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Introduction

Collins Gem Science is one of a series of illustrated dictionaries of the key terms and concepts used in the most important school subjects. For this edition the text has been updated and colour is now used throughout the book. With its alphabetical arrangement, the book is designed for quick reference to explain the meaning of words used in the subject and so provides a companion both to course work and during revision.

Bold words in an entry identify key terms which are explained in greater detail in entries of their own; important terms that do not have separate entries are shown in italic and are explained in the entry in which they occur. At the back of the book you will find useful Appendices.

The other titles in the series are:

Gem Computers

Gem Chemistry

Gem Physics

Gem Mathematics

Gem Biology

Gem Modern History

Gem Geography

Gem Business Studies


A

absorption 1. The taking in of radiated energy. When radiation travelling in one material meets the surface of a second, three things may happen to it.

(a) It may bounce back into the first material: this is called reflection.

(b) It may travel on in a new direction through the second material: this is called refraction.

(c) It may disappear into the second material: this is called absorption.

When a surface absorbs radiation the energy must appear in a new form. In most cases this is heat energy: the temperature increases.

[image: Image]

absorption

2. (of food) Thatomic nume process by which digested food particles pass from the alimentary canal into the bloodstream. In mammals absorption takes place in the ileum, which is part of the small intestine.

acceleration (a) The change of velocity, v, of an object in unit time. The SI unit of acceleration is the metre per second per second, m/s2. Acceleration can be calculated using the following equation:
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where u is the initial velocity and v is the final velocity. Acceleration is a vector quantity. An object accelerates if its speed and/or its direction of motion change.

When a net outside force, F, acts on an object of mass, m, the resulting acceleration, a, is given by:

a = F/m

At any moment on a velocity/time graph the acceleration is given by the slope of the graph. Positive acceleration results in an increase in velocity, while negative acceleration (often called deceleration or retardation) results in a decrease in velocity.

acid A substance which releases hydrogen ions (H+) when added to water. Acid solutions have a pH of less than 7. Common laboratory acids are:

(a) Strong acids: – nitric acid (HNO3), hydrochloric acid (HC1), sulphuric acid (H2SO4) ;

(b) Weak acids: – ethanoic acid (CH3COOH), citric acid (C6H8O7).

Strong acids ionize completely in water, weak acids only partially. A few acids are corrosive liquids and must be handled with care.

Acids:

(a) Turn blue litmus red.

(b) Give carbon dioxide when added to carbonates.

(c) Give hydrogen when added to certain metals.

(d) Neutralize alkalis.

acid rain Rain polluted by acids in the atmosphere. Coal often contains substances which produce the acidic gases sulphur dioxide and nitrogen oxides when it is burnt. If these acidic gases are allowed to escape into the atmosphere they dissolve in any moisture present to produce acids. When the moisture falls to the earth as rain it is, in fact, acid(ic) rain.

Acid rain is responsible for considerable damage to the environment. Once soils become highly acidic, plants and animals are adversely affected and potentially harmful ions such as aluminium are able to dissolve in the acidic solution. The acidic solutions may accumulate in lakes where their effects on wildlife are devastating. Recently steps have been taken to reduce the quantity of acidic gases produced by British coalfired power stations and car exhausts. In future it is planned to fit coal-fired power stations with flue desulphurization units to remove acidic gases before flue gases are released into the atmosphere.

active transport The movement of substances against a concentration gradient (see osmosis) using energy produced by metabolic processes. Examples of active transport are (a) the reabsorption of useful substances, including glucose and amino acids, in the mammalian kidney, and (b) the uptake of mineral salts by the root of plant.

air The mixture of gases which make up the atmosphere surrounding the Earth. The exact composition of the air varies slightly from place to place and with height above the ground.

Air, particularly in industrial areas, often contains pollutants. Some common examples are shown below.







	Pollutant
	Sources



	Sulphur dioxide
	burning coal and oil



	Carbon monoxide
	engines, cigarettes



	Nitrogen oxides
	burning coal, car engines



	Soot
	engines, fires



	Pollen
	frees, plants



	Chlorofluorocarbons (CFCs)
	Aerosols




Air is vital for life. The oxygen it contains is necessary for respiration, and the carbon dioxide for photosynthesis. See ozone layer.
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air The average composition of pure air.

alimentary canal The digestive canal of an animal. In humans this canal is a tube about nine metres long running from the mouth to the anus.

[image: Image]

alimentary canal Diagram showing the canal and digestive organs.
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ileum Section through the ileum wall (left) and a section of a villus (right).

The inner surface of the intestine, and particularly the ileum, consists of finger-like projections called villi. Each villus has a thin wall and contains a network of blood capillaries. The villi provide a large surface area that allows the efficient absorption of soluble foods.

alkali A base which is soluble in water. Alkalis are usually metal hydroxides, e.g. sodium hydroxide. Ammonia solution is also an alkali. Alkalis are corrosive and should be handled with care. Typical properties of alkalis are:

(a) They turn red litmus blue;

(b) They neutralize acids;

(c) They have a pH of more than 7;

(d) They react with acids to produce a salt and water only.

alloy A mixture which is made up of two or more metals, or which contains metals and nonmetals. The properties of an alloy are different from the sum of the properties of the substances it contains. Alloys are used much more than pure metals. This is because an alloy can be made with a particular set of properties by bringing two or more elements together in the right proportions. Aluminium is a soft metal, but mixing it with a small amount of copper produces the alloy duralumin which is strong enough to be used in aircraft frames. Here are some other examples of alloys in common use.


	Alloy
	Elements it contains


	brass
	copper and zinc


	bronze
	copper and tin


	pewter
	lead, tin and small amounts of antimony


	solder
	lead and tin


	steel
	iron and carbon




alpha particle (a) This consists of two neutrons and two protons bonded together and thus it carries a positive charge. It contains the same particles as the nucleus of a helium-4 atom. Many radioactive nuclei give off alpha particles when they decay. An example is the common isotope of uranium,
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The flow of alpha particles from a radioactive source is called alpha radiation. The energy transferred appears as the kinetic energy of the alpha particles. Subsequently, alpha particles collide with other particles and slow down: there is energy transfer to the substance giving a small temperature rise. As alpha radiation loses energy in matter, it causes ions to appear, