periodic table, 164;
Photocell, 345; Reducing agent, 148; Relative atomic mass, 138.







GROUP Il,
THE ALKALINE-EARTH METALS

The elements in Group Il of the periodic table* are called the alkaline-earth
metals. The physical properties of the members of Group Il follow certain
trends, and, except beryllium, they all have similar chemical properties.
They are very reactive, though less reactive than Group | elements. The
chart below shows some of their properties. These two pages contain more
information on magnesium, calcium and their compounds. Magnesium and
calcium are typical Group Il elements.

Some propetties of Group Il elements -

Name of Chemical Relative atomic Electron Reactivi A rance VU
element symbol mass* configuration* eactivity ppea ses
. Hard, white In light, corrosion-
Beryllium Be o.01 22 | metaif resistant alloys*
Magnesium | Mg 24.31 2,82 N Silver-white See below.
c metal
Calcium Ca 40.31 28,82 'é f‘;’g;l""e"“’h"e See right.
A ver-whi N
Stronfium | Sr 87.62 Complex s Soft siiver-white | in freworks
configuration, } ;";q - o~
i but stilf 2 outer Of, silver- n fireworks
Barium Ba 137.34 electrons g white metal and medicine
Radium Ra Rare radioactive* Soft, silver- An isofope# is used
" metal A white metai to treat cancer.

_/

7AY

F The atoms of all Group Ji elements have two electrons in their
outer shell*, hence the elements are good reducing agents*
because these electrons are fairly easily lost in reactions. Each
resulting ion has a charge of +2 and is more stable because its
new outer shell is complete (see octet, page 127). All Group il
elements react this way to form ienic compounds*, though
some beryllium compounds have covalent* properties.

Going down the group, elements react more readily with both
water and oxygen (see magnesium and calcium). They all
tarnish* in air, but barium reacts so violently with both water
and oxygen that it is stored under oil.

Magnesium (Mg)
A-member of Group Il of the periodic table. It
only occurs naturally in compounds, mainly

2Mg(s) + O2Ag) — 2MgO(s)
Magnesium Oxygen Magnesium

oxide

in either dolomite (CaCO,.MgCO; - a rock
made of magnesium and calcium carbonate)

Magnesium reacts rapidly with dilute acids:

or in magnesium chloride (MgCl,), found in
sea water. Magnesium is produced by the
electrolysis* of molten magnesium chloride.

Magnesium

Mg(s) + 2HClaq) — MgClx(aq) + HxAg
Hydrochloric Magnesium Hydrogea
acid chloride

It burns in air with a bright white flame.

Magnesium is used to make
alloys*, e.g. for building aircraft.
It is also needed for plant
photosynthesis* (it is found in
chlorophyll* — the leaf pigment
which absorbs light

Mges) + Cl(g) —» MgCh
Magnesium Chiorine Magnesim
chioside

. Magnesium burns vigorously in chlorine (see above),
slowly with cold water and rapidly with steam (see below,

energy).
Mg(s) + H20(@) — MgO(s) + HxAg)
Magnesium Steam Magnesium  Hydrogems
oxide

* Alloy, 344; Chlorophyll, 255; Covalent compounds, 132; Electrolysis, 156; Electron configuration, 127;
lonic compound, 131; Isotope, Outer shell, 127; Photosynthesis, 254; Periodic table, 164;
Radioactivity, 128; Reducing agent, 148; Relative atomic mass, 138; Tarnish, 345.
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GROUP 11l ELEMENTS

The elements in Group 1l of the periodic table* are generally not as
reactive as the elements in Groups | and Il. Unlike those elements they
show no overall trend in reactivity, and the first member of the group is
a non-metal. The chart below shows some of their properties. More
information on aluminum and its compounds can be found below the
chart. Aluminum is the most widely used member of this group.

Some properties of Group Il elements

Name of Chemical Relative atomic Electron Reactivi Appearanc Uses
element symbol mass* configuration* edctivity ppearance
Brown powder In confrol rods* glass
Boron B 1081 2.3 N or yellow crystals | and to harden steel
O
Aluminum Al 2698 283 White metal See below.
T
Gallium Ga 69.72 R Silver-whife in semiconductors*
Complex E metal
configuration N Soft, siiver-whife | In control rods* and
: Indium In 11482 Bt st three D mefai transparent elegirodes
fh N oufer efectrons iver-whi i
Thallium m 204,37 Soft, sl;lver whife | ot poison f@
N . - - . A netal Iy

/

Although all atoms of Group Ill elements have three outer
electrons, they react to form different types of compound.
Those of boron, and some of aluminum, are covalent*.
Other members of the group form mostly ionic compounds*.

Aluminum (AD

A member of Group Il of the periodic table.
It is the most common metal found on Earth,
and occurs naturally in many compounds, e.g.
bauxite (see aluminum oxide) from which it
is extracted by electrolysis*. It is hard, light,
ductile*, malleable* and a good conductor of
heat and electricity. It reacts with the oxygen
in air to form a surface layer of aluminum
oxide which stops further corrosion. It also
reacts with chlorine, dilute acids and alkalis.

Powerlines are aluminum,
as aluminum
conducts electricity
better for its
weight than

~ copper. ;

Some uses of aluminum
and its alloys*

Thin sheets of aluminum. are
used to wrap food, e.g.
chocolate bars. It is also used
to make soda cans.

Its light weight makes it ideal for
making many things, from aircraft
to ladders and bicycles.

Aluminum oxide (Al,O,) or alumina

An amphoteric*, white solid that is almost
insoluble in water. It occurs naturally as
bauxite (Al,0,.2H,0 — see also aluminum)
and as corundum (Al,O,) - an extremely hard
crystalline solid. It is used in some cements
and to line furnaces.

The extraction by electrolysis* Carbon
of aluminum from bauxite cathode
forms
lining.
Carbon anode*
Steed
Molten
aluminum B
metal .
dissa
tapped .
off here. in
cryeliie
(Na M

Aluminum hydroxide (AI(OH),)

A white, slightly water-soluble, amphoteric
solid, which is used in dyeing cloth, to ma
ceramics and as an antacid*.

Aluminum sulfate (Al,(SO,),)
A white, water-soluble, crystalline solid
to purify water and make paper.

*Alloy, 344; Amphoteric, 157; Anode, 156 (Electrode); Antacid, 344; Cathode, 156 (Electrode);
Control rods, 94; Covalent compounds, 132; Ductile, 344; Electrolysis, 156; Electron configuration, 127;
lonic compound, 131; Malleable, 345; Periodic table, 164; Relative atomic mass, 138; Semiconductor, 65.



GROUP IV ELEMENTS

INORGANIC CHEMISTRY

The elements in Group IV of the periodic table* are generally not very

reactive and the members show increasingly metallic properties going down

the group. For more about the properties of these elements, see the chart

below, silicon and lead (this page) and carbon, pages 178-179.

Some properties of Group 1V elements
Name of Chemical Relative atomic Electron R Sivi Appearance U
element symbol mass* configuration* eactivity PP © ses
Solid non-metal
Carbon C 12.01 24 N (s06 page 178) See page 178.
siicon si 2009 284 © Shiny. gray | see elow.
T metalloid* solid
Gemanium | Ge 72.59 R Groyrshtwi’mex In fransistors
4 Complex E metalioid* solid
“ Tin sn 118.69 configuration N Soff, siver-white | Tin plating, e.g.
: but still four D meial food containers
lead Pb 207.19 outer elecirons Soft SNFGTAY | 506 below.

Silicon (Si)

A member of Group IV of the periodic table.
It is a hard, shiny, gray metalloid* with a high
melting point. Silicon is the second most
common element in the Earth’s crust — it is
found in sand and rocks as silicon dioxide
and silicates. When it is ground into a powder
it reacts with some alkalis and elements,
otherwise it is generally unreactive.

Silicon is a semiconductor* and
is used to make silicon chips —
complete microelectronic circuits.

Silicon dioxide (SiO,)

Also called silicon(IV) oxide, or silica. An
insoluble, white, crystalline solid. It occurs in
many forms, such as flint and quartz. It is
acidic and reacts with concentrated alkalis.
Silicon dioxide has many uses, e.g. in the
making of glass and ceramics.

Sand is impure

quartz. Quartz

crystals are

used in
watches.

Silicates

Silicon compounds that also contain a metal
and oxygen, e.g. calcium metasilicate (CaSiO,),
and make up most of the Earth’s-crust. They are
used to make glass and ceramics.

* Covalent compounds, 132; Electron configuration, 127; Electrode, 156; lonic compound, 131;
Malleable, 345; Metalloids, 165 (Metal); Periodic table, 164; Relative atomic mass, 138;
Semiconductor, 65; Soft water, 207 (Hard water); Tarnish, 345.

Although alf atoms of Group IV elements have four outer
electrons, they react to form different compound types. They
all form covalent compounds*, but tin and lead form
fonic compounds* as well.

Silicones

Complex, man-made compounds
containing very long chains of
silicon and oxygen atoms.

Silicones are used in high-performance
oils and greases and for non-stick
surfaces. They are also used in waxes,
polishes and varnishes, as they are
water-repellant.

Lead (Pb)
A member of Group [V of the periodic table.
A soft, malleable* metal extracted from galena
(lead(11) sulfide). It is not very reactive, though
it tarnishes* in air, reacts slightly with soft
water* and slowly with chlorine and nitric
acid. It forms ionic compounds* called
lead(Il) or plumbous compounds, e.g. lead(ll)
oxide (PbO), and covalent compounds*
called lead(IV) or plumbic compounds,

e.g. lead(lV) oxide (PbO,). Lead has

many uses, e.g. in car batteries P
and roofing. It is used in g
hospitals to protect people
from the harmful effects
of X-rays.

Car battery

Lead and lead(IV) oxide electrodes*



CARBON

Carbon (C) is a member of Group IV
of the periodic table* (see also chart,
page 177). It is a non-metal and
has several allotropes*, including
diamond, graphite and
buckminsterfullerene, and an
amorphous* (unstructured) form —
charcoal. Carbon is not very reactive.
[t only reacts with steam when
heated, and with hot, concentrated*
sulfuric or nitric acids (see equation
below). Carbon atoms can bond with
up to four other atoms, including
other carbon atoms. As a result, there
are a vast number of carbon-based
compounds (organic compounds —
see page 190). Living tissue is
made of carbon compounds, #
and animals break down -
these compounds to
liberate energy (see

Pt
carbon cycle,
page 209).

Animal and plant proteins are compounds of
carbon, oxygen, hydrogen and nitrogen.

Equation for the reaction of carbon and nitric acid:

C + 4HNO, —» CO, + 4NO, + 2H,0
Carbon Nitric Carbon Nitrogen Water
acid dioxide dioxide

Carbon will burn in air when heated, to form carbon dioxide.

Cis) + 0x9) — COx)
Oxygen Carbon
dioxide

Carbon

If burned in a limited supply of air, carbon monoxide forms.

2CG) + Ox(g — 2CO(Q)
Carbon
monoxide

Carbon Oxygen

Carbon is'a reducing agent”. It reduces the oxides* of any metal
below zinc in the reactivity series* of metals:

C + 2PbO —» CO, + 2Pb
Carbon Lead(ll) Carbon Lead
oxide dioxide

Carbon is used in industry to reduce metal oxide orés to metals
(see iron, page 174).

Covale

Diamond is found in a
rock called kimberlite.
Rough diamonds are
dull but can be cut to
make glittering gems.

Diamond

A crystalline, transparent form of carbon. %;\é
It is the hardest naturally occurring

substance. All the carbon atoms are joined by
strong covalent bonds* — accounting for its
hardness and high melting point (3,750°C).
Diamonds are used as abrasives*, glass
cutters, jewelry and on drill bits. Synthetic
diamonds are made by subjecting graphite

to high pressure and temperature, a very
costly process.

The crystal structure
of diamond

Each carbon atom is bonded to
four other carbon atoms by
covalent bonds* which are
arranged to form a tetrahedron.

Giant atomic lattice*

Diamond is
harder and denser
than graphite.

Diamond and graphite

both have high melting points. Covalent bomd®

Graphite

A gray, crystalline form of carbon. The atoms
in each layer are joined by strong covalent
bonds*, but the layers are only linked by
weak van der Waals’ forces* which allow
them to slide over each other, making
graphite soft and flaky. Graphite is the onh
non-metal to conduct electricity well. It als
conducts heat. It is used as a lubricant, in
electrolysis* (as inert electrodes*), as corua
in electric motors, and in pencil leads.

The crystal structure of graphite

Layer of carbon atoms

van der Waals’ forces*
link the layers.

bond*

There are three covalent bonds* from every carbon
atom to other carbon atoms in the same layer.

* Abrasive, 344; Allotropes, 136 (Allotropy); Amorphous, 135; Concentrated, 144; Covalent bond, 132;
Electrolysis, 156; Giant atomic lattice, 137; Inert electrode, 156; Oxides, 183; Periodic table, 164;
Reactivity series, 158; Reducing agent, 148; van der Waals’ forces, 134.



COy(0q) + HOM) = 2H"(aq) + CO2'(aq)
Carbon dioxide  Water Reversible Carbonic acid
reaction”
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GROUP V ELEMENTS

The elements in Group V of the periodic table* become increasingly
metallic going down the group (see chart below).

Some properties of Group V elemenis
Name of Chemical Relative atomic Electron Reactivi A ranc U
element symbol mass* configuration* eactivity ppearance ses
Nitrogen N 14,00 25 | Colorless gas See below.
N
c Non-metallic solid
Phosphorus P 30.97 285 5 (see page 182 See page 182,
j E Three allotropes* In semiconductors*
Arsenic Ao G Complex A (one s metalic) | and alloys*
. configuration S Siver-whife in fype metal .
Antirmony Sb 121.75 but still five 1 metal and other alloys
' outer electrons | N White metal with | I low meffing poi
. . gupoint
Bismuth Bi 208.98 G reddish finge alioys and snes

More information on nitrogen, phosphorus
and their compounds can be found below
and on pages 181-182. They are the two most
abundant. members of the group.

Nitrogen (N,)

A member of Group V of the periodic table. A
colorless, odorless, diatomic* gas that makes
up 78% of the atmosphere. It can be produced
by fractional distillation of liquid air* (but see
also page 217). Its oxidation state* in
compounds varies from -3 to +5. It reacts with
a few reactive materials to form nitrides.

All the atoms of Group V elements have five electrons in their '
outer shell*. They all react to form covalent compounds*

in which they share three of these electrons with three from
another atom, or otoms (see octet, page 127). Antimony,
bismuth and nitrogen also form ionic compounds*.

Haber process

This process is used to make ammonia from
nitrogen and hydrogen which are reacted in a
ratio of 1:3. Ammonia is produced as fast and
economically as possible by using a suitable
temperature, pressure and catalyst* (see
below). The reaction is exothermic* and
reversible*.

6Lis) + Nyg — 2Li;Nes)
Lithium Nitrogen Lithium
nitride-

- Iron catalyst*
Nx(@ + 3Hx®) = 2NHy«(@

Nitrogen Hydrogen 400°C Ammonia
250 atmospheres

Nitrogen is essential for all organisms as it
is found in molecules in living cells, e.g.
proteins (see also nitrogen cycle, page 209). It
is used in the manufacture of ammonia
{(see Haber process, right) and
nitric acid. Liquid nitrogen,
which exists below —-196°C,
has many uses, including
freezing food.

Packages of chips are filled with
nitrogen gas to keep them fresh
longer (when air is left in the
package, the chips go stale). The
gas in the package also cushions
the chips against damage during
transportation.

(Under these conditions 15% of the
reactants combine to form ammonia

Haber process

Gases Gases
Hyd,
yerogen compressed
l Uncombined
- Nitrogen
recirculate.
Gase Reaction
Liquid Gases cooled chamber
amimonla — nd — containing
tapped off. condensed.  gas E&t&ly:t*
t compounds, 132; Di 124; Electron configuration

* Allotropes, 136 (Allotropy); Alloy, 344; Catalyst, 161; C

Exothermic reaction, 146; Fractional distillation of liquid air, 183; lonic compound, 131; Outer shell, 127;
Oxidation state, 149; Periodic table, 164; Relative atomic mass, 138; Reversible reaction, 162; Semiconductor, 65.









GROUP VI ELEMENTS

The elements in Group VI of the periodic table* show increasing metallic
properties and decreasing chemical reactivity going down the group. The
chart below shows some of the properties of these elements.

INORGANIC CHEMISTRY

Some properties of Group VI elements
Name of | Chemical | Relative atomic Electron Reaciivit A U
element | symbol mass* configuration* eaciivily ppearance ses
Colortess gas
Oxygen [o] 15.99 2.6 IE (see below) See below.
Yellow, non-metatiic
fi c :
Suifur S 32.06 28.6 o solid (see page 184) See page 184.
" E Several forms, metaiic
el d *
Selenium | Se 7896 Complex A and non-metalic In photocells
- Telluti configuration | S Siver-white metalloid* | In alloys*, calored
WTellurlum fe 127.60 but still six outer h‘l solid glasss, semiconductors*
N " electrons
| Polonium | Po Radioactive* G Metat
element /\
More information on oxygen,

. The atoms of all the elements in Group VI have six electrons in their outer shell*.
sulfur and their compounds tan They need two electrons to fill their outer shell (see octet, page 127) and react
be found below and on pages with other substances to form both fenic and covalent compounds*. The
184-185 They are found wid ely elements with the smallest atoms are most reactive as the atoms produce the

i most powerful attraction for the two electrons.
and have many uses.

Oxygen (O,)

A colorless, odorless; diatomic* gas that
makes up 21% of the atmosphere. It is the
most abundant element in the Earth’s crust
and is vital for life (see internal respiration,
page 209). It supports combustion, dissolves
in water to form a neutral* solution and is
a very reactive oxidizing agent*, e.g. it
oxidizes iron to iron(lil) oxide. Plants
produce oxygen by photosynthesis* and

it is obtained industrially by fractional
distillation of liquid air. It has many uses,
e.g. in hospitals and to break down sewage.
See preparation of, and test for, oxygen, on
pages 217 and 218.

Fractional distillation of liquid air (see also page 220)

o oe LI, L,

Water and
removed.

carbon

dioxide are
removed.

Air cooled against very

cold outgoing gases.

Air is
compressed.

Air passes into the fractionating
column and liquefies. Here three of
s — the gases in air are separated by

t f

causing 1 to their boiling points. Nobie gases*

Air allowed
to expand

coof further are then refined from these.

Ozone (O,)

A poisonous, bluish gas- made of molecules
which contain three oxygen atoms. It is an
allotrope* of oxygen found in the upper
atmosphere where it absorbs most of the Sun’s
harmful ultraviolet radiation (but see ozone
depletion, page 210). It is produced when
electrical sparks pass through air, e.g. when
lightning occurs. Ozone is a powerful oxidizing
agent* and is sometimes used to sterilize water.

Surr radiatior

Earth
The ozone layer absorbs a lot of

the Sun’s:ultraviolet radiation.

Oxides

Compounds of oxygen and one other

element. Metal oxides are mostly ionic

compounds* and bases*, e.g. calcium oxide

(Ca0). Some metal and metalloid* oxides are
amphoteric*, e.g. aluminum oxide (Al,O,).

Non-metal oxides are covalent* and often I
acidic*, e.g. carbon dioxide (CO,). lI

|
* Acidic, 150; Allotropes, 136; Alloy, 344; Amphoteric, Base, 151; Covalent compounds, 132; Diatomic, 124; Electron

configuration, 127; lonic compound, 131; Metalloids, 165; Neutral, 151; Noble gases, 189; Outer shell, 127; Oxidizing agent, 148;

Periodic table, 164; Photocell, 345; Photosynthesis, 254; Radioactivity, 128; Relative atomic mass, 138; Semiconductor, 65.









GROUP VII, THE HALOGENS

The elements in Group VII of the periodic table* are called the halogens,
and their compounds and ions are generally known as halides. Group VII
members are all non-metals and their reactivity decreases going down the
group — the chart below shows some of their properties. For further
“information on group members, see below and pages 187-188. The power
of Group VII elements as oxidizing agents* decreases down the group. They
can all oxidize the ions of any members below them in the group. For
example, chlorine displaces both bromide and iodide anions* from solution
by oxidizing them to bromine and iodine molecules respectively. Bromine
only displaces iodide anions from solution, and iodine cannot displace any

halide anions from solution.

2KI(aq) + Br() — 2KBr(aqg) + Ix(s)

dicle

Bromine displaces i * from potassium iodide. Each
iodide anion loses an electron (is oxidized*) when it is displaced
by a bromide anion*. '

Some propetties of Group VIl elements

::::1:,3' g,t::;,n;fm ﬁ?;g;i:’ @ afomic E:I::ffigaainn N g;(:s ;zring ’ Reactivity Appearance
Fluorine F 18.99 27 E E Zglse yellow-green
Chlorine Cl 35.45 287 CR: IC?: gz!se green-yellow
Bromine Br 7991 28,187 i i ifétril;red fuming
lodine I 12690 2,8,18,18,7 i i 2;’;&‘;5;?; .
Astafine At ggmsfgse A g g )

/

The atoms of all the elements in Group VII contain seven
electrons in their outer shell* and they all react to form both
ionic and covalent compounds*. The elements at the top of
the group form more ionic compounds than those further
down the group.

Fluorine is never used in school laboratories as it is very
poisonous and attacks glass containers. Chlorine, bromine
and iodine do not react with glass, but chlorine is very
poisonous, and so are the gases given off by the other two.

Fluorine (F,)

A member of Group VI of the periodic table.
[t is a diatomic* gas, extracted from fluorospar
(CaF,) and cryolite (Na,AlF). It is the most
reactive member of the group and is a very
powerful oxidizing agent*. It reacts with
almost all elements. See pictures for

Y, some examples of its uses.

Fluorine reacts to form useful, stable organic

compounds®, called fluorocarbons, e.g.
poly(tetrafiuoroethene), or PTFE (see

U also page 195). Skis are coated with

X PTFE to reduce friction.

*Bromide anion, 188 (Bromides); Coval comp

ds, 132; Diatomic,124;
Electron configuration, 127; lodide anion, 188 (lodides); lonic compound, 131; Isotope, 127;
Organic compounds, 190; Outer shell, 127; Oxidation, Oxidizing agent, 148; Periodic table, 164; Relative atomic mass

_Pans are coated with

PTFE because it stops
food from sticking.

- Some fluorides (inorgms
compounds of fluorine,
added to toothpastes,
in some countries to
water, to reduce tooth






Halogens (continued)

Bromine (Br,)

A member of Group VI of the

periodic table* (the halogens —
see chart, page 186). It is a
volatile*, diatomic* liquid that gives off a
poisonous, choking vapor. It is very reactive
and only occurs naturally in compounds, e.g.
those found in marine organisms, rocks, sea
water and some inland lakes. It is extracted
from sodium bromide (NaBr) in sea water by
adding chlorine. Bromine is a strong oxidizing
agent*. It reacts with most elements to form
bromides, and dissolves slightly in water to
give an orange solution of bromine water.
Bromine compounds are used in medicine,
photography, and disinfectants. It is used to
make 1,2-dibromoethane (CH,BrCH,Br)
which is added to gasoline to stop lead from
accumulating in engines.

Bromides

Compounds of bromine and one other element.
Bromides of non-metals are covalent
compounds* (see hydrogen bromide). Bromides
of metals are usually ionic compounds* made.
of bromide anions* (Br) and metal cations*.
Excepting silver bromide (AgBr), they are all
water-soluble. See also page 218.

Silver bromide is used in photographic film. When exposed to
light it decomposes to form silver.

Sliver bromide crystal

Film  Lens

Before
exposure
to flight

In areas of the film exposed to light
the silver bromide decomposes to
form silver which appears black.

In areas of the film not exposed to

After exposure to light light the silver bromide is unaffected.

Hydrogen bromide (HBY)

A colorless, pungent-smelling gas, made by the
reaction of bromine with hydrogen. lts
chemical properties are similar to those of
hydrochloric acid.

Photographic film is coated with silver bromide which
reacts with light to form a negative picture.

lodine (I,)
A member of Group VII of the periodic table*
(the halogens — see chart, page 186): A
reactive, diatomic*, crystalline solid. It is
extracted from sodium iodate (NalO,) and
seaweed. It is an oxidizing agent* and reacts
with many elements to form iodides. When
heated, it sublimes*, giving off a purple
vapor. lodine is only slightly soluble in pure
water, however, it dissolves well in potassium
iodide (KI) solution and also in some
organic solvents.

The main food sources of iodine are sea food, cod liver oil, fruit
and vegetables. Some table salt has iodine
added to it. Lack of iodine in the
diet means that the thyroid gland
cannot produce enough
thyroxin* hormone. __.
Thyroxin is 7
needed to
regulate body
metabolism.
People with a thyroxin
deficiency suffer from goitre.

— Seaweed contains up
to 0.5% iodine (by
weight).

Tincture of iodine (iodine
dissolved in ethanol) is used
as an antiseptic for cuts.

lodides

Compounds of iodine and one other element.
lodides of non-metals are covalent compounds*
(see hydrogen iodide). [odides of metals are
usually ionic*, made of iodide anions* (I") and
metal cations*. Except silver iodide (AgI), ionic
jodides are water-soluble. See page 218.

Hydrogen iodide (HI)

A colorless gas with a pungent smell. It is a
covalent compound*, formed when hydrogen
and iodine react. It dissolves in water to give
a strongly acidic* solution called hydroiodic
acid (its chemical properties are similar to
those of hydrochloric acid).

* Acidic, 150; Anion, Cation, 130; Covalent compounds, 132; Diatomic, 124; lonic compound, 131;
.Periodic table, 164; Oxidizing agent, 148; Sublimation, 121; Thyroxin, 336; Volatile, 345.







ORGANIC CHEMISTRY

Originally organic chemistry was the study of chemicals
found in living organisms. However, it now refers to the
study of all carbon-containing compounds, except the &
carbonates* and the oxides* of carbon. There are well |
over two million such compounds (organic compounds), ~
more than all the other chemical compounds added
together. This vast number of covalent compounds*
is possible because carbon atoms can bond with

each other to make a huge variety of chains and rings.

Aliphatic compounds

Organic compounds whose molecules
contain a main chain of carbon atoms. The
chain may be straight, branched or even in
ring form (though never a benzene ring — see
aromatic compounds).

Branched chain of carbon atoms in a 3-methyl pentane molecule.
In a branched chain, a carbon atom may be bonded to more than
two other carbon atoms.

Main chain — th

e Side chain —a
longest continuous shorter chain of
chain of carbon carbon atoms coming

atoms in the off the main chain.
molecule.

L EEERY

@&&Jd

Straight chain of carbon atoms in a butan-1-ol molecule.

No carbon atom is bonded to more than two other carbons.

J@ﬁ@

Cyclohexane molecule. An example of a molecule containing a
ring of carbon atoms.

Some organic compounds
are used to make paints.

Aromatic compounds

Organic compounds whose molecules contain
a benzene ring. A benzene ring has six carbon
atoms but differs from an aliphatic ring
because bonds between carbon atoms are
neither single nor double bonds* but midway
between, both in length and reactivity.

There are two possible ways of representing
a benzene ring.

The bonds linking the carbon atoms are midway between single and
double bonds* because some electrons are free to move around
the molecule.

Hydrocarbons
Organic compounds that contain only carbon

and hydrogen atoms. )
H

Two examples of hydrocarbon molecules:

Ethene ‘5 Methane

Functional group

An atom or group of atoms that gives a
molecule most of its chemical properties.
Organic molecules can have several such
groups (see also pages 194-195).

Most functional groups contain at least one atom that is not
carbon or hydrogen.

Ethanol molecule

Functional group of
alcohols *, called a
hydroxyl group (—OH)

Ethene molecule

Two carbon atoms joined by
a double or triple bond*
are also functional groups.

* Alcohols, 196; Carbonates, 179; Covalent compounds, Double bond, 132;

Oxides, 183; Single bond, Triple bond, 132,
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ALKANES

Alkanes, or paraffins, are all saturated* <
hydrocarbons* and aliphatic compounds*. They form

a homologous series* which has a general formula* of
C.H,,.,. As the molecules in the series increase in size, so

the physical properties of the compounds change (see chart
below). Alkanes are non-polar molecules*. They burn in air to
form carbon dioxide and water, and react with halogens*,
otherwise they are unreactive. Excepting methane, they
are obtained from petroleum*. They are used as fuels
and to make other organic substances, e.g. plastics.

The alkane
propane is used as
a fuel to heat the
in hot air balloons.

Some properties of alkanes

Name of Molecular Structural formula* Physical state Boiling point
compound formula* at 25°C °C)
Methane CH, CH, Gas -161.5 .
C,H, CH,CH;, Gas -88.0
CiHe CH;CH,CH; Gas A2
&gél{,;, CH,CH,CH,CH, Gas -0.5
CHy ) maCHza‘lgCﬁ& Lguid v 360
CeHyg _ j\ ~%%¢Hm2%w3 2 Hauid 590

/

Gradual change of
state as molecules

The boiling points of the alkanes increase
regulfarly as the molecules get longer.

The next molecule in the
series is always one

The first part of the name indicates
the number of carbon atoms in the

molecule. The -ane ending means — CH,— group fonger. get longer. Melting points and densities follow the

the molecule is an alkane (see same trend, getting higher as the

page 214). molecules increase in size.
Methane (CH,) Cycloalkanes

The simplest alkane. It is a colorless, odorless,
inflammable gas, which reacts with halogens*
(see equation, below right) and is a source of

hydrogen. Natural gas contains 99% methane.

Ethane (C,H,)

A member of-the alkanes. A gas found in

small amounts in natural gas (see methane),

but mostly obtained from petroleum*. Its

properties are similar to those of methane. It
is used to make other organic chemicals.

Propane (C;H,)

A member of the alkanes. A gas that is

usually obtained from petroleum*.
Its properties are similar to

ethane. [t is bottled and sold as

fuel for cooking and heating.

Alkanes are extracted from petroleum* and
natural gas found deep under the ground.

Alkane molecules whose carbon atoms are
joined in a ring, e.g. cyclohexane (see picture,
page 190). Their properties are similar to
those of other alkanes.

Substitution reaction

A reaction in which an atom or functional
group* of a molecule is replaced by a
different atom or functional group. The
molecules of saturated compounds*, e.g.
alkanes, can undergo substitution reactions,
but not addition reactions (see right).

Alk react with halogens* by undergoing a
substitution reaction. Here is an example:

A chlorine atom is substituted
. for the hydrogen atom.
H3 |

Hydrogen
chloride

Methane

Chlorine Chloromethane

* Aliphatic compounds, 190; Functional group, 190; General formula, 191 (Homologous series);
Halogens, 186; Hydrocarbons, 190; Molecular formula, 140; Non-polar molecule, 133 (Polar molecule,
Petroleum, 198; Saturated compounds, 191; Structural formula (shortened), 140.




ORGANIC CHEMISTRY

ALKENES

Alkenes, or olefins, are unsaturated* hydrocarbons* and aliphatic
compounds*. Alkene molecules contain one or more double bonds*
between carbon atoms. Those with only one form a homologous series*

with the general formula* C,H,,. As the molecules increase in size, their
physical properties change gradually (see below). Alkenes are non-polar
molecules*. They burn with a smoky flame and in excess oxygen are
completely oxidized* to carbon dioxide and water. Alkenes are more
reactive than alkanes, because of their double bond — they undergo addition
reactions, and some form polymers*. Alkenes are made by cracking* alkanes
and are used to make many products including plastics and antifreeze.

Some properties of alkenes

Name of Molecular Structural formula* Physical state Boiling point
compound formula* at 25°C O

Ethene CH, CH,=CH, Gas ~104.0
Propene C3Hg CH;CH=CH, Gas _47.0
But-1-ene CHg CH,CH,CH=CH, Gas -6.0
pent-1-ene A Celio A_CHSCH,CH,CH=CH, A Ligud 300

/ AN

Gradual change from As the molecules get longer, the boiling
gases to liquids to points of the alkenes increase regularly.
solids as the Melting points and densities follow the
molecules get longer. same trend.

/)

The number denotes the position
of the double bond* in the
molecule. Alkenes are named in
the same way as alkanes, but end

Each molecule is one
—CH,~ group fonger. The
position of the double
bond* is shown.

in -ene, not -ane (see page 214).

Ethene (C,H,) or ethylene

The simplest alkene (see chart above) — it is a
colorless, sweet-smelling gas which undergoes
addition reactions including addition
polymerization* to form poly(ethene), commonly
known as polythene, (see homopolymer, page
200). Ethene is used to make plastics, and also
ethanol and many other organic chemicals.

Propene (C;H,) or propylene
A member of the alkenes. It is a colorless gas
used to make propanone (also known as
acetone — see ketones, page 194) and
poly(propene), also called polypropylene

Some kitchen tools are made from
poly(propene), the polymer*
of propene.

Addition reaction

A reaction in which two molecules react
together to produce a single larger molecule.
One of the molecules must be unsaturated*
(have a double or triple bond*).

Colorless
solution

Addition reaction  Two bromine
atoms added
to original
ethene

molecule.

Brown
solution

Bromine
dissolved in
Ethene tetrachloromethane 1,2-dibromoethane
The change of color is used as a test for unsaturated
compounds* like alkenes.

Hydrogenation

An addition reaction in which hydrogen
atoms are added to an unsaturated
compound* molecule.

Saturated’_, % - H%
compound*

This type of reaction is used in the
margarine industry to harden
animal and vegetable oils. (These
oils are unsaturated compounds”*,
but not alkenes).

Unsaturated

* Addition polymerization, 200; Aliphatic compounds, 190; Cracking, 198; Double bond, 132; General formula, 191 (Homologous
series); Hydrocarbons, 191; Molecular formula, 140; Non-polar molecule, 133 (Polar molecule); Oxidation, 148; Polymers, 200;
Saturated compounds, 191; Structural formula (shortened), 140; Triple bond, 132; Unsaturated compounds, 191.
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ALKYNES

Alkynes, or acetylenes, are

_unsaturated* (each molecule has a

carbon-carbon triple bond*) and
aliphatic compounds*. They are
hydrocarbons* and form a
homologous series* with a general
formula* C H,, ,. Alkynes are
named in the same way as alkanes*,
but end in -yne, not -ane (see page
214). They are non-polar molecules*
with chemical properties similar to
alkenes*. They burn with a sooty
flame in air, and a very hot flame in
pure oxygen. Alkynes are produced
by cracking*. They are used to make
plastics and solvents.

Structural formulae * of some alkynes
‘Name of Structural
compound formula*

Ethyne CH=CH

Propyne CH,C =CH
But-1-yne CHCH,C=CH

Ethyne (C,H,) or acetylene

The simplest member of the alkynes. A~

colorless gas, less dense than air and with

a slightly sweet smell. It is the only common

alkyne. Ethyne undergoes the same reactions

as the other alkynes but more vigorously, e.g.

it reacts explosively with chlorine. It is used in

oxy-acelylene welding torches as it burns with

a very hot flame. Ethyne is made by cracking*
and is used to make polyvinyl chloride
(PV(C) and other vinyl compounds.

Molecule —
of ethyne

PVC juggling equipment

More homologous series

The following groups of organic
compounds each form a homologous
series* of aliphatic compounds*.
Each series has a particular
functional group* and its members
have similar chemical properties.

Aldehydes

Compounds that contain a —-CHO functional

. group*. They form a homologous series* with

a general formula* C H,,,,CHO, and are
named like alkanes* but end in -al, not -ane
(see page 215). They are colorless liquids
(except methanal) and reducing agents*,
and undergo addition*, condensation* and

“ polymerization reactions*. When oxndlzed*

they form carboxylic acids.

~, —CHO functional
group*

[ . |

Molecule of methanal (HCHO)
or formaldehyde, the simplest
aldehyde. It is a colorless,
poisonous gas with a strong
smell. it dissolves in water to
make formalin - used to
preserve biological specimens. It

- is also used to make polymers*
and adhesives.

Ketones
Compounds that contain a carbonyl group

(a —=CO- functional group*). Ketones form a
homologous series* with a complex general
formula*. They are named like alkanes* but
end in -one, not just -e. Most are colorless
liquids. They have chemical properties similar
to aldehydes but are not reducing agents*.

Molecule of
propanone &
(CH;COCH,) =B
oracetone, <\
the simplest  *

ketone

Acrylic § .
paint -

Carbonyl group (—CO-)

Propanone is a colorless liquid that
mixes with water. It is used to make
acrylic, and as an organic solvent,
e.g. as nail polish remover.

* Addition reaction, 193; Aliphatic compounds, 190; Alkanes, 192; Alkenes, 193; Condensation reaction, 197; Cracking, 198

Functional group, 190; General formula, 191 (Homologous series); Hydrocarbons, 190; Non-polar molecule, 133; Oxidation

Polymerization, Polymers, 200; Reducing agent, 148; Structural formula, 140; Triple bond, 132; Unsaturated compounds, 191.
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ALCOHOLS

Alcohols are organic compounds that contain one or more hydroxyl groups
(-~ OH functional groups*) in each molecule. The alcohols shown below in
the chart are all members of a homologous series* of alcohols which are
aliphatic compounds* with the general formula* C,H,,,,OH. As the
molecules in the series increase in size, their physical properties change
steadily. Some of the trends are shown in the chart below. As a result of their
hydroxyl groups, alcohol molecules are polar*, and have hydrogen bonds*.
Short-chain alcohols mix completely with water, but long-chain alcohols do
not as their molecules have more —CH,~ groups, making them less polar.
Alcohols do not ionize* in water and are neutral*. They burn, giving

off carbon dioxide and water.

Some properties of alcohols

Name of Structural formula* Physical state Boiling point

compound at 25°C O

Methanol CH,OH Liquid 65.6

Ethanol CH,CH,OH Liquid 78.5

Propan-1-of CH,CH,CH,OH Liquid 97.2

Butan-1-ol 4 CH,CH,CH,CH,OH A Lgquid A 1175 ) 7§
Alcohols are named in the same way as The next member of the The members Boiling points of alcohols increase as the
alkanes*, but end in -ol. The number in series (going down) is gradually change molecules get longer. They have high
the name telis you which carbon atom always a —CH,— group to solids as the boiling points in relation to their relative
the hydroxyl group is attached to (see longer than the last. molecules get molecular mass*, due to hydrogen
opposite and page 214-213). longer. bonding*.

Alcohols react with sodium:

2CH,CH,OH + 2Na — 2CH,CH,ONa + H,
Ethanol Sodium Sodium

ethoxide

Hydrogen

Alcohols react with phosphorus halides to
give halogenoalkanes (see page 195), and
with carboxylic acids* to give esters (see

tondensation reaction and page 195).

Primary alcohols are oxidized* first to
aldehydes* and then to carboxylic acids*.

Acidified potassium permanganate catalyst*
CH,CH,CH,0H — CH,;CH,CHO — CH,CH,COOH
Propanoic acid

Propan-1-ol Propanal

Secondary alcohols are oxidized* to ketones
(see page 194).

Acidified potassium permanganate catalyst*
CH,CHOHCH, — CH,COCH;

Propan-2-ol Propanone

Ethanol (CH,CH,OH, often written
C,H;OH)

Also called ethyl alcohol, or alcohol. An
alcohol which is a slightly sweet-smelling
water-soluble liquid with a relatively high
boiling point. It burns with an

“almost colorless flame and is

made by ethene reacting
with steam. It is also
produced by

alcoholic

fermentation.

Ethanol is used as

a solvent and in
methylated spirits. It
has many more uses
including perfumes,
paints, dyes, varnishes
and alcoholic drinks.

* Aldehydes, 194; Aliphatic compounds, 190; Alkanes, 192; Carboxylic acids, 195; Catalyst, 161; Functional group, 190;
General formula, 191 (Homologous series); Hydrogen bond; 134; lonization, 130; Neutral, 151; Oxidation, 148;
_ Polar molecule, 133; Relative molecular mass, 138; Structural formula (shortened), 140.






pressure. Itisa mrxture of alf(anes* Wh;chivérry; g;eaﬁy;m size
Many usefui products are formed by refining petroleum. -

Refimng S [ Primary distillation -

A set of processes which convert petroleum to- more- _Bubble caps. Smafl o
useful products. Refining consists of three main processes  domes which deflect the ?g;fxgﬂ;" g
— primary distillation, cracking and reforming. ngqﬁ";”(‘;ﬁ"t;’:"w” into coflected at top:
R PR . B tra'y.; They. g'mpmyerthe,; Fractioniting
Primary distillation or fractional distillation efficiency of the pracess. . cofumn
of petroleum

A process-used: to separate petroleum into-fractions,

according to their boiling points (see also page 220).

Afractionating column (see diagram) is kept very hot n

at the bottom, but it gets cooler towards the top. Boiled '

petroleum passes into the eolumn {osing

heat as  rises. When a fraction reaches a tray at a 7Y

temperature just below its own boiling point, it . n m
condenses-onto the tray. It is then drawn off-along pipes.

Fractions are distilled better separations.

“Fraction

mixture of liquids with similar boiling points, obtained
from primary distillation. Light fractions have low
o boiling points and short hydrocarbon* chairs. Heavy
fractions have higher boiling points and longer chains.

Cracking

A reaction which breaks large alkanes* into smaller

alkanes and alkenes*. The smaller alkanes are used as

gasoline. Cracking oceurs at high temperatures; or with
- a catalyst* (catalytic cracking or “cat cracking”).

CHy — CH,, + CH,
Alkane Alkane Alkene
(Nonane) (Heptane) (Ethene*)

Reforming

A process which produces gasoline from lighter B s o
fractions by breaking up straight chain*

alkanes* and reassembling them as branched

chain* molecules.

Petroleumn ——————p Heavy fractions
(most viscous) -
Furnace heats ———— I —— collected at
petroleum to 350°C bottom.

1 98 * Alkanes, 192; Alkenes, 193; Branched chain, 190; Catalyst, 161; Ethene, 193;
Hydrocarbons, 190; Natural gas, 192 (Methane); Straight chain, 190.



Gasoline

Kerosene or paraffin

Aliguid fraction obtained from
primary distillation. Kerosene consists
of alkanes* with about 9-15 carbon
atoms in their molecules. It has a
boiling point range of 150-250°C.

e o st o

Diesel oil or gas oil

A liquid fraction obtained from
primary distillation. It consists of
alkanes* with about 12-25 or more
carbon atoms in-their molecules. it has
a boiling of 250°C and above.

Residue

The oil left after primary
distillation. It consists of
hydrocarbons* of very high relative
molecular masses*, their molecules
containing up to 40 carbon atoms.
Its boiling point is greater than
350°C. Some is used as fuel oil,
which is used to heat homes and
commercial buildings, as well as

to generate electricity. The rest is
re-distilled to form the substances
on the right.

Chemical feedstocks ,
Fractions of petroleum which are used
in the production of organic
chemicals. These fractions are
mainly refinery gas and naptha,
a part of the gasoline fraction.

Chemical feedstocks are
used to make paint.

Octane rating

A measure of how well
gasoline burns, measured on
a scale of 0 to 100. It can be
increased by using an anti-
knock agent such as methyl-
tertiary-butyl-ether (C;H,,0).

Gasoline used in cars has
an octane rating of over
90. It consists mainly of
branched chain* alkanes”.

Kerosene is used %
as a fuei* in jet
engines and
domestic heaters.

Diesel oil is used
as a fuei* in
diesel engines. pe

Lubricating oil

A mixture of non-volatile* liquids
obtained from the distillation of residue
in a vacuum.

Hydrocarbon waxes or paraffin waxes
Soft solids which are separated from
lubricating oil after the distillation of

residue in a vacuum. Candles and polish

Bitumen or asphalt

A liquid left after the distillation of
residue under vacuum. ltis a tarry,
black semi-solid at room temperature.

Road surfaces
and roofing

_ BiiEe

*Alkanes, 192; Branched chain, 190; Fuel, 208; Hydrocarbons, 190;
Methane, 192; Relative molecular mass, 138; Volatile, 345.






Natural polymers or biopolymers
Polymers that occur naturally, e.g. starch and
rubber. Starch is made from monomers of
glucose*. For a picture of the starch polymer,
see starch, page 204.

Part of a rubber polymer

CH;_ H

e
/C=C\
CH,

CH, CH, H,C
- AN C= C/
Ve N

CH, H

CH,
cH, c=

N 7

e ~

CH, H

Rubber is extracted from latex* tapped from the rubber tree. It is
then vulcanized* to produce the rubber used in tires, hoses, efc.

Synthetic or man-made polymers
Polymers prepared in the laboratory or in
industry (not natural polymers), e.g. nylons.

Plastics
Synthetic polymers that are easily molded. They
are made from chemicals derived from
petroleum* and are usually durable, light solids
which are thermal and electrical insulators.
They are often not biodegradable* and give
off poisonous fumes when burned. There are
two types of plastic — thermoplastics which
soften or melt on heating (e.g. polythene), and
thermosetting plastics which harden upon
heating and do not remelt (e.g. plastic
used in worktops).

Polyesters
Copolymers, formed by the
condensation polymerization of diol*
and dicarboxylic acid* monomers.
The monomers are linked by
—COO- functional groups*, as
found in esters*.

Yachts have sails made of polyesters.
Some polyesters are produced as
fibers which are used in clothing

and furnishing materials.

Nylons

A family of polyamides. They are strong,
hard-wearing polymers which stretch but

do not absorb water or rot. They are used

in fabrics, often mixed with other fibers. See
condensation polymerization for the equation
for the manufacture of nylon 66.

*Biodegradable, 210; Carboxyl group, 195 (Carboxylic acids); Diamines, 195;
Dicarboxylic acids, 195; Diols, 197 (Polyhydric alcohols); Esters, 195; Ethene, 193;

ORGANIC CHEMISTRY

Polyamides
Copolymers formed by the condensation
polymerization of a dicarboxylic acid*
monomer with a diamine* monomer,
e.g. nylons.

Polystyrene or
poly(phenylethene)
A homopolymer :
formed by the addition
polymerization of
styrene (phenylethene).

Polystyrene is used to make disposable
knives, forks and cups. Air-expanded sheets of
polystyrene are used in packaging and insulation.

Polythene

Also called poly(ethene) or poly(ethylene).

A homopolymer formed by the addition
polymerization of ethene* (see homopolymer,
page 200). Polythene is produced in two forms
(depending on the method used) — a soft material
of low density, and a hard, more rigid, material of
high density. Polythene has a relative molecular
mass* of between 10,000 and 40,000 and is used
to make many things, e.g. polythene bags (soft
type), bowls used for washing (harder type).

Acrylic

Also called poly(methylmethacrylate) or
poly((1-methoxycarbonyl)-1-methylethene). A
homopolymer formed by addition polymerization.
It is often used as a glass substitute.

Methyl Acrylic is
methacrylate, used to make
the acrylic monomer outdoor signs.
H._ __CH,4
=C
-
H ~COOCH,

A PVC covering makes
this underwater video
camera waterproof.

Polyvinyl chloride (PVC)
or poly(chloroethene)

A hard-wearing homopolymer
used to make many things,
e.g. bottles and gloves.
(See also addition
polymerization
picture, page
200).

Functional group, 190; Glucose, 204; Latex, 345; Petroleum, 198; Relative molecular mass, 138; Vulcanization, 345.
















WATER

Water (H,O) is the most important .

compound on Earth. It is found on Atmospheric

the surface and in the atmosphere, water

and is present in animals and plants. e

Vast an?ounts of water are useg every Humidity -
. L The amount of water vapor ™~

day in the home and in industry, €.8. | i, the air. It depends on the

for manufacturing processes and the temperature and is higher ~ Over 70% of
the Earth’s surface

cooling of chemical plants. Water (up to 4% of the air) in is covered with
normally contains some dissolved warm air than cold air. water
gases, salts* and pollutants*. See .
also page 167 Hygroscopic

pag : 8" Describes a substance which can absorb
A molecule of water contains one oxygen atom up to 70% of its own mass of water
and two hydrogen atoms, 5 vapor. Such a substance becomes damp,

but does not dissolve. Sodium chloride is

A water molecule is a polar molecule*, which X
an example of a hygroscopic substance.

makes water a good polar solvent*.

lce Deliquescent
The solid form. of*water. It has a Describes a substance which absorbs
molecular lattice* in which the water vapor from the air and dissolves in

molecules are further apart than it, forming a concentrated* solution.
in water. This is caused by

hydrogen bonds* and means that

H H Cube of ice - —_
ice is less dense than wat(—*j‘r, and the sofd form

that water expands when it freezes. of water
Calcium chloride left open to the air absorbs water vapor and

forms a concentrated” solution.

Water cycle
The constant circulation of water through the

air, rivers and sea Efflorescent A white powder forms
s. . -
! Describes a crystal gr”y S‘;J‘Z”’” carbonate
Rainwater is relatively pure, but does contain some dissolved gases, which loses part ’
e.g. carbon dioxide and sulfur dioxide (which produces acid rain*). .
p of its water of
{ \ Rainwater runs off into Water vapor crystallization* to the
(’ MY rivers and flows back condenses” to ir A d .
/ TN . to the sea. form clouds. air. powaery coating
h . . .
<. , is left on its surface.
Water vapor Waste water from houses Combustion and
is cleaned in sewage works. resplration*
River water is hard T e Evaporation*

' water if it contains certain salts”*. Sea water contains about
" 4% dissolved salts*.

Transpiration® (water. -
B gvaporating from plants) o

ice ‘on mountain
tops meit. )

e
Water

from reservoirs is

cleaned at waterworks.

RosorvaiF =

Storage reservoir

* Acid rain, 210; Concentrated, 144; Condensation, Evaporation, 121; Hydrogen bond, 134; Molecular lattice, 137; Polar
molecule, 133; Polar solvent, 144; Pollutants, 210; Respiration, 298; Salts, 153; Transpiration, 252; Water of crystallization, 135.















Metal Symbol | Reaction
with air

Potassium K Burm strongly
to form
axides,

Sodium Na

Calcium Ca

Magnesium | Mg

AR ro Do nat burn
when heated,
but form an
oxide layer

Copper Cu on surface,

Silver Ag No reaction

No reaction

No reaction

ease dowrn
the series.
Carbon
dioxide is
formed,

Oide
reduced” to
metal with
increasing
ease down the
serfes. Water
is formed.

Ph
Cu
Decomposes to form metal and oxygen
only. and carbon and nitrogen Ag
dioxide. dipxide,




























INVESTIGATING SUBSTANCES

The investigation of chemical substances involves a variety of different
techniques. The first step is often to obtain a pure sample of a substance

(impukltles affect e

al results). Some of the separating and purifying

techniques used to achieve this are expiamed on these two pages. A variety
of different methods are then used to find out the chemical composition and
the chemical and physical properties of the substance (qualitative analysis),
and how much of it is present (quantitative analysis). For more information,

see also pages 218-219 and 222.

Decanting

The process of
separating a'liquid
from a solid that has
settled, by pouring
the liquid carefully
out of the container.

Filtering

The process of separating a liquid and a solid by pouring the
mixture through a fine mesh. The mesh (usually filter paper)
only lets liquid through.

Filtering through a
Buchner funnel is the
Filter paper faster method, as the low
— Filter funnel pressure in the flask sucks
Liquid and the liquid rapidly through
solid mixed the filter paper.

Two methods of filtering

|

g Filter paper
Buchner funnel

Filtrate (the

= i
liguid only) Suction, caused

by vacuum,

— Buchner flask

Distillation

The process of separating a mixture of liquids, or a liquid from
an impurity, by heating. The vapor of the fiquid with the lowest
boiling point comes off first and is condensed back to a liquid in
a Liebig condenser (see picture below).

—— Thermometer to measure temperature, so it can
7 be maintained for each successive boiling point.

Water out

Liebig condenser

f

Cold
water in 3

Distillate (liquid
Heat removed by distiflation)

Centrifuging

The process of separating different substances mixed in a liquid
by spinning the test tube cantaining the liquid at high speed in
a centrifuge (see picture below). Particles of different masses
collect at different places in the test tube, the heaviest substance
coflecting at the bottom.

Lid (always shut After
when centrifuging) spinning
Sample
before
spinning
(mixture
af a solid
and a
liquid) Liquid. This
: is decanted
Balancing tuble afways to separate
needed. Contains about the it from the

same amount of substance. solid.

Fractional distillation

A distillation process which separates two or more liquids with
close boiling points, using a fractionating column. The vapor
of the liquid with the lowest boiling point reaches the tap of the
column first. Small columns are used in laboratories (see picture
below). Other columns are much larger and have many points
at which different vapors are condensed and collected (see also
pages 183 and 198).

— Thermometer to measure
emperature (see above)

V| Fractionating

column Water out

Liebig condenser
(see above)

Constant

=5 condensation

anta glass beads and

7 re- evaporation from them
means great accuracy in 7
collecting one substance Cold

\ before the other. water in

Round-bottomed flask |
Mixture of liquids with

First liguid to come
off has lowest
boiling point.
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called ecology.

Biosphere ' o

The layer of the Earth (including the’
oceans and the atmosphere) which
is inhabited by living things. The
hiosphere’s boundaries are the upper
atmosphere (above) and the first
layers of uninhabited rock (below).

Biomes

The main ecological regions into which the
Jand surface can be divided. Each has its own
characteristic seasons, day length, rainfall

| pattern and maximum and minimum

' temperatures. The major biomes {see map, above
right) are tundra, coniferous forest, deciduous
forest, tropical forest, temperate grassland,
savanna (tropical grassland) and desert. Most

e . . .
'@\ are named after the dominant vegetation,
@ﬁ since this determines all other living things

found there. Each biome is a giant habitat

.. (macrohabitat). Human activity, e.g.

. deforestation in tropical forests, has begun
to have harmful effects on the habitats
~which exist within many biomes.

Deforestation is a threat to huge
areas of tropical rainforest, and

the plants and animals

. that live there.

LIVING THINGS AND
THEIR ENVIRONMENT

The world can be divided into a number of different
regions, each with its own characteristic plants and
animals. All the plants and animals have become
adapted to their own surroundings, or environment (see
adaptive radiation, page 237), and their lives are linked in a
complex web of interdependence. The environment is influenced by
many different factors, e.g. temperature, water and light (climatic
factors), the physical and chemical properties of the soil (edaphic

factors), and the activities of living things (biotic factors). The study
of the relationships between plants, animals and the environment is

This tree
frog’s toes
have adapted
to help it
cling to bark.

Map showing main world biomes

Key to biomes on map above

Tundra
Very cold and windy. Most common plants: lichens*
and small shrubs. Animals include musk ox.

Coniferous forest
Low temperatures all year. Dominant plants: conifers*,
e.g. spruce. Most common large animals: deer.

Deciduous forest
Summers warm, winters cold. Dominant plants:
deciduous* trees, e.g. beech. Many animals, e.g. foxes.

) Tropical forest
WSS High temperatures all year, heavy rainfall. Great
variety of plants and animals, e.g. exotic birds.

Desert
High temperatures (cold at night), very low rainfail.
Typical plants: cacti. Animals include jerboas, scorpions.

Temperate grassiand
Open grassy plains. Hot summers and cold winters. Main
plants: grasses. Animals include prairie dogs.

Savanna

Main plants: grasses, but
rainfall enough for trees.
Typical animals: giraffe.

Scrubland (maquis)

Mountains

Ice

* Conifers, 340; Deciduous, 235;
Lichens, 342 (Mutualists).




ECOLOGY AND LIVING THINGS

Habitat

The natural home of a group of living things
or a single living thing. Small habitats can
be found within large habitats, e.g. a
wzilterhole in the savanna biome. Very

small specialized habitats are called
microhabitats, e.g. a rotting acacia tree.

Community

The group of plants and animals found in
one habitat. They all interact with each
other and their environment.

Waterhole and acacia tree
habitats in savanna

Ecological succession

A process which occurs whenever a new area
of land is colonized, e.g. a forest floor after a
fire, a farm field which is left uncultivated or
a demolition site which remains unused. Over
the years, different types of plants (and the
animals which go with them) will succeed
each other, until a climax community is arrived
at. This is a very stable community, one which
will survive without change as long as the
same conditions prevail (e.g. the climate).

Ecological succession in a disused field

Pioneer community (first commumity) of grasses, with insects,
field mice, etc.

Successional community (intermediate communit;') of shrubs and
bushes, with rabbits, thrushes, etc.

Climax community of deciduous* trees, e.g. oak and beech, with
foxes, badgers, warblers, etc.

* Deciduous, 236.

Ecosystem :
The community
of plants and animals in a
given habitat, together with the
non-living parts of the environment
(e.g. air or water). An ecosystem is a
self-contained unit, i.e. the plants and
animals interact to produce all the material
they need (see also pages 234-235).

The community
includes antelopes
and ostriches.

Ecosystem includes
environment, e.g.
air and water.

Ecological niche

The place held in an ecosystem by a plant or
animal, e.g. what it eats and where it lives.
Gause’s principle states that no two species
can occupy the same niche at the same time
(if they tried, one species would die out or

be driven away). For example, in the winter
months, both the curlew and the ringed plover
can be found living around the estuaries of
Britain, and eating small creatures such as
worms and snails. However, they actually
occupy different niches. Curlews wade in the
shallows, probing deep into the mud for food
with their long beaks. Ringed plovers, by
contrast, pick their food off the surface of the
shore (their beaks are too short for probing).
Hence both birds can survive in the same
general area.

The ringed  __
plover =
canuse its T :
-short beak to g
pick food from § )
the surface of _d& - .=

the shore.




WITHIN AN ECOSYSTEM

An ecosystem consists of a group (community*)
of animals and plants which interact with each

other and with their environment to produce a

self-contained ecological unit.

Simple food web
Food web ‘mp

The complex network of food chains
in an ecosystem. A food chain is a
linked series of living things, each
of which is the food for the
next in line. Plants make
their food from non-living
matter by photosynthesis*
(they are autotrophic)
and are always the first
members of a chain.

~ Animals cannot make
their own food (they
are heterotrophic)
and so rely on the
-food-making
activities
of plants. Water plants

White-faced
capuchin

o SRR
4 3 s

Carbon cycle _
The constant circulation of the element carbon through living things and the atmosphere.

~Carbon dioxide in the Vatmoﬁphere

-| Photosynthesis™ 4 B : [Internal respiration*
(manufacture of 2 by plants and animals
carbohydrates by plants) RIS

- Living plant matter i - ‘7| Living animal matter -
-1 (carbohydrates and 5 -:| (carbohydrates and proteins)
/| containing carbon

Production-of -

Carbon in fossil fuels Internal respiration*

(fuels made of fossilized % ) | by decomposers (tiny living %
prehistoric plants), e.g. &= ¥ things, e.g. bacleria), caysing RE28
coal, oil, natural gas & process of decay. i

* Community, 233; Internal respiration, 334; Photosynthesis, 254.
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" Perennials
Plants which live for many years.
Herbaceous perennials, e.g.
foxgloves, lose all the parts above
ground at the end of each growing
season, and grow new shoots at the
start of the next. Woody.perennials,
e.g. trees, produce new growth
(secondary tissue*) each year from

e Permanent stems.
i Ny
\; Foxgloves are perennials.

Biennials

Plants which live for
two years, e.g. carrots.
In the first year, they
grow and store up food.
In the second, they
produce flowers and
seeds, and then die.

Carrots
are
biennials.

Annuals

Plants which live for one
year, e.g. lobelias. In this
time they grow from seed,
- produce flowers and

B seeds, and then die.

Lobelias
are annuals.

Herbaceous
A term describing plants,

. ¥ 7

develop secondary
tissue* above the
ground, i.e. they are
“like a herb”, as distinct
from shrubs and trees
(woody perennials).

Phiox is a herbaceous plant.

* Chlorophyll, 255 (Pigments);
Secondary tissue, 246.

All living things show the same basic characteristics of life. These
‘are respiration, feeding, growth, sensitivity (irritability), movement,
excretion and reproduction. The life cycle of a plant or animal
is the progression from its formation to its death, with all the
changes this entails. (In some cases, these are drastic — see
) metamorphosis, page 277.) Below are some terms used to
group plants and animals together according to their life
cycle, or to-describe characteristics of certain life cycles.

e.g. phlox, which do not

Deciduous
A term describing perennials
whose leaves lose their
chlorophyll* and fall off at
the end of each growing
season, e.g. horse chestnuts, ~ Horse

: chestnut
Evergreen
A term describing perennials
which do not shed their leaves
at the end of a growing
season, e.g. firs. Grand fir
Ephemeral
Living for a very short time. Ephemeral plants
are found in places which are hot and dry for
most of the year (or for many years). The right
growing conditions do not exist for long, so
they must grow and produce seeds in a very
short time. The only truly ephemeral animals
are mayflies. Their adult life span is between
a few minutes and one day.

Desert
plants

Anadromous
A term describing fish which live in
the sea but swim upriver to breed,
e.g. salmon. This is a form of
migration, and the opposite is
catadromous (going from

river to-sea).

Salmon
swimming
upriver




Migrating geese

Migration

Traveling seasonally from one region to
another. This normally involves leaving
an area in winter to find food elsewhere,
and returning in the spring to breed.
Migration is part of the life cycle of many
animals, especially birds.

ECOLOGY AND LIVING THINGS

Dormancy

A period, or periods, of
suspended activity which
is a natural part of the life
cycle of many plants and
animals. Dormancy in plants
occurs when conditions are
unfavorable for growth (normally in winter). In
animals, dormancy usually occurs because of
food scarcity, and is either called hibernation
or aestivation. Hibernation is dormancy in the
winter (typical of many animals, e.g. some
mammals*), and aestivation is dormancy in
drought conditions (occurs mainly in insects).

Dormouse in
hibernation

Life styles

The world has a vast diversity of living
things, each one with its own style of life.
This situation is a result of genetic
variation. The living things can be grouped
together according to shared characteristics,
either by formal classification, which is
based mainly on their inferred ancestry (see
charts, pages 340-341) or by more informal
groupings, based on general characteristics
{see list, page 342).

Genetic variation
The span of
different forms of
life, each of which is a
variation and specifically
designed to survive its
environment. For example,

fish and birds have streamlined
shapes ideal for swimming and flying.

Birds’ wings are
shaped for flight.

The salmon’s streamlined
body helps it to swim
efficiently.

. Thorns on
rose stalks

Many living
things also
possess protective
measures such as
thorns or poison b
stings. These
protective designs
become established in
successive generations because those
creatures with them are the most likely

to survive long enough to breed (and
perpetuate the designs). This corresponds
with Darwin’s theory of natural selection,
(also called Darwinism), first expounded in
the mid-nineteenth century.

A bee’s sting
* protects it from
predators.

Mimicry

A special type of genetic design, in

which a plant or animal (the mimic) has a
resemblance to another plant or animal (the
model). This is used especially for protection
(e.g. many unprotected insects have the
coloring of those which sting), but also for
other reasons (bee orchids are mimics for
reproduction purposes — see page 259).

Model Mimic
Hoverfly
Wasp (protected with. stinger) (unprotected)

*Mammals, 341.










Organelles (continued)

Centrioles

Two bodies in animal and primitive
plant cells which are vital to cell
division (see right). In animal cells,
they lie just outside the nucleus*.
Each lies in a dense area of
cytoplasm* (centrosome) and is
made up of two tiny cylinders,
forming a +-shape or T-shape. Each
cylinder is made up of nine sets of
three tiny tubes (microtubules).

Centriole

Nucleoli (sing. nucleolus)

One or more small, round bodies in
the nucleus*. They produce the
component parts of the

ribosomes* (made of -

ribosomal RNA), which

are then transported out

of the nucleus and

assembled in the

cytoplasm*. Nucleolus

Mitochondria (sing. mitochondrion)
Rod-shaped bodies with a double layer of
outer skin. The inner layer forms a series of
folds (cristae, sing. crista), providing a large
surface area for the vital chemical reactions
‘which go on inside the mitochondria (called
the cell’s “powerhouses”). They
are the places where simple
substances taken into the cell
are broken down to provide
energy. For more about this,
see aerobic respiration,
page 334.

Mitochondrion

Plastids

Tiny bodies in plant cell
cytoplasm*. Some (leucoplasts)
store starch, oil or proteins.
Others — chloroplasts* —
contain chlorophyll*

{used in making food).

Plastid (chloroplast*)

Cell division

Cell division is the splitting up of one cell
{the parent cell) into two identical daughter
cells. There are two types of cell division,

both of the nucleus*

followed by the division of the
(cytokinesis). The first type of cell
is described on these two
new cells for growth and
millions of cells which die
day damage, disease or simply
because they are “worn out”). It is also the
means of asexual reproduction* in many
single-celled organisms. The second, special
division produces the gametes*
cels) which wili come together to form
ng thing. For more about this, see

" The division of the nucleus* when a plant

or animal cell divides for growth or repair. It
ensures that the two new nuclei (daughter
each given the same number of
chromosomes* {the bodies which carry the
“coded” hereditary information). Each receives
the same number of chromosomes as were in
the original nucleus, called the diploid number.
Every. living thing has its own characteristic
diploid number, i.e. all its cells (with the
exception of the gametes*) contain the
" number of chromosomes,
pairs called homologous
have 46 chromosomes,
mitosis is a continuous
it convenience sake
into four phases. Before mitosis, however, there
is always an interphase.

The between cell divisions. Interphases
are very active periods, during which the cells
are not only carrying out all the processes
needed for life, but are also preparing material
to.make “copies” of all their components (so both
new cells formed after division will have all they
need). just before mitosis begins, the chromatin*
threads in the nucleus* also duplicate, so that,
after coiling up, each chromosome* will consist
of two chromatids (see prophase). The centriole
duplicates itself during interphase. .
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Vascular tissue
Special tissue which runs

throughout a vascular plant,
carrying fluids and helping to
support the plant. In young stems, it
is normally arranged in separate units
called vascular bundles; in older stems,
these join up to form a central core
(vascular cylinder*). In young roots,
the arrangement of the tissue is slightly
different, but a central core is also formed
later. For more about the vascular tissue in
older plants, see page 246. The vascular
tissue is of two different types — xylem and
phloem. They are separated by a layer of
tissue called the cambium.

Tulips are Cross section of young stem,
monocotyledons*. or young part of a stem

Their vascular (dicotyledon®)
bundles are

irregularly arranged Cortex
within the stem. In Vascular ——.
dicotyledons*, by bundle
contrast, the bundles

are more regular Xylem
(see root and stem Phloem
sections, right).

) Cambium

//;;ss section of young ™

7 root, or young part of
= a root (dicotyledon*)

Root hair*

Epidermis

Phloem

Cambii

. Xylem
o Endodermis
Cortex
,\

5

° Root cap*

VASCULAR PLANTS

With the exception of simple plants such as algae, fungi,
mosses and liverworts (see classification chart, page
340), all plants are vascular plants. That is, they all

/ have a complex system of special fluid-carrying tissue

! called vascular tissue. For more about how the fluids

/ travel within the vascular tissue, see pages 252-253.

Young stem, or young part of a stem (dicotyledon®)

Cortex

Vascular
bundle

Phloem

Xylem

In real life, there would
be many more tubes
than are shown here.

The first tissue formed
by a new plant is
primary tissue. The
xylem is primary
xylem and the phloem -
is primary phloem.

Epidermis
(covered by
cuticle)

Longitudinal section of
young root, or young part
of a root (dicotyledon®)

Root hairs*

Endodermis

Ci

Xylem

Phloem

Cortex

Epidermis

3, *Dicotyledon, Monocotyledon, 261 (Cotyledon);
‘% ‘Root cap, Root hairs, 245; Vascular cylinder, 246.




Constituents of vascular tissue

Xylem

A tissue which carries water up through a plant.
In flowering plants it is made up of vessels or
tracheids, with long, thin cells (fibers) providing
support between them. Non-flowering plants
have only tracheids. In older stems, the vessels
become filled in, forming heartwood*.

Vessels and tracheids

Tubes in the xylem which carry water. Their
walls are strengthened with a hard substance
called lignin. They occur as columns of cells
whose contents have died. Vessels are shorter
and wider than tracheids.

Cambium

A layer of narrow, thin-walled cells between
the xylem on the inside and the phloem on
the outside. The cells are able to divide,
making more xylem and phloem. Such an
area of cells is called a meristem*..

Phloem

A tissue which distributes the food made in
the leaves to all parts of the plant. It consists
of fluid-carrying sieve tubes, each with a
companion cell beside them, and other cells
packed around them for support.

oo

4 i i
D | R &
R e 3

e
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Cambium

Sieve plate

Sieve tube

L— phloem ———!

Section of a vascular bundle

Sieve tubes

Cells in long columns in the phloem. They are
living cells with cell walls* and a thin layer of
cytoplasm but no nucleus*. The end walls
between the cells, called sieve plates, have tiny
holes in them to allow substances through.

Epidermis

A thin surface layer of tissue around all parts
of a plant. In some areas, especially the
leaves, it has many tiny holes, called
stomata*. In older stems, the epidermis is
replaced by phellem*. In older roots, it is
replaced by exodermis* and then by phellem.

Cortex

A layer of tissue inside the epidermis of
stems and roots. It consists mainly of
parenchyma, a type of tissue with large
cells and many air spaces. In some plants
-| there is also some collenchyma, a type of
supporting tissue with long, thick-walled
cells. The cortex tends to get compressed
and replaced by other tissues as a plant
gets older.

Other tissues in vascular plants

Endodermis

The innermost layer of root cortex. Fluids
which have seeped in between the cortex
cells, instead of through them, are directed
by its special passage cells into the central
area of vascular tissue.

Pith or medulla

A central area of tissue found in stems, but
not usually in roots. It is generally only called
pith once the stem has developed a vascular
cylinder*. It is made up of parenchyma (see
cortex), and is sometimes used to store food.

Cuticle

A thin outer layer of a waxy substance called
cutin made by the epidermis above ground.
It prevents too much water from being lost.

* Exodermis, 245 (Piliferous layer); Heartwood, 247; Meristem, 244;
Nucleus, 238; Phellem, 247; Stomata, 249; Vascular cylinder, 246.










New central tissue

' Vascular cylinder

A vascular cylinder develops as the first step of
secondary thickening in stems. More cambium*
forms between the vascular bundles*, and this -
then gives rise to more xylem* and phloem*,
forming a continuous cylinder.

" Secondary thickening
The year-by-year production of more fluid-
carrying vascular tissue* in plants which live
_ for many years, resulting in a gradual increase
in the diameter of the stem and roots. Each
year, new layers of xylem* (secondary xylem)
and phloem* (secondary phloem) are
produced by the dividing cells of the ]
cambium* between them. This process differs
“slightly between stems and roots, but the result
throughout the plant is an ever-enlarging core
of vascular tissue (which slowly “squeezes
out” the pith* in stems). Most of this core is
xylem, now also known as wood. The area of
! phloem does not widen much at all, because
the xylem pushing outward wears it away.

Annual rings

The concentric circles which can be seen in a
cross section of an older plant. Each ring is one
year’s new growth of xylem*, and has two
separate areas — spring wood and summer
wood. Soft spring wood (or early wood)
forms rapidly early in the growing
season and has widely-spaced cells.
Harder summer wood (or late
wood) is produced later on. lts

The roots and
trunk of this
tree thicken
oooasit
grows.

*C

INSIDE AN OLDER PLANT

A plant which lives for many years, such as a tree, forms secondary tissue

as it grows. This consists of new layers of tissue to supplement the original
tissue, or primary tissue*. New supportive and fluid-carrying vascular tissue*
is formed toward the center of the plant and new protective tissue is produced
» around the outside. The production of the new vascular tissue is called
'secondary thickening, and results in what is known as a woody plant.

. joins up.

_ cells are more densely packed.

Secondary thickening in a stem

1. Young stem g
Vascular bundle* @

Xyl’t"l #:
3
Phloem* : ﬁ

C hi *

2. Slightly older

Xylem

C B

Phloem

3. Older still

Xylem*.

C. P *

Phloem*

Vascular cylinder formed

" 4. After another year

First layer of secondary
xylem (i.e. first annual

ring) formed ﬁ

C hi *

First layer of
secondary
phi formed

5. After a
number of years

Many annual
rings (secondary

xylem)

Cambium

phloem Central plth* has almost disappeared.
243; Phi 243; Pith, 243; Primary tissue, 242;

Vascular bundles, 242 (Vascular tissue); Xylem, 243.




BOTANY

New outer tissue

Tree (many years old)

As well as new vascular tissue*, an older
plant also forms extra areas of tissue around
its outside to.help protect it. These are
called phelloderm, phellogen and phellem
respectively (working from the inside).

The three areas together are known as

the periderm.

Phellem

Phellogen |- Periderm

Phelloderm

Cortex*
Phloem*

Cambium*

Phellogen or cork cambium

A cell layer which arises toward the outside
of the stem and roots of older plants. It is a
meristem*, i.e. an area of cells which keep
on dividing. It produces two new layers —
phelloderm and phellem.

Phelloderm

A new cell layer produced by phellogen on
its inside. It supplements the cortex* and is
sometimes called secondary cortex.

Phellem or cork

A new cell layer produced by phellogen on its
outside. The cells undergo suberization, i.e.
become impregnated with a waxy substance

called suberin. This makes the outer layer )
Bole is another

waterproof. The phellem cells slowly die word for tree Lenticel
and replace the previous outer cell layer trunk. (see below)
(epidermis* in stems and exodermis* in
roots). Dead phellem cells are called bark. Loosely-packed “—’”S‘{
Bark stops the tree from drying out and protects it from disease. It Air space
cannot grow or stretch, so it splits or peels as the trunk gets wider,
and new bark grows underneath. .
Lenticels

Tiny raised openings in the phellem through
which an older plant exchanges oxygen and
carbon dioxide. Inside them, a channel of
loosely-packed cells allows the gases to
move across the outer tissues to or from the
Silver birch bark  English oak bark Scots pine bark  Beech bark cortex*, which also has air spaces.

Types of wood Sapwood

e The outer area of
xylem* in an older
The oldest, central part | plant, whose vessels*
of the xylem* in an older : still carry fluids.
plant. The vessels* are filled Sapwood also supports

Heartwood

in and no longer carry fluids, the tree and holds the
but they still provide support. Heartwood tree’s food reserves. Sapwood
* Cambium, Cortex, Epidermis, 243; Exodermis, 245 (Piliferohs layer); Phloem, 243;

Meristem, 244; Vascular tissue, 242; Vessels, 243; Xylem, 243.






Stomata (sing. stoma)

Tiny openings in the epidermis* (outer skin),
through which the exchange of water
(transpiration*) and gases takes place. Stomata
are mainly found on the underside of leaves.

Guard cells

Pairs of crescent-shaped cells. The members of
each pair are found on either side of a stoma,
which they open and close by changing shape.
This controls water and gas exchange. Guard
cells are the only surface cells with chloroplasts*.

Close-up of stoma (open) Leaf cross section

Stoma (closed)

Ordinary cell cells
epidermis*

BOTANY

Leaf trace :
An area of vascular tissue* which branche
off that of a stem to become the central vein
of a leaf.

Abscission layer

A layer of cells at the base of a leaf stalk
which separates from the rest of the plant at a
certain time of year (stimulated by a hormone*
called abscisic acid). This makes the leaf fall
off, forming a leaf scar on the stem.

Axillary Abscission layer -

Leaf trace

Leaf gap

Vascular tissue*

Special leaves

Stipule

A small,
stalkless
leaf at the
base of a
leaf stalk in
many plants.

Bract
A leaf at the
base of a
flower statk
in many
plants.

Bract

Tendril

A special
thread-like leaf
{or stem)
which either
twines around
or sticks to

a support.

Tendril

Spine o

A specially modified leaf
of a cactus. It has a
reduced surface -area
to avoid losing much
water.

Spine

* Axillary bud, 244; Chloroplasts, 254; Epidermis, 243;
Hormones, 336; Transpiration, 252; Vascular tissue, 242.




Types of cbmpound leaf

Shown on this page are some types of
compound leaf (leaves made up of
leaflets*), as well as some common
leaf arrangements and leaf edges, or
margins. The pictures are not to scale.

Trifoliate V)/hite
ciover
Three
leaflets
grow from o
the same point. — Leaflets
Ternate Colurnbine
Special type of
trifoliate leaf.
Each leaflet has Leaflet
with three
three lobes. Jobes
N Palmate Horse
) chestnut

The leaflets (five or
more) radiate from
one common point.

Pinnate
The leaflets, or
pinnae (sing.
pinna), are
in opposite
pairs.

Pinnae

Bipinnate/ . o oM
tripinnate TN
A pinnate leaf
with pinnate
leaflets.

This end is
bipinnate

This end is tripinnate

Palm trees have large
pinnate leaves.

Spiral
Leaves growing out
from points forming a

Orpine

. Spiral of
spiral around the stem. leaves
Opposite Box
Leaf pairs whose |
memb'ers grow from Opposite
opposite stem sides. pairs
Decussate Purple

. . loosestrife
Opposite pairs, each
pair at right angles AT ZZ’E at
to the one before. #~ angles
Rosette or whorl Goosegrass

A circle of leaves
growing from one

poi nt. Rosette

Basal rosette Primrose

A rosette

growing at the Sasal

base of a stem. rosette

Perfoliate

Single or paired Yellow-wort

leaves whose Leaves

bases are fused fused
around

around the stem. stem-

Leaf margins

Entire Lilac
The leaf margin has no

. . . Smooth
indentations of any kind. margin
Serrate Lime
The leaf margin has Jagged
tiny jagged “teeth”. margin

May also be lobed.

Lobed - English
The leaf margin forms ook
sections, or lobes.

May also be Lobes
serrate.

* Leaflets, 248.




PLANT SENSITIVITY

Plants have no nervous system, but
they do still show sensitivity, i.e.
they react to certain forms of
stimulation. They do this by moving
specific parts or by growing. This is
called tropism. Positive tropism is
movement or growth toward the
stimulus and negative tropism is
movement or growth away from it.

Hydrotropism
Response to water.
For example, some
roots may grow out
sideways if there is
more water in that
direction.

Geotropism
Response to the
pull of gravity. This
is shown by all
roots, i.e. they all
grow down
through the soil.

Roots grow down
in response to
gravity.

Roots grow
toward water.

Phototropism
Response to light.
When the light
is sunlight, ’
the response
is called
heliotropism.
Most leaves and
stems show this
by curving around
to grow toward
the light.

Goosefoot

Stemts curve
around to
face light.

Growth hormones or growth regulators
Substances which promote and regulate
plant growth. They are produced in
meristems* (areas where cells are
constantly dividing). Auxins, cytokinins and
gibberellins are types of growth hormone.

* Hormones, 336; Meristem, 244.

Venus fly
traps show
haptotropism. Their
leaves respond to touch, snapping
up animals such as insects and small frogs.

Haptotropism or
thigmotropism
Response to touch
or contact. For -
example, the
sticky hairs of a
sundew plant curl
around an insect
when it comes into
contact with them. o
Sticky hairs
respond to touch.
Photoperiodism

The response of plants to the length of day or
night (photoperiods), especially with regard
to the production of flowers. It depends on a
number of things, e.g. the plant’s age and the
temperature of its environment. Long-night
plants only produce flowers if the night is
longer than a certain length (called its
critical length), short-night plants only if it

is shorter. It is thought that a “message” to
produce flowers is carried to the relevant
area by a hormone*, produced in the leaves
when the conditions are right. This hormone
has been called florigen. Some plants are
night-neutral plants, i.e. their flowering

does not depend on the length of night

(see pictures, below).

These three plants each produce flowers
according to different photoperiods.

Chrysanthemum Larkspur Snapdragon
(long-night (short-night - (night-neutral
plant) plant) plant)




_concentration of minerals and sugars

-~ 0smosis*, causing more water to

PLANT FLUID TRANSPORTATION

The transportation of fluids in a plant is called translocation.
The fluids travel within the vascular tissue*, made up of
xylem* and phloem*. The xylem carries water (with dissolved
minerals) from the roots to the leaves. The phloem carries
food from the leaves to areas where it is needed.

Transpiration Transpiration stream

The loss of water by evaporation,
mainly through tiny holes called
stomata* which are found on the
underside of leaves.

Transpiration stream

A constant chain of events inside Water evaporates and
’ vapor escapes through

a plant. As the outer leaf cells stoma®

lose water by transpiration, the %

in their vacuoles* becomes higher
than that of the cells further in.
Water then passes outward by

be “pulled” up through the tubes

of the xylem* in the stem and roots
(helped by capillary action). The Water replaced
roots then take in more water. from innier cels.

Capillary action

The way that fluids travel up
narrow tubes (see also page 23).
The molecules of the fluid are
“pulled” upward by the attraction
between them and the molecules
of the tube.

Water ”pulled’; up
Root pressure through xylem *.
A pressure which-builds up in the
roots of some plants. In all plants,
water travels in from the soil and on
through the layers of root cells by
osmosis*. In plants which develop
root pressure, the pressure of this
water movement is-enough to
force the water some way up into
the tubes of the xylem*. It is then
“pulled” on upward by the ¢
transpiration stream. In other plants, ]
the movement of water through root  pooss take in
cells is all due to the “pull” of the more water.
transpiration stream. )

* Osmosis, 329; Phloem, 243; Stomata, 249;
Vacuoles, 238; Vascular tissue, 242; Xylem, 243. .







PLANT FOOD'
PRODUCTION

Most plants have the ability to make the food they need for growth and
energy (unlike animals, which must take it in). The manufacturing process
by which they make their complex food substances from other, simpler

substances is called

- Plants need water and carbon %439

/" dioxide for photosynthesis. Lianas have
extremely long, twisting stems which carry water
to their leaves, where photosynthesis takes place.

Photosynthesis ) Photosynthesis in a Section o
The series of chemical rosebay willowherb a leaf

reactions (for basic plant
equation, see page

209) by which green

J plants make their

- food. It occurs

mainly in the Vacuole*

palisade cells*. “

Carbon dioxide is Carbon

e

Palisade cells*

Sunlight

. . oo
combined with ioxide
water, using
energy taken in

~ from sunlight by

N .

. chloroplasts. This carbon

produces oxygen > dioxide

as well-as the epidermls* (no

plant’s food chloroplasts)
(see diagram,
page 255).
Chioroplasts Pali Food substances
absorb sunlight.  cell* built up inside cells.

~ Carbon
dioxide ‘

Chloroplasts

Tiny bodies in plant cells (mainly in the
leaves) which contain a green pigment
called chlorophyll. This absorbs the Sun’s
light energy and uses it to “power”
photosynthesis. Chloroplasts can move

carb gafbsn around inside a cell, according to light
aroon ioxide . . . .
dioxide , intensity and direction. See also page 240.
l Strong Chloroplasts Weak Chloroplasts
sunlight | sunlight change position.
| |
Water l

Nitrates and
minerals-(e.g.
phosphorus
and calcium)
also taken in.
Used to build
new tissue
(proteins).

‘ * Epidermis, 243; Internal respiration, 334;
Palisade cells, 248 (Palisade layer); Vacuoles, 238.



The process of photosynthesis
works in co-ordination with
that of internal respiration*, the
breakdown of food for energy. Photosynthesis
produces oxygen and carbohydrates (needed
for internal respiration), and internal
respiration produces carbon dioxide and
water (needed for photosynthesis).

s 1 carbon dioxide
Water

RESPIRATION

Oxygen
Carbohydrates

At most times, one of the two processes is
occurring at a faster rate than the other. This
means that excess amounts of its products are
being produced, and not enough of the
substances it needs are being made in the
plant. In this case, extra amounts must be
taken in and excess amounts given off or
stored (see pictures 2 and 4 below).

Pigments
Substances which absorb light. White light
is actually made up of a spectrum of many
different colors. Each pigment absorbs some
colors and reflects others.

Chlorophyll is a pigment found in all leaves. It
absorbs blue, violet and red light, and reflects i
green light. This is why leaves look green.

The color spectrum The color spectrum

Surface of Surface of @

leaf leaf
Chlorophyll Other pigments
reflects reflect other
green light. colors.

Other pigments, such as Autumn —— §

xanthophyll, carotene and  co/ors appear
. A when

tannin are also present in chiorophyil

leaves. They reflect orange,  breaks down.

yellow and red light, but are
masked by chlorophyll during
the growing season. In autumn,
the chlorophyll breaks down,
and so the autumn colors
appear. Plant pigments are
used to give color to many
things, e.g. paints and plastics,

Compensation points

Two points in a 24-hour period (normally
around dawn and around dusk) when the
processes of photosynthesis and internal
respiration* (see above) are exactly balanced.

Carbon dioxide

\

Carbon Oxygen Oxygen

1. Around dawn
(compensation point)

2. Midday (bright light, so
faster photosynthesis)

Photosynthesis is producing just the
right amounts of carbohydrates and
oxygen for internal respiration, and this is
producing just the right amounts of carbon
dioxide and water for photosynthesis.

Carbon Oxygen Carbon dioxide

dioxide ’ ‘

Oxygen

Water ,

3. Around dusk
(compensation point)

4. Midnight (no light, so
no photosynthesis)

* Internal respiration, 334.
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FLOWERS

The flowers of a plant contain its
organs of reproduction* (producing
new life). In hermaphrodite
plants, e.g. buttercups and
poppies, each flower

has both male and

female organs.
Monoecious plants, e.g. %
corn, have two types of
flowers on one plant —
staminate flowers, which have
just male organs, and pistillate
flowers, which have just female
organs. Dioecious plants, e.g.
holly, have staminate flowers on

one plant and pistillate flowers e |
on a separate plant. are called the

perianth. Receptacle

.. Buttercup

o
%

Sepal
Petal

Carpel Stamen

Unopened

Receptacle otals

The expanded tip of the flower stalk, or
peduncle, from which the flower grows. Penduncle
Petals

The delicate, usually brightly colored
structures around the reproductive organs.
Th_ey are often scented (to attract insects) ,
and are known collectively as the-corolla. "

Sepals

The small, leaf-like structures
around a bud, known collectively
as the calyx. In some flowers,
e.g. buttercups, they remain as a
ring around the opened petals; in
others, e.g. poppies,-they wither
and fall off.

Stamen
Carpel

Nectaries Fete!
Areas of cells at the
base of the petals
which produce a
sugary liquid called
nectar. This attracts
insects needed for pollination*. It is
thought that the dark lines down many
petals are there to direct an insect to the
nectar, and they are called honey guides.

Receptacle

Sepals have
fallen off.

Nectar held at

base of petal Unopened

petals

* Pollination, Reproductioh, 258.
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The female organs

Carpel or pistil

A female reproductive organ, consisting of
an ovary, stigma and style. Some flowers
have only one carpel, others have several
clustered together.

Ovaries

Female reproductive structures. Each is the
main part of the carpel and contains one or
more tiny bodies called ovules*, edch of
which contains a female sex cell. An ovule

is fixed by a stalk (funicle) to an area of the
ovary’s inside wall called the placenta. The
stalk is attached to the ovule at a point called
a chalaza.

Stigma

The uppermost part of a carpel, with a sticky
surface to which grains of pollen* become
aitached during pollination*.

Style

The part of a carpel which joins the stigma
to the ovary. Many flowers have an obvious
style, e.g. daffodils, but in others it is very
short (e.g. buttercups) or almost non-existent

e.g. poppies).

Gynaecium
The whole female reproductive structure,
made up of one or more carpels.

Buttercup carpels

Many small carpels Stigma Stigma

Single ovu
Ovary (

Placenta
Poppy carpel
One large Stigma Stigma
carpel | |

Ovary ——

*Ovules, Pollen, Pollination, 258.

The male organs

Stamens

The male reproductive
organs. Fach has a thin
stalk, or filament, with an
anther at the tip. Each anther
is made up of pollen sacs,
which contain grains of pollen*.

Androecium )
A collective term for all the male parts of a
flower, i.e. all the stamens.

How the parts are arranged

Hypogynous flower  Tulip

The carpel (or carpels) sit

on top of the receptacle;

all the other parts grow

out from around its base.

The position of the carpel

is described as superior. ovary

Perigynous flower Cherry
The carpel (or carpels)
rest in a cup-shaped
receptacle; all the

other parts grow out
from around its rim. The
position of the carpel is
described as superior. . Receptacie ovary
Epigynous flower Daffodil

The flower parts grow
from the top of a
receptacle which Stamen -
completely encloses ey
the ovary (or ovaries), T‘Y'e \
but not the stigma and - ey
style. The position of Inferior ovary

the ovary is described .
Receptacle

as inferior.

Stigma







Cross pollination

The pollination of one plant by pollen grains
from another plant of the same type. (If the
grains land on a different type of plant, they do
not develop further, i.e. they do not produce
pollen tubes.) The pollen may be carried by the
wind, or by insects which drink the nectar*.

Bees visit flower
to drink nectar.

Pollen sticks to
of bee and is brushed
off on onother flower.

Stamens* §
bend over to
touch stigma*.

Self pollination
The pollination of a
plant by its own
pollen grains. For .
example, a bee
orchid tries to
attract male Eucera bees
(for cross pollination) by
looking and smelling like a
female bee. But if it is not
visited, its stamens* (male
parts) bend over and transfer
pollen to the stigma* of its
ovary* (female body).

Bee
orchid

Types and arrangements
of flowers '

Inflorescence Fowering rush

A group of
flowers or
flowerheads
growing from
one point.

Single
flower

Cornflower

Flowerhead or
composite
flower

A cluster of tiny
flowers, or florets.

Florets

Wild carrot

Umbellifer

An inflorescence
with umbrella-
shaped
flowerheads
(umbels).

Umbels

Ray florets
Florets with
one long petal.

Comn
marigold

Disc
florets g

Disc florets
Florets whose
petals are all
the same size.

Bell flower
Also called a
tubular or
campanulate
flower. lts petals
are joined to make
a bell shape.

— Nettle-leaved
bellflower

Bell flower

Columbine

Spurred flower - ¢-
A flower with one ;
or more petals
extended
backward to
form spurs.

Spurs

Meadow clary

Lipped flower
A flower with
two “lips” — an
upper and lower
one. The upper
one often has

a hood.

Pea flower Gorse
A flower with an

upper petal (the

standard), two side

petals (wing

petals) and two

lower petals

forming the keel

(which encloses the
reproductive parts). Keel

Standard

Wing petals

*Nectar, 256 {Nectaries);
Ovaries, 257; Stamens, 257;
Stigma, 257.
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Parts of a seed

Hilum

A mark on a seed,
showing where the
ovule* was attached
to the ovary*.

seed (bean)— 7%

Testa

The seed coat. It
develops from the
integuments*.

Testa

Testa
has been
removed.

Radicle Cotyledons
have been
opened out.

BOTANY

Plumule
The first bud, or primary

Position of radicle bud, formed inside a seed.

(plumule hidden) . ; . .
it will develop into the first
Hilum shoot of the new plant.
The tiny hole
(micropyle*)
present in the Radicle
ovule*, can still . f
be seem. It lofs The first root, or primary
water in. root, of a new plant. It is

formed inside a seed.

Plumule One Z Radicle
cotyledon

Radicle has been
removed.

Plumule

Cotyledons —

Cotyledons

Endosperm

A layer of tissue inside a
seed which surrounds the
developing plant and gives it
nourishment. In some plants,
e.g. pea, the cotyledons
absorb and store all the
endosperm before the seed
is ripe; in others, e.g. grasses,
it is not fully absorbed until
after the seed germinates.

Cross section of
a young bean

Endosperm

Cotyledon

Cotyledon

Cotyledon or seed-leaf
A simple leaf which forms
part of the developing
plant. In some seeds, e.g.
bean seeds, it absorbs
and stores all the food .
from the endosperm.
Monocotyledons are plants
with one cotyledon, e.g.
grasses; in dicotyledons,
e.g. peas, there are two.

Cross section of
a mature bean

Endosperm
Cotyledon

Epigeal =

A type of germination, e.g. in bean plants,
in which the cotyledons appear above the
ground, below the first leaves — the

rue leaves.
frue lea Cotyledons

True leaves

Epigeal Plumule Testa is
(bean plant)  comes above discarded.

ground.
Radicle —‘

grows down. et

Coleoptile
The first leaf of many monocotyledons (see
cotyledon). It protects the first bud, and the
first leaves emerge
from it.

New leaves

Grain of wheat

Bud protected
by coleoptile

Coleoptile

Integuments, Micropyie, 258 (Ovules); Ovaries, 257.




FRUIT

A fruit contains the seeds of a plant.
True fruit develop purely from the
ovary*, false fruit develop from the

{ receptacle* as well (e.g. a strawberry).
The outer wall of a fruit is called the
pericarp. In some fruits, it is divided
into an outer skin, or epicarp, a
fleshy part, or mesocarp, and an
inner layer, or endocarp. Listed
below are the main types of fruit.

Legume or pod
A fruit with. seeds
attached to its inside
wall. It splits along its

length to open, e.g. a pea.

Pea pod sz&_

Nut
A dry fruit with a
- hard shell, which
- only contains one
seed, e.g. a
hazelnut or
a walnut.

Walnut %

Shell

Drupe

A fleshy fruit with
a hard seed in the
middle, often known
as a “stone”, e.g..

1
i Seed or
‘ a plum

t

“stone”

O

Grapefruit

Berry

A fleshy fruit
which contains
many seeds, e.g. a tomato

or a grapefruit. The “flesh” of
citrus fruits is made up of tiny
hairs, each one swollen up
and full of juice.

Seed

Tomato seeds
surrounded
by juice

:;_\: Grains of
Grain = wheat
Also called :
a caryopsis or kernel.
A small fruit whose wall has fused

with the seed coat, e.g. wheat.

Pome

A fruit with a thick, fleshy,
outer layer and a core, with
the seeds enclosed-in a
capsule, e.g. an apple.
Pomes are examples of false
fruits (see introduction). Seed

Apple

Achene ;
A small, dry fruit, with only
one seed, e.g. a sycamore or
buttercup fruit. A “winged”

achene like a sycamore fruit

N . Sycamore -
is a samara or key fruit.

samara

"Artificial propagation is the
commercial process, in.
" agriculture and market
gardening, which makes use
of vegetative reproduction

(see opposite). The fact that
new plants need not
¥ always grow from seeds
, means that many more
=Y plants can be produced

¢+ commercially than would
% occur naturally.

Y Plant cutting

Cutting -

A process in which a piece of a plant stem
(the cutting) is removed from its parent plant
and planted in soil, where it grows into a new
plant. In some cases, it is first left in water for
a while to develop roots.

Taking a cutting

Cutting in water Cutting replanted

* Qvaries, 257; Reeptacle, 256.







THE BODY STRUCTURE

OF ANIMALS

Animals exist in a great variety of
forms, from single-celled organisms
to complex ones made of thousands
of cells. The way they are
classified*, or divided into groups,
depends to a large extent on how
complex their bodies are: The two
terms higher animal and lower
animal are often used in this
context. The higher an animal is,
the more complex its internal organs
are. In general, the distinguishing
features of higher animals are
segmentation, body cavities and
some kind of skeleton.

Segmentation

The division of a body into separate areas,

or segments, a step up in complexity from a

simple undivided body. Generally, the more

complex the animal, the less obvious its
segments are. The most primitive form of
segmentation is metameric segmentation, or
metamerism. The segments (metameres) are
very similar, if not identical. Each contains
more or less identical parts of the main

/4 internal systems, which join up through

the internal walls separating the

28 segments. Such segmentation is

found in most worms, for example.

More complex segmentation is less

\ obvious. In insects, for example,

"2 the body has three main parts —

3 the head, thorax (upper body
region) and abdomen (lower
body region). Each of these is in
fact a group of segments, called
a tagma (pl. tagmata), but the

segments are not divided by

internal walls. They are simply
visible as external markings.

Metameric segmentation
in an earthworm

Metamere

Banded %
demoiselle
damselfly

Thorax Head

Segments can Appendage (icg)
be seen as ——
markings.  /#

Ahd,

Appendage

A subordinate body part, i.e. one which
projects from the body, such as an arm, leg,
fin or wing.

Arrangement of the parts

Bilateral symmetry

An arrangement of body
parts in which there is
only one possible body
division which will
produce two mirror-
image halves. It is typical
of almost all freely-
moving animals. The
same state in flowers is
called zygomorphy (e.g.
in snapdragons).

Bilateral symmetry

Only one division produces
mirror-image halves.

Radial symmetry

A radiating arrangement
of body parts around a
central axis, e.g. in
starfish. In such cases,
there are two or more __gow
possible body divisions
(sometimes in different
planes) which will
produce two mirror-
image halves. The same
state in flowers is called
actinomorphy (e.g. in
buttercups).

Starfish

Several different divisions
produce mirror-image hal






ANIMAL BODY
COVERINGS

All animals have an enclosing
outer layer, or “skin”, normally with
a further covering of some kind. In
many cases, the skin has many
layers, like human skin (see pages
310-311), and in most higher
animals its covering is soft, e.g. hair,
fur or feathers. Hard coverings, e.g.
shells, are found in many lower
animals and may form-their only
supporting framework, if they have
no internal skeleton (endoskeleton).
In such cases, the covering is called
an exoskeleton. Some of the main
body coverings are listed here.

Cuticle Earwig

A non-living,
waterproof, outer
layer in many
animals, secreted
by the skin. In most arthropods®, it hardens to
form a supportive outer skeleton, or exoskeleton,
e.g: the shells of crabs and the tough outer
Ycoat” of insects. The term cuticle is in fact
most often used to describe this insect “coat”.
It consists of a sugar-based substance (chitin)
and a tough protein (sclerotin). It is often made
up of sclerites — separate pieces joined by
flexible, narrow areas. In other animals, e.g.
earthworms, the cuticle remains a soft, waxy
covering. (The term cuticle is sometimes used
to mean the stratum corneum™® in humans.)

Sclerites (cuticle)

Scales .
There are two different types of scales. Those
of bony fish, e.g. carp, are small, often bony
plates lying within the skin. Those covering
the limbs or whole bodies of many reptiles*
(e.g. the legs of turtles) are thickened

areas of skin.

Epidermis*

Carp

Scales overlap

Dermis*

Carapace

The shield-like shell of
a crab, tortoise or turtle.
In tortoises and turtles, it
consists of bony plates fused
together under a horny skin, but in
crabs, it is a hardened cuticle.

Denticles or placoid scales

Sharp, backward-pointing plates, covering
the bodies of cartilaginous fish, e.g. rays.
They are similar to teeth, and stick out from
the skin, unlike scales.

Denticles come through epidermis*.

Elytra (sing. elytron)
The front pair of wings
of beetles and some
bugs. They are
designed to form a
tough cover for the
back pair of wings,
used for flying.

Scute or scutum (pl. scuta)
Any large, hard, external
plate, especially those on

the underside of a snake,
used in movement.

* Arthropods, 341; Dermis, 310; Epidermis, 310;
Reptiles, 341; Stratum corneum, 310.




“eathers

he insulating waterproof layer of a bird’s
ody is made up of feathers, together
mown as its plumage. Each feather is a
ght structure made of a fibrous, horny
ubstance called keratin. Each has a
central shaft (or rachis) with thin

aments called barbs. The barbs of all
contour feathers, i.e. all the feathers

wcept the down feathers, have tiny

aments called barbules. Like body

airs, feathers have nerve endings
attached to them, as well as muscles

hich can fluff them up to conserve heat
see hair erector muscles, page 311).

Birds” feet tend not to be Mandibles — upper and
awered in feathers, but are lower beak parts
woiected by small scales called

scmtella (sing. scutellum).

Coverts feathers covering

ZOOLOGY (ANIMALS)

Rectrices (sing.
rectrix) — tail feathers.
They control changes
of direction in flight.

Northern parula warbler

Uropygium contains
uropygial gland,
which secretes an
oily fluid used in
preening.

The feathers
of the back,
shoulders and
wings are
sometimes
called the
mantle.

bases of wing and tail feathers

Primaries (furthest from the body) —

make up end section of wing (pinion).

Secondaries (nearer the body)

Remiges (sing. remix) or flight feathers
Those feathers of a bird’s wings which are
used in flight, consisting of the long, strong
primary feathers, or primaries, and the
shorter secondary feathers, or secondaries.

Down feathers or plumules

The fluffy, temporary feathers of all
young birds, which have flexible
barbs, but no true barbules. The
adults of some types of bird keep
some down feathers as an insulating
layer close to the skin.

Feather follicles
Tiny pits in a bird’s skin. Each one has
a feather in it, just like a hair in a hair
follicle*. The cells at the base of the
follicle grow up and out to form a
feather, and then die away, leaving
their hard, tough remains.

Vane - flat surface formed by
barbs and barbules

Barbules of one barb
lock into those of the
barb next to it.

Down
feather

* Hair follicles, 311.
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Swimmers

Fins
Projections from the body of a fish, which are
used as stabilizers and to change direction.
They are supported by rays — rods of bone

or cartilage* (depending on the type of fish)
radiating out inside them. Fish have two sets
of fins, called median and paired fins.

Sheephead wrass

Caudal fin Dorsal fin

Anal fin. If longer
and extending under the bt
belly, it is known as the —— “<Z=..
ventral fin. 4
Pectoral fin ATH.
=0
Pelvic fin — ! o
in many fish, the pelvic fins
are behind the pectoral fins.

Median fins

The fins which run in a line down the center
of the back and the belly. In some fish, e.g.
eels, they form one long, continuous median
fin, but in most they are divided into the
dorsal, caudal (tail) and anal (or ventral) fins.
The dorsal fin and the anal fin control changes
of direction from side to side. The caudal fin
helps to propel the fish through the water.

Paired fins

The fins of a fish which stick out from its sides
in two pairs: the pectoral fins and the pelvic
fins. They control movement up or down.

Swim bladder or air bladder :

A long, air-filled pouch inside most bony fish.

The fish alters the amount of air inside the

bladder depending on the depth at

which it is swimming. This keeps

the density of the fish the Swim
bladder

same as that of the

water, so it will not

sink if it stops

swimming.

Caudal means “of the tail
or hind part”; caudate
means “having a tail”.

Median or medial means
“lying on the dividing line
betweeri the right and left sides”.

Ventral means “of the
front or lower surface”.

Dorsal means “of the back or
top surface”.

* Cartilage, 281; Digit, 278 (Phalanges);
Habitat, 233; Mammals, 341.

ZOOLOGY (ANIMALS)

Flyers

Pectoralis muscles

Two large, paired chest muscles, found in many
mammals*, but especially highly developed in
birds. Each wing has one pectoralis major and
one pectoralis minor, attached at one end to the
keel, a large extension of the breastbone. The
muscles contract alternately to move the wings.

Pectoralis minor * Bastard wing or alula.

(pulls wing up) Short digit* with a few
feathers. Helps to deal
Keel with air turbulence.

Pectoralis major
(pulls wing down)

Breastbone,
or sternum

Walkers

Unguligrade

Walking on hoofs at

the tips of the toes, -
e.g. horses.

Digitigrade

Walking on the underside
of the toes, e.g. dogs and
cats.

Plantigrade
"Walking on the underside
of the whole foot,
e.g. humans.

Camels are unguligrade animals
which are suited to their habitat*. Their
wide, hairy hoofs have a large surface

area. This helps to spread out their weight
and prevents them from sinking into the
fine desert sand.
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‘main animal body parts involved

ANIMAL FEEDING

Different animals take in their
food in many different ways, and
with many different body parts.
Some also have special internal
mechanisms for dealing with the
food (others have human-like
digestive systems — see pages 294-
295). Listed here are some of the

in feeding and digestion.

Cnidoblasts or thread cells
Special cells found in large
numbers on the tentacles*
of cnidarians*, e.g. sea
anemones, used for seizing
food. Each one contains a
nematocyst — a long thread
coiled inside a tiny sac.
When a tentacle touches
something, the threads shoot
out to stick to it or sting it.

Cut-away
tentacie*

Cnidobiast 7

Nematocyst
shoots out

Diastema (pl. diastemata)

A gap between the front and back teeth of
many plant-eaters. It is especially important
in rodents, e.g. mice. They can draw their
cheeks in through the gaps, so they do not
swallow substances they may be gnawing.

Mouse skull

Diastema

Carnassial teeth

The specially adapted last upper premolar*
and first lower molar* of carnivorous
mammals, used for shearing flesh.

Radula :

The horny “tongue” of many molluscs*, e.g.
snails. It is covered by tiny teeth, which rasp
off food.

* Cnidarians, 341; Molars, 285; Molluscs, 341;
Plankton, 342; Premolars, 285; Tentacles, 274.

Sea
anemone

 they are covered with water.

Filter-feeding

The “sieving” of food from
water, shown by many
aquatic animals. Barnacles,
for instance, sieve
out microscopic
organisms, or
plankton*, with
bristly limbs called
cirri (sing. cirrus).

Barnacles put out their cirri when

Some whales use frayed plates of horny
baleen, or whalebone, hanging down from
the top jaw. They sieve out
small, shrimp-like animals
called krill.

Krill

Mouth open Mouth closed

Water out

Frayed plates
- of baleen

A gray whale filtering sea
water through
its baleen
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Arthropod mouthparts

The mouths of arthropods*, e.g. insects, are
made up of a number of different parts.
Depending on the animal’s feeding method,
these may look very different. The basic
mouthparts, found in all insects, are the
mandibles, maxillae (sing. maxilla), labrum
and labium. The first two are also found in
many other arthropods, e.g. crabs and
centipedes (some of these other arthropods
have two pairs of maxillae).

The labium of-houseflies is

an extended pad-like sucking
organ.

The maxillae of butterflies,
moths and similar insects fit
together to make a long

sucking tube, or proboscis.

Grooves called
pseudotracheae
(sing. pseudotrachea)

Typical arrangement of
mouthparts (locust)

Hypopharynx. The
tongue (not visible here).
Used for sucking up
liquids.

Labrum. Upper lip.
Hinged extension of head
which covers and protects
other mouthparts.

Mandibles. Used for fi
holding or biting food.1___ (12

1‘\'
=
.

Macxillae. in most
cases manipulate
food into mouth.

Maxlillary
palps*

Labial
palps*

Labium. Lower lip. In
most cases manipulates
food into mouth.

Digestive structures

Crop

A thin-walled pouch, part of the gullet
(esophagus*) in birds; also a similar structure in
some worms, e.g. earthworms, and some
insects, e.g. grasshoppers. Food is stored in the
crop before it goes into the gizzard.

Gizzard

A thick, muscular-walled pouch at the base

of the gullet (esophagus*) in those animals
which have crops. These animals have no teeth,
instead food is ground up in the gizzard. Birds
swallow pieces of gravel to act as grindstones;
in other animals, the muscular walls of the
gizzard, or hard, tooth-like structures attached
to these walls, help to grind up their food.

Pigeon

Cloaca. Collecting
chamber for body waste
ond reproductive bodies.

Gizzard
Cloacal aperture

or cloacal vent. Exit
from the cloaca.

Mammals, 341; Palps, 274.

* Arthropods, 341; Cellulose, 238 (Cell wall); Esophagus, 294;

Rumen

The large first chamber of the complex
“stomach” of some plant-eating mammals*,
e.g. cows, into which food passes unchewed.
It contains bacteria which can break down
cellulose*. Other animals pass this substance
as waste, but these animals cannot afford to do
this, as it makes up the bulk of their food (grass).
Partially-digested food from the rumen is
digested further in the second chamber, or
reticulum, and then regurgitated to be chewed,
when it is known as the cud. When swallowed
again, it passes directly to the third and fourth
chambers — the omasum and the abomasum
(the true stomach) — for further processing.

Rumen

Reticulum

Animals that chew the cud
(ruminate) are called )

ruminants.
To-the t
intestines {3
Abomasum—
—p- First route of food
~» Second route of food
Cecum

Any blind-ended sac inside the body, especially
one forming part of a digestive system. In many
animals, e.g. rabbits, it is the site of an important
stage of digestion (involving bacterial breakdown
of cellulose* — see rumen). In others, e.g. humans
(see large intestine®), it has little use.
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ANIMAL RESPIRATION

The complex process-of respiration consists

of a number of stages (see introduction,
page 298). Basically, oxygen is taken in

and used by body cells in the breakdown of
food, and carbon dioxide is expelled from the
cells and the body. On these pages are some of

the main animal respiratory organs.

Gills

Gills or branchiae (sing. branchia), are the
breathing organs of most aquatic animals,
containing many blood vessels. Oxygen is
absorbed into the blood from the water
passing over the gills. Carbon dioxide passes
out the other way. There are two types of
gills — internal and external.

Internal gills

Gills inside the body, found in various forms
in all fish, most mollusks*, e.g. limpets, and
most crustaceans (a group of arthropods*
which includes crabs). Most fish have four
pairs of gills, with openings between them
called gill slits. In more advanced fish, e.g.
cod, they are covered by a flap called the
operculum. In more primitive fish, e.g. sharks,
they end in narrow openings in the skin on
the side of the head. Each gill consists of a
curved rod, the gill bar or gill arch, with
many fine gill filaments, and even finer gill
lamellae (sing. lamella) radiating from it.
These all contain blood vessels.

Operculum has been removed.
b Branchial means

Four gills “of the gills.”

Cod

Gill rakers are special
attachments in cod and
some other species. They
filter out plankton*
from the water.

Gill slit

Gill 2 g
fil - Gill bar
Gill lamellae

narrow slits are
where water leaves,
having passed over
the shark’s gills.

Breathing with gills

1. Mouth open

Operculum
closed.

Water in

2. Mouth closes,
operculum opens.

Water forced through gill
slits (washing over gill
filaments). i

forced out between
operculum and body wall.

* Amphibians, 341; Arthropods, 341; Hyponome, 274; Larva, 277;

Mollusks, 341; Nymph, 277; Plankton, 342; Tentacles, 274.

External gills

Gills on the outside of the body, found in the
young stages of most fish and amphibians*,
some older amphibians and the young aquatic
stages of many insects (e.g. caddisfly larvae*
and mayfly nymphs*). Their exact form
depends on the type of animal, but in many
cases they are “frilly” outgrowths from the
head, e.g. in young tadpoles.

Tadpole

External gills are
soft and “frifly”.

Siphon

A tube carrying water to (inhalant siphon) or
from (exhalant siphon) the gills of many lower
aquatic animals, e.g. whelks (see picture, page
265). The exhalant siphon of cephalopods
(mollusks* with tentacles*), e.g. octopuses, is
called the hyponome*.






ANIMAL SENSES AND
COMMUNICATION

All animals show some sensitivity (irritability),

i.e. response to external stimuli such as light and
sound vibrations. Humans have a high overall level
of sensory development, but individual senses in other animals may
be even better developed, e.g. the acute vision of hawks. Listed here
are some of the main animal sense organs (and their parts). Their
responding parts send “messages” (nervous impulses) to the brain
(or more primitive nerve center), which initiates the response.

Touch, smell and taste

Antennae (sing. antenna)

Whip-like, jointed sense organs on the heads
of insects, centipedes and millipedes, and all
crustaceans (a group of arthropods* which
includes crabs and prawns). Insects,
centipedes and millipedes have one pair,

* crustaceans have two. They respond to touch,
temperature changes and chemigals (giving
“smell” or “taste”). Some crustaceans also use
them for swimming or to attach themselves to
objects or other animals.

Prawn Antenna
/ 5
Food-seizing o % %

..pincers called f
.. chelae (sing.
chela).

The last segment of
most arthropods*
is called the telson.

A prawn has a
cephalothorax —a
fused head and thorax™.

Antenna

Katydids have a single pair’
of long

The Lion’s Mane jellyfish uses its tentacles to sting X
and catch fish, Some large Lion’s Mane jellyfish have S
tentacles that are up to 100ft long.

Tentacles e
Long, flexible body parts, found in many
molluscs*, e.g. octopuses, and cnidarians*,

e.g. jellyfish. In most cases they are used for
grasping food or feeling, though the

longer of the two pairs found
in land snails and
slugs have eyes
on the end.

Octopus

Hyponome. Octopus
shoots water out of it to
move by “jet propulsion”.

Tentacles

Vibrissae (s\ing. vibrissa) or whiskers

Stiff hairs standing out from the faces of many
mammals*, e.g. cats, around the nose. They
are sensitive to touch.

Palps
Projections of the mouthparts of arthropods*,
e.g. insects (see katydid picture, left). They
respond to chemicals (giving “smell”
or “taste”). The term is also
‘given to various touch-
sensitive organs.

organ (see page 275)

seta)
by the skin of
) , €.8. insects.
Nerves at their bases respond to
movements of air or vibrations.

* Arthropods, Cnidarians; Invertebrates, Mammals,
Moliuscs, 341; Thorax, 264 (Segmentation).



Hearing and balance

Lateral lines

Two water-filled tubes lying along each side
of the body, just under the skin. They are
found in all fish and those amphibians* which
spend most of their time in water, e.g. some
toads. They enable the animals to detect
water currents and pressure changes, and they
use this information to find their way around.

Catfish . ;
- Water movements outside

Lateral line cause waterto  in tube.
Tiny holes
e which
open to
outside.

Nerve endings
respond to water
movemernts.

Barbels. Locate food
by touch and taste.

Tympanal organs or tympani (sing.
tympanum)

Sound detectors found on the lower body or
legs in some insects, e.g. katydids, and on
the head in some land vertebrates*,

e.g. frogs. Each

is an air sac
covered by a thin
layer of tissue.
Sensitive fibers

in the organs
respond to
high-frequency
sound vibrations.

Tympanal
organ located
on side of head

Frog

Statocysts
Tiny organs of balance, found in many aquatic
invertebrates*, e.g. jellyfish. Each is a sac
with tiny particles called statoliths inside, e.g.
sand grains. When the animal moves, the
grains move, stimulating sensitive cells which
set off responses.

Halteres

Modified second pair
of wings on flies, which
keep balance in flight.

* Amphibians, Arthropods, 341; Cuticle, 266; Invertebrates, 341;

Larynx, 298; Pigments, 255; Vertebrates, 341.

Sight

Compound eyes

The special eyes of
many insects and some
other arthropods*, e.g.
crabs. Each consists of hundreds
of separate visual units called
ommatidia (sing. ommatidium).
Each of these has an outer lens”
system which “bends”, or
refracts, light onto a rhabdom,

a transparent rod surrounded

by light-responsive cells.

Compound
eye view of a
flower (mosaic
image)

Thick, transparent
piece of cuticle*

s Ommatidium
7. Crystal-
like cone

Lens
System

Pigment* cell * Rhabdom sensitive cell

After receiving information from all the ommatidia
(each has a slightly different angle:of vision so
may record different light intensity or color), the
brain assembles a complete mosaic image. This
is enough for the animal’s needs, but not as well
defined as the image made by the human eye.

Communication

Pheromone

Any chemical made by an animal that
causes responses in other members of the
species, e.g. sexual attractants produced
by many insects.

Stridulation

The rubbing together of body parts to
make a shrill noise {often used to attract
a mate). Katydids use their wing edges.

Syrinx (pl. syringes)
The vocal organ of birds, similar to the

larynx*, but found at the windpipe’s base.
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ANIMAL REPRODUCTION

AND DEVELOPMENT

Reproduction is the creation of new life. Most
animals reproduce by sexual reproduction*, the
joining of a female sex cell, called an ovum, with a
male sex cell, or sperm. Below are the main terms ~ —=
associated with the reproductive processes of animals.

Viviparous

A term describing animals such as humans, in
which both the joining of the male and female
sex cells (fertilization) and the development of
the embryo* occur inside the female’s body
(the fertilization is internal fertilization), and
the baby is
born live.

New-born
piglets
suckling.
Pigs are
viviparous.

Oviparous
A term describing animals‘in which the
development of the embryo* occurs in an egg
which has been laid by the mother. In some
cases, e.g. in birds, the male and female sex
cells join inside the female’s body (internal
fertilization) and the egg already contains the
embryo when laid. In other cases, e.g. in
many fish, the many eggs
each just contain an
ovum (female sex cell)
when laid, and the
" male then deposits

sperm {male

sex cells)

over them

1 (external

. fertilization).

~.

Australian taipan
snakes hatching
from eggs. Most

%Y snakes are oviparous.

Chick hatching from
a cleidoic egg

Eggs

There are two main types of egg. Cleidoic eggs
are produced by most egg-laying animals
which live on land, e.g. birds and most
reptiles*, and also by a few aquatic animals,
e.g. sharks. Such an egg largely isolates the
embryo* from its surroundings, allowing only
gases to pass through its tough shell (waste
matter is stored). It contains enough food (yolk)
for the complete development of the embryo,
and the animal emerges as a tiny version of the
adult. The other type of egg, produced by most
aquatic animals, e.g. most fish, has a soft outer
membrane, through which water and waste
matter (as well as gases) can pass. The
emerging young are not fully developed.

Cleidoic egg Albumen. The “white”  Amnion. Thin

of the egg — providing layer of tissue,
Yolk (rich in protein and making amniotic
phosphorus and fat). sac which contains
Gradually absorbed by cushioning

embryo, together with
surrounding yolk sac
(human embryos have
the remains of a

sac attached ta

them). Shell

amniotic fluid.

(sing.
chalaza).
Twisted
bands aof
albumen,
holding
yolk in
place and
acting as
shock
absarbers.

Allantois. Has Bird *
many blood vessels, embryo*
which carry gases

between embryo and Gases exchanged

9utside. Also present Qxygen Cgrb.on through shel
in early stages of in dioxide and air space
human development. out ’

* Embryo, 320; Reptiles, 341; Sexual reproduction, 320.




Oviduct
Any tube in females through which either eggs
or ova (female sex cells) are discharged to the
outside. In some animals, e.g. birds, the eggs
are fertilized on the way out (see oviparous).

Ovipositor

An organ extending from the back end of many
female insects, through which eggs are laid. In
many cases, it is long and sharp, and is used
to pierce plant or animal tissues before laying.

Spermatheca
A sac for storing
sperm (male sex cells)
in the female of many
invertebrates*, e.g.
insects, and some lower
vertebrates*, e.g. newts. The
female receives the sperm
and stores them until her
ova (sex cells) are ready to
join with them (fertilization).

hermaphrodite
animals (animals

female organs), e.g.
earthworms, have
spermathecue.
They “swap” sperm
when they mate.

with both male and

Metamorphosis

The growth and development of some animals
involves intermediate forms which are very
different from the adult form. Metamorphosis
is a series of such changes, producing a
complete or partial transformation from the
young form to the adult.

Complete metamorphosis (two different forms between egg
and adult). The many insects which undergo it, e.g. butterflies,
are cafled endopteryogotes.

Male and female spotted
fritillary butterflies of southern
Europe pair up and mate.
Female butterfly lays her eggs
on small plant.

Larva (pl. larvae) emerges from
egg. Has other names, e.g. grub
(beetles), maggot (houseflies),
caterpillar (moths and
butterflies).- Sheds skin several
times to alfow for growth
(process called ecdysis, or molting,
common to all arthropods*).

Final ecdysis (see larva) results
in pupa (pl. pupae). Called
chrysalis in butterflies. Outer
skin is a hard protective case.
The cases surrounding moth
pupae have extra protection

in the form of a cocoon of
spun silk.

Hard case splits and mature
adult (imago) emerges. The
imago searches for a mate,
and the reproductive cyde is
then repeated.

All insects, most marine invertebrates*, e.g.
lobsters, and most amphibians*, e.g. frogs,
undergo some degree of metamorphosis
(intermediate larval forms are common, e.g.
legless tadpoles in frogs and toads). Below
are examples of insect metamorphosis (two
different kinds — complete and incomplete
metamorphosis).

Incomplete metamorphosis (gradual development in stages).

The insects which undergo it, e.g. locusts, are called..
exopterygotes.

Locust nymphs are
called hoppers.

Nymph

Nymph. Emerges from egg. “Mini” version of adult insect, but’
resemblance only superficial, e.g. wings in very early stages of
development or non-existent, many inner organs missing.

Nymph undergoes several ecdyses
(see larva), with some adult ports
emerging each time.

After last ecdysis,
miature adult
(imago) emerges.

* Amphibians, Arthropods, Invertebrates, Vertebrates, 341.
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THE SKELETON

The human skeleton is a frame
of over 200 bones which
supports and protects the body
organs (the viscera) and
provides a solid base for the
muscles to work against.

Cranium or skull

A case protecting the brain and facial
organs. It is made of cranial and
facial bones, fused at lines called
sutures. The upper jaw, for instance,
consists of two fused bones called
maxillae (sing. maxilla).

Cranium -

Suture where bones
have fused

attached by hinge joint*.—%, ..

Rib cage

A cage of bones forming the walls of
the thorax or chest area. It is made

up of 12 pairs of ribs, the thoracic
vertebrae and the sternum. The ribs
are joined to the sternum by bands of
cartilage* called costal cartilage, but
only the first seven pairs join it directly.
The last five pairs are false ribs. The
top three of these join the sternum
indirectly — their costal cartilage joins
that of the seventh pair. The bottom two
pairs are floating ribs, only attached to
the thoracic vertebrae at the back.

Rib cage

Costal cartilage (allows
cage to expand and contract
during breathing)

Sternum

Rib

Thoracic vertebra -
False ribs

Floating rib

*Cartilage, 281; Hinge joints, 280.

Cranium
The bones of
the skeleton
Seven cervical Mandible

vertebrae support the
neck. The top two are
the atlas and axis.

Clavicle or
o collarbone
Scapula or - ) . b
shoulderblade . P g

Sternum or
breastbone

Ribs -

12 thoracic H
vertebrae 4
support the  ; {
i
H

ribs.

The five

vertebrae
are in the
lower back
(lumbar)
region.

the little
finger side)

; Carpals .
(wrist bones),
collectively

called a carpus.

vertebrae ot
the base of the

Metacarpals
f column are
Pl (hand bones),
. fused together .
| collectively called }i
: to form the
- & a metacarpus. ]
: sacrum. H Kt

Coccyx. An area of
four fused coccygeal
vertebrae below

the sacrum.

Femur or
thighbone

[ H4—
\

Patella or
kneecap

Pelvis, pélvic girdle or
hip girdle. Each side is
made up of three bones
— the illum, pubis and
ischium.

+4~ Tibia or
shinbone

Tarsals (ankie bones), -~ Fibula
collectively called a

tarsus.

Metatarsals (foot_-,
bones), collectivély
called a

metatarsus.

Phalanges (sing.
phalanx). The bones
of the digits —

fingers and toes.



ZOOLOGY (HUMANS)
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Typical vertebra (thoracic
vertebra) seen from above

Vertebral column
Also called the spinal
column, spine or
backbone. A flexible
chain of 33 vertebrae
which protects the
spinal cord*, supports
the head and
provides points of
attachment for the
pelvis and rib cage.

Centrum

Pedicles. Short
joining pieces.

*

Vertebral

Superior articular foramen

processes. Form

joints with

vertebra
above.

Transverse
process. For muscle
attachment.

Transverse
process

Inferior articular Spinous process

Vertebral column processes (underneath, not or neural spine.
i visible here) form joints with ' For muscle -
Rib cage vertebra below. attachment.
Vertebra

Typical vertebra (thoracic vertebra)

Vertebrae (sing. — seen from the side

vertebra)
The 33 bones of the
vertebral column. A
typical vertebra has a
thick “chunk” (the
centrum or body), various
projections, or processes

Gap called invertebral
foramen

Invertebral
disk

Vertebra

Facet.
(named below) and a Area where
central hole — the vertebral arbis

. attached. w
foramen (pl. foramina). £

The foramina together
form the neural, spinal
or vertebral canal,
through which the

. f)
spinal cord* runs. &

Centrum

Atlas

Vertebral structure
(from above)

The different vertebrae are named around
the skeleton on the opposite page. The top
24 are movable and linked by invertebral
disks of cartilage*. The bottom nine are W
fused together. They all have the typical ) Ligament*
structure described above right, except for ¢ 1 1
the top two, the atlas and axis. The atlas Axis ;

I . (from above) R Dens
(top vertebra) has a special joint with the ;
skull which allows the head to nod. The
axis has a “peg” (the dens or odontoid
. process) which fits into the atlas. This
forms a pivot joint, a type of joint which
allows the head to rotate.

Dens fits
in here.

* Cartilage, 281; Lig ts, 280; Spinal cord, 302.







R ) ZOOLOGY (HUMANS)

XS

e o, . Spongy bone

, »# - Atype of bone that is found in .
B %gﬁég.gi ¢ short and/or flat banes, e.g. the

. ard . )

Femur &QE ®®y.  sternum*, and fills the ends of
(long bone) QQG@ %5*& long bones, e.g. the femur*. It
Medullary cavity | e p&®E T consists of a criss-cross network
(contains yellow b .82 4 1)

marrow) one , SS&QQﬁ of flat plates called trabeculae
secinming of @yg,f (sing. trabecula), with many large
eqginming o . et .

d,-i,,,,,,,?; or ;%9,’." spaces between them, filled by red
shaft marrow (see bone marrow).

" Trabeculae of Compact bone
spongy bone

(contain red A type of bone that forms the outer layer of
marrow) all bones. It has far fewer spaces than spongy
bone, and is laid in concentric layers
(lamellae, sing. lamella) around channels
Volkmann's called Haversian canals. These link with a

Blood
vessel in
Haversian
canal

‘| Periosteum

Lacuna with ;Z)'(';'V(:;Z;e; complex system of tiny canals carrying blood
osteocyte from outside) vessels and nerves to the osteocytes.

Bone or osseous tissue Bone marrow

A type of tough connective tissue, made hard Two types of soft tissue. Red marrow, found
and resilient by large deposits of phosphorus and  in spongy bone (see bone), is where all new
calcium compounds. The living bone cells, or red (and some white) blood cells are made.

osteocytes, are held in tiny spaces (lacunae, sing.  Yellow marrow is a fat store, found in hollow
lacuna) within this non-living material. There are  areas (medullary or marrow cavities) in long

two types of bone: spongy and compact bone. bone shafts.
Tendons or sinews Bones and connective Tendon
Bands of tough connective tissue tissue in a knee joint

joining muscles to bones. Each is a

continuation of the membrane around

the muscle, together with the outer ~ Patella* (covered
membranes of its bundles of fibers. by periosteum)

Cartilage or gristle Synovial
A tough connective tissue. In some ~ sac
joints (cartilaginous joints) it is the

main cushion between the bones Pad of
(e.g. vertebrae*). In joints with adlpose

. . (fatty) tissue
synovial sacs, it covers the ends of
the bones and is called articular Articular

cartilage. The end of the nose and ~ cartilage

the outer parts of the ears are made
Femur* (covered

of cartilage. You ng skeletons are Tibia® (covered by periosteum)
made of cartilage, though these by periosteum)
slowly turn to bone as minerals Ligament

Fibula* (covered

build up (a process called by

ossification or osteogenesis).

* Femur, Fibula, Patella, Sternum, Tibia, 278;
Vertebrae, 279.






The structure of muscle tissue

The different muscles in the body. are made
up of different kinds of muscle tissue
(groups of cells of different types). The
tissue has many blood vessels, bringing <
food matter to be broken down for £
energy, and nerves, which
stimulate the muscles to act.

Striated or striped muscle
The type of muscle tissue which makes
up skeletal muscles. It consists of long-
cells called muscle fibers, grouped together
in bundles called fascicles. Each
fiber has a striped (striated)
appearance under a
microscope and is made
of many smaller cylinders,
called fibrils or myofibrils, which
are the parts that contract when a fiber

is stimulated by a nerve. The fibrils consist of
interlocking filaments, or myofilaments, of two
different types of protein — actin (thin filaments)
and myosin (thicker filaments). These filaments
slide past each other as a muscle contracts.

(Relaxed) —— '_ ‘, Myosin filaments

Actin filaments

(Contracting)— esestc S
= Filaments slide
past each other.

Skeletal muscle (made
of striated muscle
tissue)

. layer of
muscle
(epimysium)

Fascicle
enclosed by
membrane
(perimysium)

Muscle fiber
enclosed by
membrane
(sarcolemma)

Cardiac muscle
A type of striated muscle tissue, making up

the cardiac muscle of the heart. lts constant
rhythmical contractions are caused by
stimulations from areas of the tissue which
produce electrical impulses. Any nervous
impulses just increase or decrease this heart rate.

Smooth muscle or visceral muscle i
The type of muscle tissue which makes up the
visceral muscles. [t consists of short, spindle-
shaped cells. The way it contracts is not yet
fully understood, but it contains actin and
myosin, and is stimulated by nerves.

Nervous stimulation

Most muscles are stimulated to move by
impulses from nerves running through the
body. For more about this, see pages 308-309.

Muscle spindle

A group of muscle fibers (sce striated muscle)
which has the end fibers of a sensory nerve
cell (sensory neuron*) wrapped around it.
The end fibers are part of one main fiber
(dendron*). When the muscle stretches they
are stimulated to send impulses to the brain,
“telling” it about the new state of tension.
The brain can then determine the changes
needed for any further action.

‘each impulse.

Motor end-plate
The point where the end fibers of an
“instruction-carrying” nerve cell (motor
neuron*) meet a muscle fiber (see striated
muscle). The end fibers are branches from
one main fiber (axon*). This carries nervous
impulses which make.
the muscle contract.
Each impulse is
duplicated and sent
down each end
branch, hence the
whole muscle
recei.ve.s a . vl
multiplication of * pegron*

~ Motor
"" i | end-plate

* Axon, 304; Dendron, 304 (Dendrites);
Motor neurons, Sensory neurons, 305.




Parts of a tooth

Crown

The exposed part of a tooth. It is covered by
enamel. It is the part most subject to damage
or tooth decay.

Root

The part of a tooth that is fixed in a socket in
the jaw. Incisors and canines have one root,
premolars have one or two and molars have
two or three. Each root is held in place by
the tough fibers of a ligament* called the
periodontal ligament. The fibers are fixed to
the jawbone at one end, and to the cement
at the other. They act as shock absorbers.

Dentine or ivory

A yellow substance which forms the second
layer inside a tooth. It is not as hard as enamel
but, like it, has many of the same constituents
as bone. It also contains collagen* fibers and
strands of cytoplasm*. These run out from the
pulp cells in the pulp cavity.

Molar

Gum E——

Neck “ ' Pulp

Root :
canals ' AL \ Ve Tiny

Ligaments, 280;

Incisor

" root

Neck or cervix B
The part of a tooth just below the surface,
lying between the crown and the root.

Enamel

A substance similar to bone, though it is
harder (the hardest substance in the body)
and has no living cells. It consists of tightly-
packed crystals of apatite, a mineral which
contains calcium, phosphorus and fluorine.

Cement or cementum

A bone-like substance, similar to enamel
but softer. It forms the thin surface layer of
the root and is attached to the jaw by the
periodontal ligament (see root).

Pulp cavity

The central area of a tooth, surrounded by
dentine. [t is filled with a soft tissue called
pulp, which-contains blood vessels and
nerve fiber endings. These enter at the base
of a root and run up to the cavity inside root
canals. The blood vessels supply food and
oxygen to the living tissue, and the nerve
fiber endings are pain receptors*.

Chisel-
shaped

1M crown
]

Pulp
cavity

Dentine

Cement
Single






/'BLOOD

Blood is a vital body fluid, consisting of plasma, platelets and §
red and white blood cells. An adult human has about 5.5 liters ~
(9.5 pints), which travel around in the circulatory system* — a

... J
Red
L blood

cells

system of tubes called blood vessels. The blood distributes heat and
carries many important substances in its plasma. Old, dying blood cells
are constantly being replaced by new ones in a process called hemopoiesis.

Blood constituents

Plasma

The pale liquid (about 90% water) which
contains the blood cells. It carries dissolved
food for the body cells, waste matter and
carbon dioxide secreted by them, antibodies
to combat infection, and enzymes* and
hormones* which control body processes.

White
blood cell

Red blood Red blood

cells with cells without

oxygen oxygen g
REST OF BODY

Red blood cells

Also called red corpuscles or erythrocytes.
Red, disk-shaped cells with no nuclei*. They
are made in the bone marrow* and contain
hemoglobin (an iron compound which gives
blood a dark red color). This combines with
oxygen in the lungs to form oxyhemoglobin,
and the bldod becomes bright red. The red
cells pa§s/the oxygen to the body cells (by
diffusion*) and then return to the lungs with
hemoglobin.

Platelets or thrombocytes

Very small, disk-shaped bodies with no nuclei*,
made in the bone marrow*. They gather
particularly at an injured area, where they are
important in the clotting of blood.

White blood cells
Also called white corpuscles or leucocytes.
Large, opaque blood cells, important in
body defense. There are several types.
Lymphocytes, for example, are made in
lymphoid tissue* and are found in the
lymphatic system* as well as blood. They
make antibodies. Other white cells —
monocytes — are made in bone marrow*. They
“swallow up” foreign bodies, e.g. bacteria, in
a process called phagocytosis*. Many of them
(called macrophages) leave the blood vessels.
They either travel around (wandering
macrophages) or become fixed in an organ,
e.g. a lymph node* (fixed macrophages).

Lymphocyte

Bacterium is
{ engulfed

Bacterium

Pseudopodium*

*Bone marrow, 281; Circulatory system, 288; Diffusion, 329; Enzymes, 333; Hormones, 336; Lymphatic system,
Lymph nodes, 293; Lymphoid tissue, 293 (Lymphoid organs); Nucleus, 238; Phagocytosis, 268 (Pseudopodium).



ABO blood groups
The main way of classifying blood. People
with group A blood have A antigen on their
red blood cells (and anti-B antibodies) and
those with group B have B antigen (and anti-A
antibodies). People with group AB have both
antigens (and neither type of antibody) and
those with group O have neither antigen (and
" both types of antibody).

Rhesus factor or Rh factor

A second way of classifying blood (as well

as by ABO blood group). People whose red
blood cells bear the Rhesus antigen are said
to be Rhesus positive. Those without this
antigen are Rhesus negative. Their blood does
not normally contain anti-rhesus antibodies,
but these would be produced if rhesus
positive blood were to enter the body.

Body defense
Antibodies

They are made by lymphocytes (see white
blood cells) to combat antigens (see below)-
in the body. A different antibody is made for
each antigen, and they act in different ways.
Anti-toxins neutralize toxins (poisons). Each
one joins with a toxin molecule, making an
antigen-antibody complex. Agglutinins stick
the bacteria or viruses together, and lysins
kill them by dissolving their outer membranes.

1. Bacteria with antigens 2. Antigen-antibody
complex
-~ A
9
>~ 9
| Toxin
TOX’” Anti-toxin
dies (antibody)
3. Bacteria (and antigens) 4. Lysin ——
sticking together. (antlbody) l
Agglutinin
(antibody) -
—
/ Bacterium
Antigen I breaks down

Antigens

Substances, mostly proteins, which cause
the production of antibodies to combat
them and any infection they may cause.
They may form part of bacteria.or viruses
which enter the body, or they may be toxins
(poisons) released by them. ABO blood
group antigens and antibodies (see above)
are present in the body from birth, ready

to combat foreign blood group antigens.

“Defense” proteins in body fluids, e.g. plasma.

Clotting or coagulation

The thickening of blood into a mass (clot)
at the site of a wound. First, disintegrating
platelets and damaged cells release-a
chemical called thromboplastin. This
causes prothrombin (a plasma protein)

to turn into thrombin (an enzyme*). The
thrombin then causes fibrinogen (another
plasma protein) to harden into fibrin, a
fibrous substance. A network of its fibers
makes up the jelly-like clot.

Blood loss at wound

Piatelets break down.

Piatelets produce Blood vessel

thromboplastin.

Thromboplastin
acts on
prothrombin.

Prothrombin turns
into thr

Fibrinogen  Thrombin Fibrin flbers Clot formed
turns into acts on )
fibrin. fibrinogen.

,ﬁ? E"ﬁ; '~"\t\§; Ca ' : j‘
Clot will dissolve once ———'—OWg RS s e e
W

blood vessel is repaired.

Serum

A yellowy liquid consisting of the parts of the
blood left after clotting. It contains many
antibodies (produced to combat infections).
When injected into other people, it can give
temporary immunity to the infections.

*Enzymes, 333.



THE CIRCULATORY SYSTEM

The circulatory or vascular system
is a network of blood-filled tubés,

or blood vessels, of which there are

three main types — arteries, veins
and capillaries. A thin tissue layer
called the endothelium lines
arteries and veins, and is the only
layer of capillary walls. Blood is
kept flowing one way by the
pumping of the heart, by muscles
in artery and vein walls and by a
decrease in pressure through the
system (Hquids flow from high to
low pressure areas).

in ‘the circulatory system

LUNGS

¥ o

HEART

®
ALL OTHER
ORGANS LIVER
AND TISSUES
A A A
KIDNEYS DIGESTIVE
ORGANS
A A

Arteries, arterioles, m Food and oxygen

capillaries used by organ’s cells
Capillaries; Oxygen
venules, veins @

E Dissolved food matter Carbon dioxide
Newly-digested food

A' Some food stored 0O Waste

Oxygen breathed in,
carbon dioxide out

Some food used

* Waste disposed of
by organ’s cells

Arteries

Wide, thick-walled blood vessels, making up
the arterial system and carrying blood away
from the heart. Smaller arteries (arterioles)
branch off the main ones, and capillaries branch
off the arterioles. Except in the pulmonary
arteries*, the blood contains oxygen (which
makes it bright red). In all arteries it also carries
dissolved food and waste, brought into the heart
by veins, and there transferred to the arteries.
These carry the food to the cells {via arterioles
and capillaries) and the waste to the kidneys.

Artery Hastic
fibrous.

tissue

Outter lgyer

Smooth muscle*

Veins

Wide, thick-walled blood vessels, making up thg
venous system and carrying blood back to the
heart. They contain valves to stop blood
backward due to gravity, and are formed
merging venules (small veins}. These are
formed in turn from merging capillaries. The
blood contains carbon dioxide (except in
pulmonary veins*) and waste matter, both
picked up from body cells by the capillaries.
blood in the veins leading from the digestive
system and liver also carries dissolved food.
This is transferred to the arteries in the heart.

Vein
Cuter loyer. Endothelium
Smooth ) :
muscle* Valve (infolgings
of endothellum
Eiastic and fibrous
fibrous tissue tisstie)
Capillaries

Narrow; thin-walled blood vessels, branching
off arterioles (see arteries) to form a complex
network. Oxygen and dissolved food pass out
through their walls to the body cells, and carbon
dioxide @nd waste pass in (see tissue fluid, page
292). The capillaries of the digestive organs
and liver also pick up food. Capillaries finally
join-up again to form small veins (venules).

Single layer
(endothelium)

* Hepatic portal vein, 297 (Liver); Pulmonary arteries, 291 (Pulmonary trunk);

Pulmonary veins, 291; Smooth muscle, 283.



The main arteries and veins

Vascular means “composed of or cantaining
conducting vessels”. In the case of animals, it
means having a blood supply.

Avascular means “containing no conducting
vessels”. In the case of animals, it means having
no blood supply.

Right subclavian GEery === R
Right subclavian veip=————-
Right cephalic wein
Right brachial stery.
Right brachial vein R

Inferior vena cava™

ZOOLOGY (HUMANS),

The main blood
vessels of thé'héad,
heart and lungs are
named on page 296.

Left subclovi

== [oft subclavian vein

. Left cephalic vein

« Left brachial artery

« Left brachial vein

Hepatic artery-

= Aorta*

Hepatic vein

Hepatic portal vein*

Superior teric vein

Superior ic artery-

ic artery - i

Right renal artery™

Right renal vein*

Celiac artéry

« Gastric artery

s Codeni

plenic artery

Gastric veitr

‘ Splenic vein

Pancreatic

Left renal artery’

Left renal vein*

Right gonadal artery

Right g dat vein

Right common iliac vein

Right common iliac artery

Right femoral vein

femoral artery

R s K -

b,
¥

great vein

Ny,

is a diagram. The organs {yellow
are not in the right places.

Key to organs

@ Heart o Pancreas
@ Lungs @ Intestines
@ Liver o Kidneys

@ Stomach @ Gonads (sex

organs). See

@ Spleen page 316.

* Aorta, 291; Hepatic portal vein, 297 (Liver); Inferior vena cava, 291;

Renal arteries, Renal veins, 300 (Kidneys).

Left gonadal artery

Left g dal vein

Left ¢ non.iliac

Left ¢ W:i“}iuc

Left fa I veinr
Left femoral artery
Left

Left anterior tibial artery

3 — —
Tyt gt

Left f for tibial artery









TISSUE FLUID AND THE
LYMPHATIC SYSTEM

The smallest blood vessels, called capillaries*, are those in the most direct
contact with the individual cells of the body, but even they do not touch the
cells. The food and oxygen they carry finally reach the cells in tissue fluid,

a substance which forms the link between the circulatory system* and the
body’s drainage system, known as the lymphatic system.

Tissue fluid

Also called intercellular or
interstitial fluid. A fluid which
surrounds the body cells. It seeps
out from the blood through the
walls of capillaries* (mainly at their
high-pressure ends, after they have
branched from arterioles*) and is

essentially plasma*, though with fewer =3
proteins. It carries oxygen and dissolved food
to the body cells, and carbon dioxide and Group of lymph
waste matter away from them. These latter nodes in armpit £
" substances enter the capillaries (mainly at their Area drained by
low-pressure ends, before they form venules*). jgzt lymphatic |
The protein molecules not needed by the i )
cells are too large to re-enter the capillaries. Subcle / :
They pass, with some of the waste, into the veins \
lymph capillaries (see lymph vessels), whose
walls are more easily penetrated.
Movement of substances in tissue fluid A
From heart .
- e To neck area N X / y
" — Lymph node -
Lymph nodes
-~ Lymphatic grouped together
" rd
Lymph N
” coptiery el
> - —- 4
-~
- -
/5 * Blood ) ‘
sl Tissue fluid with oxygen and food
Body celis * - * Tissue fluld with carbon dioxide
and waste
Proteins and some waste
heart * Lymph

The lymphatic system

Thoracic duct

Right .

. Area drained by
lymphatic thoracic duct
duct

* Arterioles, 288 (Arteries); Capillaries, 288; Circulatory system, 288

Plasma, 286; Subclavian veins, 289; Venules, 288 (Veins).




Lymphatic system

A system of tubes (lymph vessels) and small
organs (lymphoid organs), important in the

" recycling of body fluids and in the fight
against disease. The lymph vessels carry the
liquid lymph around the body and empty it
back into the veins*, and the lymphoid organs
are the source of disease-fighting cells.

Lymph

The liquid in lymph vessels. It contains
lymphocytes (see lymphoid organs), some
substances picked up from tissue fluid
(especially proteins such as hormones*
and enzymes*) and also fat particles (see
lymph vessels).

ZOOLOGY (HUMANS)

Lymph vessels or lymphatic vessels
Blind-ended tubes carrying lymph from
all body areas toward the neck, where it

- is emptied back into the blood. They are

lined with endothelium*, and have valves
to stop the lymph from being pulled back
by gravity.

The thinnest lymph vessesls are lymph
capillaries, and include the important
lacteals*, which pick up fat particles (too
large to enter the bloodstream directly). The
capillaries join to form larger vessels called
Iymphatics, which finally unite to form two
tubes — the right lymphatic duct (emptying into
the right subclavian vein*) and the thoracic
duct (emptying into the left subclavian vein*).

Lymphoid organs

The lymphoid organs, or lymphatic organs,
" are bodies connected to the lymphatic
system. They are all made of the same type
of tissue (lymphoid or lymphatic tissue)
and they all produce lymphocytes* —
disease-fighting white blood cells.

Lymph nodes or lymph glands

Small lymphoid organs found along the
course of lymph vessels, often in groups,

e.g. in the armpits. They are the main sites of
lymphocyte production (see above) and also
contain a filter system which traps bacteria
and foreign bodies. These are then engulfed
by white blood cells (fixed macrophages*).

Spleen ‘
The largest lymphoid
organ, found just below
the diaphragm* on the
left side of the body. It
holds an emergency h
store of red blood cells 13 -
and also contains
white blood cells
(fixed macrophages*)
which destroy foreign
bodies, e.g. bacteria,
and old blood cells.

Position of spleen

Thymus gland

A lymphoid organ in the upper part of the
chest. It is fairly large in children, reaches
its maximum size at puberty* and then
undergoes atrophy, i.e. it wastes away.

Tonsils

Four lymphoid organs: one pharyngeal
tonsil (the adenoids) at the back of the
nose, one lingual tonsil at the base of the
tongue and two palatine tonsils at the
back of the mouth.

Pharyngeal tonsil

Palatine tonsils

Palatine
tonsils

Lingual
tonsil

*Diaphragm, 298; Endothelium, 288; Enzymes, 333; Fixed macrophages, 286 (White blood cells); Hormones, 336;
Lacteals, 295 (Small intestine); Lymphocytes, 286 (White blood cells); Puberty, 318; Subclavian veins, 289; Veins, 288.












Liver
The largest organ.
One of its many
roles is that of a
digestive gland, secreting
bile (see chart, pages 338-
339) along the common
hepatic duct. Another vital job
is the conversion and storage of
newly-digested food matter (see diagram,
page 331), which it receives along the
hepatic portal vein (see picture, page 289). ~
In particular, it regulates the amount of
glucose in the blood. It also destroys worn-
out red blood cells, stores vitamins and iron,
and makes important
blood proteins.

Left lobe

 PANCREAS

Pancreas
A large gland which is both a

digestive gland and an endocrine gland.
It produces pancreatic juice (see chart,
pages 338-339), which it secretes along the
pancreatic duct, or duct of Wirsung. It also
contains groups of cells called the islets of
Langerhans. These make up the endocrine
parts of the organ, and produce the
hormones* insulin* and glucagon*.

Gall bladder

A sac which stores bile (made in the liver)

in a concentrated form until it is needed (i.e.
until there is food in the duodenum®*). lts
lining has many folds (rugae, sing. ruga)
which flatten out as it expands. When
needed, the bile
is squeezed
along the
cystic duct
and the
common
bile duct.

Gall bladder
(cut away)

g

Cystic duct

ZOOLOGY (HUMANS)

Endocrine glands

Endocrine or ductless glands are glands which
secrete substances called hormones directly into
the blood (i.e. blood vessels in the glands). For
more about hormones, see pages 336-337. The
glands may be separate bodies (e.g. those below)
or cells inside organs, e.g. in the sex organs.

Pituitary gland

Also called the pituitary body or hypophy5|s A
gland at the base of the brain, directly influenced
by the hypothalamus* (see also hormones, page
336) and made up of an anterior (front) lobe
(adenohypophysis) and a posterior (back) lobe
(neurohypophysis). Many of its hormones are
tropic hormones, i.e. they stimulate other glands
to secrete hormones. It makes ACTH, TSH, STH,
FSH, LH, lactogenic hormone, oxytocin and ADH.

Thyroid gland
A large gland around the larynx*. It produces
thyroxin and thyrocalcitonin. '

Parathyroid- glands -
Two pairs of small glands embedded in the
thyroid gland. They produce PTH.

Brairt: Hypothalamus
Pineal gland Pituitary
Thyroid gland gland
Parathyroid Anterior
glands (at the lobe

back)

Posterior .
lobe

— Pancreas

Kidney

Adrenal glands or suprarenal glands

A pair of glands, one gland lying above each
kidney. Each has an outer layer (cortex),
producing aldosterone, cortisone and
hydrocortisone, and an inner layer (medulla),
producing adrenalin and noradrenalin.

Pineal gland

Also called the pineal body. A small gland at
the front of the brain. lts role is not clear, but

it is known to secrete melatonin, a hormone
thought to influence sex hormone* production.

*Duodenum, 295 (Small intestine); Glucagon, Hormones, 336;
Hypothalamus, 303; Insulin, 336; Larynx, 298; Sex hormones, 336.







Bronchi (sing. bronchus)

The main tubes into which the trachea
divides. The first two branches are the right
and left primary bronchi. Each carries air into
a lung (via a hole called a hilum), alongside a
pulmonary artery* bringing blood in. They
then branch into secondary bronchi, tertiary
bronchi and bronchioles, all accompanied by
blood vessels, both branching from the
pulmonary artery and merging to form
pulmonary veins* (blood going out).

Bronchioles

The millions of tiny tubes in the lungs, all
accompanied by blood vessels. They branch
off tertiary bronchi (see bronchi) and have
smaller branches called terminal bronchioles,
each one ending in a cluster of alveoli.

Alveoli (sing. alveolus)

The millions of tiny sacs attached to
terminal bronchioles (see bronchioles).
They are surrounded by capillaries* (tiny
blood vessels) whose blood is rich in
carbon dioxide. This passes out through
the capillary walls, and in through those of
the alveoli (to be breathed out). The oxygen
which has been breathed into the alveoli
passes into the capillaries, which then begin
to merge together (eventually forming
pulmonary veins*).

Terminal
bronchioles

Tertiary
bronchus

Bronchial means
“of the bronchi or
bronchioles.”

Capillaries*

Cluster of
alveoli

From pulmonary
artery*

* Capillaries, 288; Meiiulla, 303;

ZOOLOGY (HUMANS)

Breathing

Breathing is made up of inspiration
(breathing in) and expiration (breathing
out). Both actions are normally automatic,
controlled by nerves from the respiratory
center in the medulla* of the brain. This
acts when it detects too high a level of
carbon dioxide in the blood.

Inspiration or inhalation

The act of breathing in. The diaphragm
contracts and flattens, lengthening the
chest cavity. The muscles between the ribs
(intercostal muscles) also contract, pulling
the ribs up and outward and widening the
cavity. The overall expansion lowers the air
pressure in the lungs, and air rushes in to
fill them (i.e. to equalize internal and
external pressure).

Inspiration

‘Oxygen> J :

in Intercostal muscles
contract, pulling ribs

up and outward.

Diaphragm
flattens

Expiration or exhalation

The act of breathing out. The diaphragm
and intercostal muscles (see inspiration)
relax, and air is forced out of the lungs
as the chest cavity becomes smaller.

Expiration e

Carbon’ ?‘ :

dioxide out Intercostal muscles
relax, ribs move down

and inward.

Diaphragm relaxes

Pulmonary arteries, 291 (Pulmonary trunk); Pulmonary veins, 291.















THE UNITS OF THE
NERVOUS SYSTEM

The individual units of both the brain and -
spinal cord (central nervous system*) and the nerves of the
rest of the body (peripheral nervous system) are the nerve

cells, or neurons. They are unique in being able to transmit
messages” (the vital nervous impu

around the body. Each neuron consists of a cell

body, an axon and one or more dendrites, and

- there are three types of neuron — sensory,

I/l

electrica

assoctation and motor neurons.
The parts of a neuron

Cell body or perikaryon

_The part of a neuron containing its nucleus*
and most of its cytoplasm*. The cell bodies
of all association, some sensory and some
motor neurons lie in the brain and spinal

- cord. Those of the other sensory neurons are
found in masses called ganglia* or as part of
highly specialized receptors* in the nose
and eyes. Those of the other motor neurons
lie in autonomic ganglia*.

Nerve fibers

The fibers (axon and dendrites) of a
neuron. They are extensions of the
cytoplasm* of the cell body and carry the
vital nervous impulses. Most of the long
nerve fibers which run out round the body
(belonging to sensory or motor neurons)
are accompanied by neuroglial* cells.
These are called Schwann cells and they
produce a sheath of myelin* around

each fiber.

-

Dendrites :

The nerve fibers carrying impulses toward a
cell body. Most neurons have several short
dendrites, but one type of sensory neuron
has just one, elongated dendrite, often
called a dendron. The endings of these
dendrons form receptors* all over the body,
and the dendrons themselves run inward to
the cell bodies (which are found in ganglia*
just outside the spinal cord).

An association neuron,
found in the brain and
spinal cord (see page 305)

Myelin sheath of
Schwann cell

Typical sensory neuron

'Dendron Cell body

0y

Long i
End branches o distance
N '

form receptor "
M Axon
Node of Ranvier \ o
(constriction of myelin e

sheath between e
Schwann cells)

Nucleus*

End branches N

Typical association |
neuron (in gray
matter*, so no
myelin sheath)

Cell body

Nucleus*

Typical motor neuron

End branches
stimulate
effectors —]

Dendrites

End branches . . % s

Axon

The single long nerve fiber which carries
impulses away from a cell body. The axons of
all association and sensory neurons and some -
motor neurons lie in the brain and spinal cerd.
Those of the other motor neurons run out of the
spinal cord to autonemic ganglia*, or further to
effectors (see motor neurons).

* Autonomic ganglia, 309; Central nervous system, 302; Cytoplasm, 238;
Ganglia, 306; Grey matter, Myelin, 302 (Neuroglia); Nucleus, 238; Receptors, 307.
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o From ;g
Types of neuron receptor' | {11 [ 6ynapses
’ l The tiny areas where the branching ends
Sensory neurons or afferent neurons " j; of the axon of one neuron meet the
H " . ” &
The neurons which carry lnformatlon i} dendrites of the next. When an impulse
. (nervous impulses) about sensations. i reaches the end of the-axon, a chemical
. . i ’
;r:r?];':egrﬁo(if/n:"tsn(sdf::mm) of f / f called a neurotransmitter is released into
eu : .
. Long the minute gap (synaptic cleft or gap)
~__throughout the body, and their distance found at the junct);oanhen enofgf?of
er?dlngs fire off impulses when l i this has reached the other side, an impulse
stimulated. For more about s sent on in the dendrites .

these endings (receptors) and
the different sensory neurons,
see pages 306-307.

Dendron

Synapse Impulse coming along

Cell axon branch

End of axon branch,
called synaptic knob

Neurotransmitter released ~ N
. . : “_le
Axon into synaptic cleft or gap L

Neurotransmitter
builds up in end of
‘ dendrite branch

Sensory neurons

(only one shown)
—— bring impulses from

eyes and fingers.

Impulse
sent on

Motor neurons or efferent neurons

The neurons which carry “instructions”
(nervous impulses) away from the brain and

) spinal cord. The ends of the axons of some
=~ motor neurons make connections with muscles
or glands (called effectors), and the impulses
they carry (passed onto them from association
neurons) stimulate these organs into action. For
more about the different motor neurons, see
pages 308-309.

Association neurons —
(only one shown)
analyze information

and operate in
decision-making.

\

Cell body

Association neurons

Also called relay, internuncial or
connecting neurons, or interneurons.
Special linking neurons, present in
vast numbers in the brain and spinal
cord. They are involved in picking up
impulses (from sensory neurons),
interpreting the sensory information,
and passing impulses to motor Dendrite -
neurons to initiate actions. : To muscles sy,

Motor neurons (only one
shown) carry impulses to
arm and jaw muscles.

Vl Long distance

*Receptors, 307.



NERVES AND NERVOUS PATHWAYS

The sensitivity (irritability) of the body (its ability to respond to stimuli)
relies on the transportation of “messages” (nervous impulses) by the fibers
of nerve cells (neurons*). The fibers which bring impulses into the brain
and spinal cord are part of the afferent system. Those which carry
impulses from the brain and cord are part of the efferent system (see
pages 308-309). The fibers outside the brain and cord make up the nerves
of the body, known collectively as the peripheral nervous system (PNS).

Nerves

Bundles of nerve fibers, blood vessels and
connective tissue*. Each nerve consists of
several bundles (fascicles) of fibers and each
fiber is part of a nerve cell (neuron*). Sensory
nerves have just the fibers (dendrons*) of
sensory (afferent) neurons*, motor nerves
have just the fibers (axons*) of motor
(efferent) neurons*, and mixed nerves have
both types of fiber.

Mixed  Outer sheath Fascicle
nerve (epineurium)

Fibers (some belong to

sensory neurons”,
others to motor Fascicle sheath Fiber sheath

neurons*) (perineurium) (endoneurium)

The afferent system

The afferent system is the system of nerve
cells (neurons*) whose fibers carry sensory
information (nervous impulses) toward the
spinal cord, up inside it and into the brain.
The nerve cells involved are all the sensory
(afferent) neurons* of the body. The
impulses originate in receptors and are
interpreted by the brainh as sensations.

6. Association

neuron* in higher
brain interprets

impulses as
sensation of
touch.

5. Axon* of third

—

order sensory neuron
carries impulses to

higher areas of brain.

Section of
spinal cord =

Cell bodies* of first

order sensory neurons

lie.in bulging masses

(ganglia, sing.

ganglion) in dorsal
roots of spinal nerves*,

Long distance
" (inside nerve)

-

s

T}—‘— 1. Receptor in skin (Meissner’s

Tactile means
“perceptible by
the sense of
touch”.

4. Axon* of second
order sensory neuron
passes impulses to
dendrites* of third
order sensory neuron
; ~in fower brain.

3. Axon* of first order
sensory neuron passes
impulses to dendrites*

' of second order

sensory neuron.

2. Dendron* of first
Afferent
order sensory
neuron carries. fmeans
impulses towar;i leading
P toward”,

spinal cord.

corpuscle*) stimulated by contact,

The routes taken by nervous .
impulses are neural
pathways. The diagram above
shows a simplified neural
pathway of the afferent
system. Only one of each type
of meuron* js shown (in reality,
there would be more involved).

* Association neurons, 305; Axon, Cell body, 304; Connective tissue, 280; Dendron, 304 (Dendrites);
Meissner’s corpuscles, 311; Motor neurons, 305; Neurons, 304; Sensory neurons, 305; Spinal nerves, 302 (Spinal cord).



Receptors

The parts of the afferent system which fire off
nervous impulses when they are stimulated.
Most are either the single branched ending of
the long dendron* of a first order sensory
neuron (see.picture) or a group of such
endings. They are all embedded in body
tissue, and many have some kind of structure
formed around them (e.g. a taste bud — see
tongue). They are found all over the body,
both near the surface (in the skin, sense
organs, skeletal muscles*, etc.) and deeper
inside (connected to inner organs, blood
vessel walls, etc.).

Sense organs

The highly specialized sensory organs of the
body, each with many receptors. They are the
nose, tongue, eyes and ears. For more about
eyes and ears, see pages 312-315.

Divisions of the afferent system

Central and

peripheral nervous
ins. Alf nerve

ZOOLOGY (HUMANS)

Efferent system. Nerve
celfs takirtg impulses
down and out (see
pages 308-309).

Afferent system.
Nerve cells bringing
impulses in and up.

Visceral afferent
system. Nerve celfs

Somatic afferent
system. Nerve cells

bringing impulses bringing impulses
from receptors near ff om receptors deep
bady surface and inside body.

skeletal muscles*,

Nose

The organ of smell. Each of its two nostrils
opens out into a nasal cavity which is lined
with mucous membrane* and has many
olfactory hairs extending from its roof. The
hairs are the dendrites* of special sensory
neurons* called olfactory cells. These

are the receptors whose impulses are
interpreted by the brain as sensations

of smell (olfactory sensations).

Sinus (air-

Olfactory bulb Axons* af olfactory cells
filled cavity)

(bulging mass of ~ pass through bone roof
nerve cells —only ~ of cavity.
a few shown) Axons* meet

\ association neurons*

Cell body*
of offactory §
cell

Offactory
hairs
(dendrites* of
olfactory cell)

Hard palate
Nasal means (bony roof
“of the nose”. af mouth)
Oral means Soft palate
“of the mouth”, | (oftflap L f
of tissue) -
Lingual means | Mouth cavity — =
“of the tongue”. | (oral or buccal

cavity)

Cross section of
tongue

Taste bud

Pharynx*

Taste buds fic
in channels

.‘ﬂia"'-"a-g,» d

To brain |

3

Knobbly surface (the knobs are
called papillae, sing. paplila)
Hole called a gustatory
(taste) pore

“Hairs” from special ceffs
make contact with
substances on tongue.

Receptors (de:;dmn*
endings) send impulses.
Tongue

The main organ of taste. It is a muscular
organ which bears many taste buds. These
tiny bodies contain the receptors whose
impulses are interpreted by the brain as
taste sensations (gustatory sensations).

* Association neurons, 305; Axon, Cell body, 304; Dendron, 304 (Dendrites);
Mucous membrane, 295; Pharynx, 294; Sensory neurons, 305; Skeletal muscles, 282.













Structures in the skin

1. Meissner’s corpuscles
Bodies formed around nerve fiber endings.
There are especially large numbers on the
fingertips and palms. They are touch
receptors*, i.e. they send impulses to
the brain when the skin makes —
contact with an object. :

2. Sebaceous glands

Exocrine glands* which open
into hair follicles. They produce
an oil called sebum which
waterproofs the hairs and
epidermis and keeps

them supple.

3. Hair erector muscles
Special muscles, each
attached to a hair follicle.
When they contract (in the
cold), the hairs straighten. This
traps more air and improves
insulation (especially in
animals with lots of hair,
feathers or fur). It also causes
“goose-pimples”.

4. Hair follicles
Long, narrow tubes, each containing
a hair. The hair grows as new cells are
added to its base from the cells lining
the follicle. Its older cells die as keratin
forms inside them (see stratum
corneum).

5. Pain receptors

Nerve fiber endings in the tissue of most
inner organs and in the skin (in the
epidermis and the top of the dermis). They
are the receptors* which send impulses
when any stimulation (e.g. pressure, heat,
touch) becomes excessive. This is what
causes a sensation of pain.

6. Hair plexuses or root hair plexuses
Special groups of nerve fiber endings. Each
forms a network around a hair follicle and
is a receptor*, i.e. it sends nervous
impulses to the brain, in this case when
the hair moves.

* Capillaries, 288; Exocrine glands, 296;
Receptors, 307; Urea, 300.

ZOOLOGY (HUMANS)

— Epidermis Tiny hole, or pore

Hair shaft

Sweat duct

Subcutaneous layer
(subcutaneous means
“beneath the skin’, i.e.

(blood vessels o b, #
niot shown)

as part of the skin).

7. Sweat glands or sudoriferous glands
Coiled exocrine glands* which excrete
sweat. Each has a narrow tube (sweat duct)
going to the surface. Sweat consists of water,
salts and urea*, which enter the gland from
the cells and capillaries* (blood vessels).

8. Pacinian corpuscles

Special bodies formed around single nerve
fiber endings, lying in the lower skin layers
and the walls of inner organs. They are
pressure receptors*, i.e. they send impulses
to the brain when the tissue is receiving
deep pressure rather than light touch.

this layer is not regarded




THE EYES

‘The eyes are the organs of sight, sending nervous impulses to the brain

when stimulated by light rays from external objects. The brain interprets the
impulses to produce images. Each eye consists of a hollow, spherical capsule
(eyeball), made up of several layers and structures. It is set into a socket in
the skull (an orbit), and is protected by eyelids and eyelashes.

Sclera or sclerotic coat.
The “white” of the eye.
Tough, fibrous and
opaque, with blood.
vessels,

»
e

e

iy

* like. Fills space called posterior cavity. Keeps shape of eyeball,
a

protects nervous layer (retina) and helps to “bend” (refract) light.

Aqueous humor. Watery liquid with sugars, salts and proteins.
Fills space called anterior cavity. Protects lens and nourishes
Blood vessels front of eye. Constantly drains away and is replaced.
Iris. Opaque disk of tissue, with blood vessels and central hole
(pupil). Contains muscle fibers, some in concentric circles,
others which radiate out from center to edge. Former
contract to decrease pupil size (in bright light), latter
contract to increase it (in dim light). Has various amounts
of pigment*, producing eye colors.

E Pupil. Central hole in iris.

Lens

Cornea. Transparent continuation of sclera. Protects front
of eye and “bends” (refracts) light rays onto lens.

Optic nerve - . . :
. it Conjunctiva. Thin mucous membrane*. Lines eyelids and
covers cornea.

Retina

Fibers of suspensory ligament (see lens)

Choroid or choroid coat.
Layer of tissue with blood
vessels and dark plgment*.
Pigment absorbs light to
stop reflection back out.

Ciliary body. Muscular ring (smooth muscle*) round lens.
Contracts to make lens smaller (in diameter) and fatter (fibers
of suspensory ligament relax). Relaxes to make lens larger
and thinner (fibers tighten). Together with muscles of iris,

— Rectus muscle known as intrinsic eye muscles.

-

Muscles of ciliary

Accommodation
Lens body contract.

The transparent body whose role, like
that of any lens, is to focus the light rays
passing through it, i.e. “bend” (refract)

. . n L— Light rays
them so that they come to a point, in from close
this case on the retina (for more about - o — object

lenses and refraction, see pages 50-53). :

A lens consists of many thin tissue \ /{\i‘;"’ S:;’” and fat
layers and is held in place by the fibers Upside-down image hlg‘e;r,s" e"iulsozj::ory
of a ligament* called the suspensory formed on retina
ligament. These join it to the ciliary
body, which can alter the lens shape so
that light rays are always focused on the
retina, whatever the distance of the
object being looked at. This is known
as accommodation. The rays form an
upside-down image, but this is
corrected by the brain.

Muscles of ciliary
body relax. Long

,7 distance

Light rays from

Lens flat
and thin

t distant object

Fibers of suspensory
ligament pulled tight.

*Ligaments, 280; Mucous membrane, 295;
Pigments, 255; Smooth muscle, 283.

Rectus muscle Vitreous humor. Fluid similar to aqueous humor, but stiff and jely-






THE EARS

The two ears are the organs of hearing and balance. Each one is divided
into three areas — the outer ear, the middle ear and the inner ear.

Outer ear or external ear

An outer “shell” of skin and cartilage* (pinna
or auricle), together with a short tube (ear canal
or external auditory canal). The tube lining
contains special sebaceous glands* (ceruminous
glands) which secrete cerumen (ear wax).

Middle ear or tympanic cavity

An airfilled cavity which contains a chain of
three tiny bones (ear ossicles or auditory
ossicles) called the malleus (or hammer),
incus (or anvil) and stapes (or stirrup).

by thin layer of tissue. .
. A

Eardrum or
tympanic

i_membrane. Thin 3{& i £

Eustachian tube or
auditory tube. Air-filled
tube leading to pharynx™.

Semicircular

Oval window or fenestra ovalis.
Oval-shaped hole in skull, coveredy g=

Inner ear or internal ear

A connected series of cavities in the skull,
with tubes and sacs inside them. The cavities
(cochlea, vestibule and semicircular canals)
are called the bony labyrinth and are filled
with one fluid (perilymph). The tubes and
sacs are filled with another fluid (endolymph)
and are called the membranous labyrinth.
They are the cochlear duct, saccule, utricle
and semicircular ducts.

— Semicircular ducts

- Nerve

Vestibule.
Central cavity
of inner ear.

or fenestra

Keeps air pressure on both rotunda. Round Cochlear duct
T sides of eardrum the same. hole in skufl, covered by
Opens to pharynx if thin layer of tissue.
adjustments are to be made.
l Outer ear - I Middle eﬂrJI Inner ear
i H ' Scala vestibuli or vestibular
The Inner ear and hearlng g canal. Channel filled with
perilymph. Runs up and around Tectorial

Cochlea

A spiralling tubular cavity, part of the inner
ear. |t contains perilymph (see inner ear) in
two channels (continuous with each other),
and also a third channel — the cochlear duct.

Cochlear duct

A spiralling tube within the cochlea, connected
to the saccule. [t contains endolymph (see
inner ear) and a long body called the organ
of Corti. This contains special hair cells whose
hairs project into the endolymph and touch a
shelf-like tissue layer (tectorial membrane).
The bases of the cells are attached to nerve
fibers (dendron* endings).

to apex of spiral where it membrome
does a U-bend and
becomes the
scala

tympani.

Nerve fibers
duct
Scala tympani or
tympanic canal.

Channel filled with
perilymph running
down and around

from apex of spiral.

Organ of
Corti

Hair cefs

* Cartilage, 281; Dendron, 304 (Dendrites);
Pharynx, 294; Sebaceous glands, 311.















Copulation

Also called coitus or sexual intercourse. The
insertion of the penis* into the vagina*,
followed by rhythmical movements of the
pelvis in one or both sexes. Its culmination in
the male is ejaculation — the ejection of semen

from the urethra* (in the penis) into the vagina.

Semen consists of sperm (male sex cells) and a
fluid mixture (seminal fluid).

Seminal
. vesicle*

Penis* in
vagina®

Sperm duct*

Fallopian
tube*

Ovary*
Sperm expelled ™ -
via urethra*

Ttea

Uterus*

Fertilization
A process which .
occurs after
ejaculation if the
sperm (male sex
cells) meet an ovum

. fuse
{female sex cell) ina  nudcleus.
‘Fallopian tube*. One
sperm penetrates the is

ovum’s outer skin (zona left

pellucida). Its nucleus* fuses

with that of the ovum, and the

first cell of a new baby (zygote*) is
formed. The new cell travels toward the
uterus*, undergoing many cell divisions

(cleavage*) as it does so. The ball of cells
formed from these divisions then becomes

embedded in the uterus wall (implantation),

after which it is called an embryo*.

P&egnancy

Placenta. “Feeds” fetus. Oxygen and food matter pass from
mother’s arteries* into spaces and then inta fetal vein. Carbon
dioxide and waste pass the other way, to be carried away by
W veins*. Placenta afso produces progesterone”.

Pregnancy, or gestation, is the state
of carrying young. The time between =~ -
fertilization and giving birth

(parturition) is the gestation period’ { i |
(about 9 months in humansj and - Mother's blood  Intervillous
the new developing ) ] vessels spaces. Filled

with blood
from mother’s
blood vessels.

individual in the

is called a fetus, a term
usually used instead: of
embryo* after about
two months of
pregnancy. A series

of powerful o
contractions called
labor occur just

before parturition.

Chorionic villi.
Finger-like
projections
containing
blood vessels
leading from
umbilical cord.

Layer of tissue
called chorion

Fetus
(eight months)
Earlier on, there
is a gap between
the amnion
and chorion.

Thin layer of tissue
called amnion

Umbilical cord. Attaches fetus
to placenta. Contains two
arteries* and one vein*,

Amniotic sac containing
cushioning ic fluid.

* Arteries, 288; Cleavage, 320 (Embryo); Fallopian tubes, 317; Nucleus, 238; Ovaries, 317; Penis, 316; Progesterone, 336;

Prostate gland, Seminal vesicles, Sperm ducts, Testes, 316; Urethra, 300; Uterus, Vagina, 317; Veins, 288; Zygote, 320.




which occurs in all hvmg things. The two main types
are sexual and asexual reproduction, but there is also
a specnal case called alternation of generations.

o Sexuai reproduction

Sexuai reproduction  the type of
teproduction shown by all flowering plants
and maost animals. It involves the joining

~(fusion) of two gametes (sex cells), one male

~-and one female. This process is called
fertilization, and is further described on pages
-258 {flowering plants), 319 thumans and
simitar animals) and 276 (other animals).
The two gametes each have only half
the number of chromosomes*
- {called the haploid number*) as the

- plant or animal which produced

- them. This is achieved by a

e specnal kind of cell division {see

- .pages 322-323) and ensures that
when the gametes come together,
the new individual produced has
~the correct, original number of

E Chromosomes {called the
ol ,}dlplmd number*)

. Gametes or germ cells
“The sex cells which join- in‘sexual -

e . reproduct[on o forma new living thmg.

~ Theyaré made by a special kind of celt
_division- (see pages 322-323). In animals
- and simple plants, male gametes are
known as sperm, short for spermatozoa
{sing. spermatozoon) in animals and
spermatozooids in simple plants. In
flowering plants, they ‘are just nuclei* {rather
‘than cells) and are called male nuclei (see
-also pages 258 and 323). Female gametes
are called ova (sing. ovum) or egg cells (egg
‘cell is-usually used in the case of plants). A
sperm is. smailer than an ovum and has a
“tail” (flagellum*).

Zygote

The first cell of a new hiving thing. It is
formed when a male ananfemaie gamete join
{see sexual reproduction).

=
H
2
#

Sexual reproduction in humans

Sperm fertilizes oviun fo
form zygote.
2. Cell divides in two
by mitosis*

. @ «
'y @2
3 4 4. Cells continue to
L g div{xie, toform a
morula, then g’
blastocyst which
becomes embedded irt
the wall of the uterus*.
Embryo

A new developing mdnnduat It grows

one cell {the zygote) by a series of cell
divisions (see pages 240-241) called cleavage.
In humans, this first produces a bail of cells
{morula) from the and then a
larger, hollow ball {blastocyst).

After implantation*, this is

caled the embryo.

As it grows, the

cells become

differentiated, i.e.

each develaps into

one kind of celt,

e.g. a nerve cell.

Human embryo
(at eight weeks)

* Chromosomes, 324; Diploid number, 240 (Mitosis); Flagella, 268; Haploid number, 322 (Meiosis);

Implantation, 319 (Fertilization); Nucleus, 238; Uterus, 317.
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Asexual reproduction is the simplest form
of reproduction,.occurring in. many simple
plants.and animals. There are a number of

' different types, e.g. binary fission (a simple -

organism dividing info two identical oney),
vegetative reprodtzctmn* gemmatmn and

“sporulation, but they all share two main

features. Firstly, onfy one parent is needed

and secondly, the new individual is

always genetically identical to this parent.

~Gemmation -

Called budding in animals.  type of
asexual reproduction occurring in many
simple plants and animals, e.g. hydra.

It involves the formation of a group of

 cells which grows out of the organism

and develops into @ new md;vrdualf. It
either breaks away from the pare
{in colonial*-animals, e.g. corals

stays attached {though seif—contamed)

Bud forms-on Bud Bud separates
parent organism: grows. from parent.

T-‘Sporuiatmn
" The production of =
“bodies called sgm‘es :

by simple plants, =
“e.g. fungi and mosses. P9 i -

- Spares af thfs cemméh
After dispersal-by wind el & complet fong us}
or-water, these develop - disperse through o hole

into new plants. There are that forms in the ball
kind of cell division (see pages 322-323) which
simple fungi by ordinary cell division 4(5,ee pagesﬁ_' e
240-2471). The spores develop into plants which

“needed in both cases, true asexual reproduction -

two types of spores. ‘One type is. produced (e g w
in‘complex fungi, mosses and ferns) by a spe 131 = :

is a feature of sexual reproduction. The new - fabe
plants dre not the same as the parent see

alternation of genera{mns) Another kind of g
spore, however, is produced in plants such as

are-identical to the parent (an important feature of
asexual reproductmn} ‘Although only one parent i ss

really. only occurs. with the _second type.

Simple fungus
(bread mold) —

Spore capsule ._{

{(sporangium)
cut-away

Mesh of
threads
(mycelium)

Alternation of generations

A reproductive process found in many
simple animals and plants, e.g. jellyfish and
mosses. In the animals, a form produced by
sexual reproduction alternates with one
produced asexually. In the plants, though,
the alternation is really between two stages
of sexual reproduction. One plant body
(gametophyte) produces another
(sporophyte) by sexual reproduction. This
then produces spores (see sporulation)
which grow into new gametophytes.
However, the spores are made in the same
way as gametes (see pages 322-323) and
they (and the gametophytes) have only half
the original number of chromosomes*. The
gametophytes produce gametes by ordinary
cell division (see pages 240-241), as there is
no need to halve the chromosomes again.

" receive male

Gametophyte (main plant
body). Has haploid number*
of chromosomes*.

Alternation of
generations (moss)

v

Archegonlum Antheridium
(female organ) (male organ)
cut away

cut away

New gametophyte grows
from protonema.

Wateﬁlled Spores disperse. Each develops Water-filled
rosette into small growth (protonema). rosett£
Archegonl Spor ium (capsule). —§ Antheridium
produces female  Spores formed inside by produces male

gametes (by special cell division, giving
ordinary cell each haploid number* of
division). These chromosomes*.

gametes (by
ordinary celf
division). They
are splashed
by rain into

L archegonium,
where they
“swim"” to
female gametes.

gametes which
“swim” to them
in rainwater

Gametes fuse, forming
sporophyte (stalk (seta) .
N and capsule growing on
\./VhICh collects gametophyte). Has
in rosette. diploid number of

|'_} chr

A

* Chr , 324; Colonial, 342; Diploid number, 240 (Mitosis);
Haploid number, 322 (Meiosis); Vegetative reproduction, 263.




LL DIVISION FOR REPRODUCTION

. Maﬂy ceﬂs within a living thing can divide to produce new cells for growth
~—and repair (see pages 240-241). There is, however, a second type of cell
~ division, which happens specifically to produce the gametes* (sex cells)
“needed for sexual reproduction” (and also one of the two types of spores™).
“The division of the nucleus* in this type of cell division is called meiosis.
The production of gametes, including both the cell division and the

“Meiosis
The division of the nucleus* when a celi

divides to produce sex cells {see introduction).

‘It can be split into two separate divisions —

- the first meiotic division (or reduction
division) and.the second meiotic division
{each is followed by division of the
cytoplasm*). These can be divided into

- different phases (as in mitosis*). Meiosis in

b enerai “and the first meiotic division in

- pait mlar, ensures that each new daughter

nucleus receives exactly half the number of
chromosomes* as the original nucleus. The
original number is the diploid number (see
mitosis, page 240}; the ha tved amount is the
haploid number.

First meiotic division

These pictures show an animal cell, but only
four chromosomes* are shiown. =

Prophase (early stage)

Threads of chromatin* in nudeux* coif up to form chromosomes*.
Paired chromosomes (h chr ) line up side by
side, farming pairs called blvalents Each chromosome duplicates,
becoming a palr of chromatlds {each group of four chromatids now
called a tetrad). Centrioles* move to opposite poles of cell.

~ Centriole*

* Centrioles,
Gametes, 320;
Sexual reproduction,

- subsequent maturing of the gametes, is called gametogenesis.

Crossing. over {oceurs in early prophase)

Chromatids of each tetrad cross over each other at places called

chiasmata (sing. chiasma). Two chromatid pieces (one from each
pair) break off and swap over. Causes mixing of genes* (helping to
ensure new {iving things are never identical to parents, Le. always a

new variefy of types).

Chromatid pieces
crossing over

Chromatid pieces
have swapped.

Prophase (later stage)

Homolog chr {each a pair of chromatids)

move together to equator of cell.

Spindle R

3
micr

Metaphase

Nuclear membrane* disappears, two centrioles* form a spindle
{see metaphase of mitosis, page 241). Chromosomes* (pairs of
chromatids) become attached to spindle by centromeres.

Spindfe Y
{made up of - *& *
m:crotubules)—} Z

= - chr
_Centromere — =23
attached to ' =7, -
spindle ‘:&— Centriofe*
microtubufe I

238;



Anaphase

H, I

I g chr (each still a pair of dmrmati&s)
separate (see Law of segregation, page 326), dragged apart
by spindle microtubules.

N
-7

Contracting
microtubules

D
SN

“spindle disappears. Happens in conjunction with cytokinesls :

Telophase P

(division of cytaplasmr®). Two-new cells formed, each with Hlf the
original number of chromosomes* (each two chromatids). Brief
interphase* (intervening period) usually follows, in which case
nuclear membranes* form and chromosomes uncoll again to form -
thread-like mass (chromatin®). ’

Two new celfs 1

(cytoplasm* o R
has divided) S A

= 2

New nuclear
membrane*

— : Vi

Chromosomes*
(about to uncoif)

Second meiotic division

The second meiotic division happens in the
cells produced by the first meiotic division. It
occurs in exactly the same way, and with the
same phases, as mitosis* (when the nucleus*
divides as part of cell division for growth and
repair) and is followed in the same way by
the division of the cytoplasm*.

The only difference is that each dividing .
nucleus now has only the haploid number of .
chromosomes* (see meiosis) so the resulting
new sex cells (gametes*) will also be haploid. |~
The second division differs according to
whether male or female gametes are to be .
produced, and the final maturing of the g
gametes after the second division is different
in animals and plants (see text below).

Gamete production (male}

Two cells formed from

first meiotic division
— (haploid number

of chiromosomes*

in nuclei).

‘Four cells result

1 ‘ I ‘ from second

- —— meiotic division

2 2 B

animals)
- Ed -

€
o
L

Mature into
sperm in
animals and
simple plants

Two cells formed from first meiotic division divide again (see
second meiotic division). In animals, resulting four cells called
spermatids and mature into. male gametes* (sex cells), or
sperm. In simple plants, four cells either develop into sperm or
into type of spore* involved in alternation of generations*.
In flowering plants, nuclei* of four cells each divide again
(mitosis*). Resulting cells (pollen* grains) each have two nuclei
(one later divides again to form two male nuclei*).

Gamete production (female)

Two cells formed from first meiotic division

(haploid ber of chr * in nuclei) W
First polar body
— dies away.
[+ €
Two cells \
result from : & — Second polar
sect.)m.i @ body dies away.
meiotic
division

N

Remaining cell (ootid

in animals, embryo ——— © — Matures into
sac in flowering ovum in animals
plants)

One of two cells formed by first meiotic division dies away
(called first polar body). Other divides again (see second
meiotic division). Of two resulting cells, one (second polar
body) dies away. In animals, other one called ootid and
matures into female gamete* (sex cell), or ovum. In flowering
plants, other one called embryo sac and its nucleus* divides
three more times (by mitosis*). Of eight new nuclei, six have
cells form around them, two stay naked. One of six cells is
female gamete, or egg cell (see ovule, page 258). Formation
of egg cell in simple plants is very similar.

*Alternation of generations, 321; Centrioles, 240; Chromatin, 238 (Nucleus); Chromasomes, 324; s
Cytoplasm, 238; Gametes, 320; Interphase, 240; Male nuclei, 320 (Gametes); Mitosis, 240;
Nuclear membrane, 238 (Nucleus); Pollen, 258; Spores, 327 (Sporulation). .




 GENETICS AND HEREDITY

Genetics is a branch of biology. It is the
; . study of inheritance — the passing of
| characteristics from one generation to the
next. The bodies which are instrumental in
this process are called chromosomes. Each
chromosome is made up of genes — the
“coded” instructions for the appearance
and constituents of an organism. For more
about inheritance, see page 326.

Chromosomes
Structures present at all times in the nuclei*
of all cells, though they only become Every nucleus® has Pair of
. . . . " the same number homologous
independently visible (as thread-like bodies of chromosomes, chromosomes
of differing shapes and sizes) when a cell is -
dividing (and has been stained with a dye). Every species* has its own number
Each one is made with a single molecule of chromosomes per cell, called the
of DNA (see nucleic acids, below), plus diploid number (humans have 46).
proteins called histones. The DNA molecule These are arranged in pairs called
is a chain of many connected genes. homologous chromosomes.
Nucleic acids Fach molecule of a nucleic acid is very
Two different acids, called DNA large, and is composed of many individual
(deoxyribonucleic acid) and RNA units called nucleotides. A DNA molecule
(ribonucleic acid). Both are found in the . consists of two chains of nucleotides twisted
| nuclei* of all cells, hence their name around each other, forming a shape called a
(RNA is also found in the cytoplasm*  double helix (rather like a twisted ladder).
| - see ribosomes, page 239). An RNA molecule consists of one chain of
! nucleotides (and looks like a ladder cut in
half lengthwise and twisted).

N = nitrogen base (Jinked nitrogen, carbon, hydrogen
and oxygen atoms). Five types:

|
Single RNA
nucleotide

A = adenine T = thymine (always paired in DNA)

G = guanine C = cytosine (always paired in DNA)
U = wuracil (only found in RNA, replaces thymine of DNA)

5 = sugar (linked carbon, hydrogen and oxygen atoms).
Deoxyribose in DNA, ribose in RNA.

P = phosphate group*.

DNA

Gene s series of
“rungs” (paired
nucleotides)

*Cytoplasm, Nucleus, 238;
Phosphate group, 335 (ADP); Species, 340.



Genes

Sets of “coded” instructions which make up
the DNA molecule of a chromosome (in
humans, each DNA molecule is thought to
contain about 1,000 genes). Each gene is a
connected series of about 250 “rungs” on the
DNA “ladder”. Since the order of the “rungs”
varies, each gene has a different “code”,
relating to one specific characteristic (trait)

of the organism, e.g. its blood group* or

the composition of a hormone*. With the
exception of the sex chromosomes, the genes
carried on paired homologous chromosomes
see chromosomes) are also paired, and run
down the chromosomes in the same order
(one member of each pair on each
chromosome). These paired genes control the
same characteristic and may give identical
instructions. However, their instructions may
also be different, in which case the instructions
from one gene (the dominant gene) will “
out” those from the other (the recessive gene),

unless incomplete dominance or codominance -

is shown. Two such non-identical genes are
called alleles or allelomorphs.

~
chromosomes

Genes

% controlling hair
color in same
@ position (locus)
b \ /

Dominant gene D
(orders dork hair)

Recessive gene
d (orders fair
hair). Recessive
genes always

Dd Person is heterozygous

for hair color, i.e. instructions __1 written in
from two genes are different. Dd fower case.
H P
g
chromosomes
—— — Both genes —— —————
\ order dark J
hair.
\ y
D \ I D

Person is homozygous ——

for hair color, i.e. A 4
instructions from two

genes ore identical. bb

The two examples have different genotypes for hair color, i.e.
different sets of instructions (DD and Dd), but are the same
phenotype, i.c. the resulting characteristic is the same (dark hair).

*ABO blood groups, 287; Hormones, 336.

mask -

REPRODUCTION AND CENETICS

Incomplete dominance or blending

A situation ' where a pair of genes which
control the same characteristic give different
instructions, but neither is dominant (see
genes) or obvious in the result. For example,
a lack of dominance between a gene for red

_color and one for white results in the

intermediate roan color of some cows.

Incomplete dominance can be used by gardeners to produce
tlowers of the same species but with a variety of colors. They do
this by cross-polfinating flowers of different colors.

Red camellia Pink camellia

White camellia

Codominance

A special situation where a pair of genes
controlling the same characteristic give
different instructions, neither is dominant (sees
genes), but both are represented in the result.
The human blood group* AB, for example,
results from equal dominance between a

gene for group A and one for group B.

Sex chromosomes

One pair of homologous chromosomes (see
chromosomes) in all cells (all the others are
called autosomes). There are two different
kinds of sex chromosomes, called the X and Y
chromosomes. A male has one X and one Y.
The Y chromosome carries the genetic factor
(not a gene as such) determining maleness,
thus all individuals with two X chromosomes
are female. '

X chromosomes

l .

/’\;ale
Y chromosome (shorter, lacks
many genes — see sex linkage, ;

X chromosome

Female










Blood vessel







FOOD AND HOW IT IS USED

Food is vital to all organisms,
providing all the materials needed
to be broken down for energy, to
regulate cellular activities and to
build and repair tissues (see pages
332-335). Of the various food
substances, carbohydrates, proteins
and fats are called nutrients, and
minerals, vitamins (not needed by
plants) and water are accessory
foods. Plants build their own
nutrients (by photosynthesis*), and
take in minerals and water; animals
take in all the substances they need
and break them down by digestion
(see pages 338-339).

Carbohydrates

A group of substances made up of carbon,
hydrogen and oxygen, which exist in varying
degrees of complexity (see “terms used”, page
339 and also page 204). In animals, complex
carbohydrates are taken in and broken down
by digestion (see page 338) into the simple
carbohydrate glucose. The breakdown of
glucose (internal respiration*) provides
almost all the energy for life’s activities. Plants
build up glucose from other substances (by
photosynthesis*).

EY

Proteins
A group of substances made up of simpler
units called amino acids. These contain
carbon, hydrogen, oxygen, nitrogen and, in
some cases, sulfur. Most protein molecules
consist of hundreds, maybe thousands, of
amino acids, joined together by links called
peptide links into one or more chains called
polypeptides*. The many different types of
protein each have a different arrangement of
amino acids. They include the structural
proteins (the basic components of new cells)
and catalytic proteins (enzymes*), which
play a vital role in controlling cell processes.
Plants build up amino acids from the
substances they take in (by photosynthesis*),
and then build proteins from them. Animals
take in proteins and break them down into
single amino acid molecules by digestion’
(see page 338). These are then transported
in the blood to all the body cells and
reassembled into the different proteins
needed (see ribosomes, page 239 and
also page 205).

Fats

A group of substances made up of carbon,
hydrogen and a small amount of oxygen
(see also lipids, page 205). Plants build fats
from the substances they take in, and their
seeds hold most as a store of food. This
can be converted to extra glucose (see
carbohydrates) to provide energy for the
growing plant. Digestion of fats in animals
produces fatty acids and glycerol (see page
338). If these need to be broken down for
energy (as well as glucose), this occurs in
the liver. This results in some products which
the liver can convert to glucose, but others
it cannot. These are instead converted
elsewhere to a substance which forms a
later stage of glucose breakdown.

Fatty acids and glycerol not needed for
energy are immediately recombined to form
fat particles and stored in various body areas,
e.g. under the skin (see subcutaneous layer,
page 310).

Like all animals, humans cannot build thier own nutrients, and refy
on the food they eat for energy. This comes either from plants, e.g.
fruit and vegetables (see picture, left), or animals, e.g. meat and mik.

*Enzymes, 333; Internal respiration, 334;
Photosynthesis, 254; Polypeptides, 339.







METABOLISM

Metabolism is a collective term for all the complex, closely-coordinated
chemical reactions occurring inside an organism. These can be split into
two opposing sets of reactions, called catabolism and anabolism. The rates
of the reactions vary in response to variations in the organism’s internal and
external environments, and they play a major role in keeping internal
conditions stable (see homeostasis, page 335).

Catabolism
A collective term for all the reactions
which break down substances in the body
(decomposition reactions). One example is
digestion in animals, which breaks down
complex substances into simpler ones (see
chart, page 338). Another is the further
breakdown of these simple substances in
the cells (internal respiration*). Catabolism
always liberates energy (in digestion, most is
lost as heat, but in internal respiration, it is
used for the body’s activities). This is despite
the fact that, as with
all chemical
reactions,
catabolism
itself requires
energy. The
W energy needed is
¢ taken from the much
g\w greater amount of
.4 energy produced
\ . during the reactions.
The rest of this is
released, hence
the overall
result is
always an
energy “profit”.

Strenuous exercise, such
as cycling, can cause the
metabolic rate to increase
to as much as 15 times the
basal metabolic rate.
The heart rate increases,
and more oxygen is taken
in. These changes enable
food to be catabolized
more quickly to produce
the extra energy needed.
One side effect is a rise in
body temperature, which
prompts the body to
produce more sweat.

*Hormones, 336; Internal respiration, 334.

Anabolism

A collective term for all the reactions which
build up substances in the body (synthesis
reactions). One example is the linking
together of amino acids to form proteins
(see page 330). Anabolism always needs
energy to be taken in, since the small
amount produced during the reactions is
never enough (i.e. the overall result of
anabolism is an energy “loss”). The extra
energy is taken from the catabolism “profit”.

Metabolic rate
The overall rate at which metabolic reactions
occur in an individual. In human beings, it
varies widely from person to person, and in
the same individual under different conditions.
It increases under stress, when the body
temperature rises and during exercise,
hence the true and accurate measurement
of a person’s metabolic rate is a measurement
taken when the subject is resting, has a normal
body temperature, and has not recently
exercised. This is called the basal metabolic
rate (BMR) and is expressed in kilojoules per
square meter of body surface per hour (see
measuring method and calculations, opposite).
People with high BMR can eat large

- amounts without putting.on weight, because

their catabolism of food matter (in the cells)
happens so fast that not much fat is stored. -
This fast rate of reactions also often results in
“excess” energy (i.e. energy not needed for
anabolism), so they may appear to have a lot
of “nervous energy”. People with low BMR put
on weight easily and often appear to have

little energy.

The metabolic rate is influenced by a
number of hormones*, especially STH,
thyroxin, adrenalin and noradrenalin. For
more about these, see chart on pages 336-337.









ADP (adenosine diphosphate) and ATP
(adenosine triphosphate)

Two substances which consist of a chemical
grouping called adenosine, combined with
two and three phosphate groups respectively.
These phosphate groups each consist of linked
phosphorus, oxygen and hydrogen atoms. A
phosphate group can combine with other
substances (either by itself or linked with other
phosphate groups in a chain).

When aerobic respiration occurs, the
chemical energy released is involved in
reactions which result in a conversion of ADP
molecules into ATP molecules (by attachment
of a third phosphate group in each case). The
energy taken in to effect these reactions can be
regarded as being “stored” in the form of ATP.
This is a substance which can be easily stored
in all cells. It is found in especially large
quantities in cells which require a lot of energy,
e.g. muscle cells. When the energy is needed,
reactions occur which convert ATP back into
ADP. These reactions result in an overall
release of energy — the “stored” energy. In this
way, power is supplied for the cell’s activities.

ADP and ATP
Adenine + Ribose = Adenosine
.
/N\C/ >N Adenine
v ]
N~ Gy #CH
OH OH OH -
Ribose* | I | 1 i
,CHO—~P—O~P—0~P—OH
i il o
O a
R |—""— ;phate groups |
L adenosne diphosphate (app !
L oo phosphote AT |
Conversion of ATP into ADP
AP = ADP + P + E
i i i Energy

A A Db, b,
triphosphate [diphosphate group
The reaction Is reversible*.

ExT hal

303; Insulin, 336; Mammals, 341;
Metabolic rate, 332; Reversible reactions, 162; Ribose, 324.

GENERAL BIOLOGY INFORMATION

Homeostasis

Homeostasis is the
maintenance, by an organism,
of a stable internal environment,
i.e. a constant temperature, stable composition,
level and pressure of body fluids, constant
metabolic rate*, etc. This is vital if the
organism is to function properly.

Homeostasis requires the detection of
any deviation from the norm (caused by new
internal or external factors) and the means to
correct such deviations, and is practiced most
efficiently in birds and mammals*, e.g. humans.
Their detection of deviations is achieved by the
feedback of information to controlling organs.
The blood glucose level, for example, is
constantly being detected by the pancreas (i.e.
information is “fed back”). The correction of
deviations is achieved by negative feedback,
i.e. feedback which “tells” of deviations and
results in a change of action. If the glucose
level gets too high, for example, the pancreas
reacts by producing more insulin* to reduce it
(see also antagonistic hormones, page 336).

Most homeostatic actions are, like the
insulin example, controlled by hormones,
many of which are in turn controlled by the
hypothalamus* in the brain. An example of the
importance of the hypothalamus in homeostasis
is the control of body temperature. All birds and
mammals, e.g. humans, are homiothermic
(warm-blooded), i.e. they can keep a constant
temperature (about 37°C in humans) regardless
of external conditions (the opposite is
poikilothermic, or cold-blooded). A “thermostat”
area of the hypothalamus, called the preoptic
area, detects any changes in body temperature
and sends impulses either to
the heat-losing center or to
the heat-promoting center
(both also found in the
hypothalamus). These
areas then send out nervous
impulses to cause various
heat-losing or heat-promoting
actions in the body.

" Crocodile
gaping to
lose heat

Penguins are homiothermic. They can
generate enough heat to keep themselves
and their eggs and young warm.










AH the ﬁlgesmze juices® of the human body (secreted into the intestines by
d!gestm‘”’"lands*} contain enzymes* which control the breakdown of food

vided into three groups. Amylases (or diastases) promote the breakdow

arbohydrates* (the final result being monosaccharides - see terms usea

, »Wwﬁﬁ Proteinases (or peptidases) promote the breakdown of proteins into
amino acids* by attacking the peptide links (see proteins, page 330). Lipases

p{(}m@‘t@ﬁ"}é breaf{down of fats into glycerol and fatty acids (see fats, page

Digestive juice: Saliva Digestive juice: Bile

Produced by: Sallvary glands* in mouth Produced by: Liver. Stored in gall bladder*, secreted into smal
Digestive enzyme: Salivary amylase (or ptyalin) intestine (see CCK, page 336).

Actions: Starts breakdown of carbohydrates* starch and Constituents: Bile salts and bile acids

glycogen (polysaccharides). See page 331. Actions: Break up fats* (and intermediate compounds) inio

= Products: Some dextrin (shorter polysaccharide). See rote 1. smaller particles, a process called emulsification.
Digestive juice: Gastric juice Digestive juice: Intestinal juice (or succus entericus
(’roduced by: Gastric qlands* in stomach lining. Secreted Produced by: Intestinal glands* in small intestine lining.
into stomach (see gastrin, page 336). secretion into small intestine (see enterocrinin, page 336).

Digestive enzymes (and one other constituent):
1. Pepsin (proteinase). See note 2.

2. Rennin (protelnase). Found only in the young.
3. Hydrochloric acid

4. Gastric lipase. found mainly in the young.

Digestive enzymes:

1. Maltase (amylase)

2. Sucrase (or invertase or saccharase) (amylase)
3. Lactase (amylase)

4. Enterokinase. See note 2.

Actions: .
1. Starts breakdown of protelns* (polypeptides). Actions: . .

2. Works (with calcium) to curdle milk, i.e. to act on its 1. Breaks down maltose (disaccharide).
protein (casein). See note 3. 2. Breaks down sucrose (disaccharide).

3. Activates pepsin (see note 2), curdles milk in adults (see 3. Breaks down lactose (disaccharide).
note 3) and kills bacteria. 4. Completes breakdown of proteins* (dipeptides).

4. Starts breakdown of fat* molecules in milk.

Products:
Products: 1. Glucose (or dextrose) (monosaccharide)
1. Shorter polypeptides 2. Glucose and fructose (monosaccharldes)
2, 3. Curds, i.e. milk solids 3. Glucose and galactose (monosaccharides)
4. Intermediate compounds 4. Amino acids*
Digestive juice: Pancreatic juice Notes

Produced by: Pancreas. Secreted into smalf intestine (see
secretin and PZ, page 336). 1. Not much dextrin is produced at this stage, since food
’ not in the mouth long enough. Most carbohydrates pass

Digestive enzymes:
through unchanged.

1. Trypsin (proteinase). See note 2.
2. Chy rypsin (protei ). See note 2.

3. Carboxypeptidase (proteinase). See note 2. 2. Proteinases are first secreted in inactive forms, to prevesd
4. Pancreatic amylase (or amylopsin) them from digesting the digestive tube (made of proteim=
5. Pancreatic lipase most of the body). Once in the tube (beyond a proteciive
Actions: of mucous membrane*), these are converted into aciive
1, 2, 3. Continue breakdown of proteins* (long and shorter Hydrochloric acld changes pepsinogen (inactive) into pepmm
polypeptides). enteroki changes trypsinogen into trypsin, and
4. Continues breakdown of carbohydrates*. then changes chymotrypsinogen and procarboxypeptidase
5. Breaks down fat* particles. into chymotrypsin and carboxypeptidase.
Products:
1, 2, 3. Dipeptides and some amino acids*, 3. The action of rennin and hydrochloric acid in curdia
4. Maltose (disaccharide) || s vital, since liquid milk would pass through the system
5. Glycerol and fatty acids (see fats, page 330). to be digested.

k *Amkw aétds, 330 (I’rotelns), Carbohydrates, 330; Digestive:juices, 296 (Digestive glands);

f Enzymes, 333; Fats; 330; Gall bladder, 297; Gastric glands, Intestinal glands, 296 (Dlgestlve glands);

Mucous brane, 295; Proteins, 330; Salivary glands, 296.
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NAND (logic operation), 110, 111
Naptha, 199 (Chemical feedstocks)
Nasal, 307
Nasal cavities, 294 (Pharynx),
307 (Nose)
Nasolachrymal duct, 313 (Lachrymal
glands)
Natural frequency, 17 (Natural
oscillation)
Natural gas, 192 (Methane, Ethane),
198 (1), 208
Natural oscillation, 17
Natural period, 17 (Natural oscillation)
Natural polymers, 201, 204 (Starch),
205 (Proteins)
Natural resins, 345 (Resins)
Natural selection, 237 (Genetic
variation)
Neck (bones of), 278
Neck (teeth), 284
Nectar, 256 (Nectaries)
Nectaries, 256
Negative feedback, 335 (Homeostasis)
Negative terminal, 159 (Cell)
Negative tropism, 251 (I)
Nekton, 342 (Pelagic)
Nematocyst, 270 (Cnidoblasts)
Nematodes, 341
Neodymium (Nd), 164, 213
Neon (Ne), 165, 189, 213
Nephridia, 265 (Coelom), 273
Nephridiopore, 265, 273 (Nephridia)
Nephrons, 301
Neptunium (Np), 164, 213
Nerve(s), 306
Cranial, 302 (Brain)
Mixed, 306 (Nerves)
Motor, 306 (Nerves)
Optic, 312, 313
Sensory, 306 (Nerves)
Spinal, 302 (Spinal cord)
Nerve fibers, 304
Nervous system, 302-309
Autonomic, 303 (Hypothalamus),
308
Central, 302-303
Peripheral, 304 (1), 306 (I)
Neural canal, 279 (Vertebrae)
Neural pathways, 306, 308, 309
Neural spine, see Spinous process
Neuroglia, 302
Neurohypophysis, see Posterior lobe
Neuron(s), 304 (I)
Afferent, see Sensory neurons
Association/Connecting, 305
Efferent, see Motor neurons
First order sensory, 306, 309
Internuncial, see Association neurons
Lower motor, 308, 309
Motor, 305, 308 (Efferent system)
Postganglionic motor, 309

Neuron(s) (cont'd)
Preganglionic motor, 309
Relay, see Association neurons
Second order sensory, 306, 309
Sensory, 305, 306 (Afferent system)
Third order sensory, 306
Upper motor, 308, 309
Neurotransmitters, 305 (Synapses),
339 (Vitamin B complex)
Neutral (substance), 151
Neutral (wires), 67
Neutral equilibrium, 15
Neutralization, 151
Enthalpy change of/Heat of, 146
Neutral point, 72
Neutrino, 87 (Beta decay)
Neutron number (N), 82
Neutrons, 82, 113, 126
Fission, 92 (Nuclear fission)
Newton (N), 6, 97
Newton meter (Nm), 14 (Moment)
Newton’s law of gravitation, 18
Newton’s [aws of motion, 12-13
Niacin, 339 (Vitamin B complex)
Niche, Ecological, 233
Nickel (Ni), 112, 165, 172, 213
Nickel-cadmium cell, 69 (Alkaline cell)
Nickel sulfide (Ni$), 172 (Nickel)
Nicotinamide/Nicotinic acid,
see Niacin
Night-neutral plants,
251 (Photoperiodism)
Niobium (Nb), 165, 173, 213
Nitrate bacteria, 235
Nitrates/Nitrate(V) compounds, 7155,
182, 209, 210 (Eutrophication),
211, 218 (Anions), 235
Nitric acid (HNO3), 178, 181 (Nitrogen
dioxide), 182, 210 (Acid rain),
218 (Anions)
Nitric(V) acid, see Nitric acid
Nitric oxide, see Nitrogen monoxide
Nitrides, 180 (Nitrogen)

Nitrifying bacteria, 235
Nitrites/Nitrate(lll) compounds, 182,
210 (Eutrophication), 211, 235

Nitrogen (N/Ny), 732, 165, 180,
183, 208, 209 (Nitrogen cycle),
210 (Acid rain), 213, 217, 235, 330

Liquid, 180 (Nitrogen)

Nitrogen base, 324

Nitrogen cycle, 209, 235

Nitrogen dioxide (NO,), 125, 162, 178,
181, 182, 210, 211

Nitrogen fixation, 235

Nitrogen-fixing bacteria, 209,
235 (Nitrogen fixation)

Nitrogen monoxide (NO), 762,
181, 782 .

Nitrogenous, 300 (Urea)

Nitrogen oxide, see Nitrogen monoxide

Nitrous acid (HNQ,), 181 (Nitrogen
dioxide)

Nitrous oxide, see Dinitrogen oxide

INDEX

Nobelium (No), 165
Noble gases, 165, 189, 208,
217 (Nitrogen)
Nocturnal, 342
Nodal lines, 38, 39 (Nodes)
Nodal points, see Nodes
Node(s),
Lymph, 293
(plants), 244
(waves), 39, 43 (Stationary waves)
Node of Ranvier, 304
Nodules, Root, 235 (Nitrogen fixation)
Noise, 42 (I)
Nonane (CqHy), 798
Non-aqueous solutions, 144 (Aqueous
solution)
Non-aqueous solvents, 144 (Aqueous
solution)
Non-biodegradable detergents,

203 (Biodegradable detergents)
Non-electrolyte, 66, 756
Non-linear (molecule), see V-shaped
Non-luminous flame, 208
Non-metal, 165 (Metal)

Non-polar molecule, 133 (Polar
molecule)

Non-polar solvent, 144

NOR (logic operation), 110, 111

Noradrenalin/Norepinephrin, 336

Normal, 47, 50

Normal contact force, 7 {Coefficient of
friction)

Normal salt, 153

North/North seeking pole, 70 (Pole)

Nose, 307

NOT (logic operation), 110, 111

Notation (numbers), 109

Exponential, 109

Notes, 43 (Musical sounds)

Notochord, 341 (Chordates)

Npn transistor, 65, 110

N-shell, 83 (Electron shells)

N-type (semiconductor), 65 (Doping)

Nuclear energy, 84-85

Nuclear equation(s), 92, 93, 128

Nuclear fission, 85, 92-93, 94-95, 129

Nuclear force, 7, 84

Nuclear fusion, 85, 93, 94 (Fusion

reactor), 129
Nuclear magnetic resonance (n.m.r.)

spectroscopy, 222
Nuclear magnetic resonance (n.m.r.)

spectrum, 222
Nuclear membrane, 238 (Nucleus)
Nuclear potential energy, 8
Nuclear power stations, 94 (I}
Nuclear reactions, 85, 92 (I),

94-95, 129
Nuclear reactor, 94(I)

Nuclei, see Nucleus
Nucleic acids, 324
Nucleoli (sing. nucleolus), 239, 240
Nucleon(s), 82 {Nucleus)
Binding energy per, 84
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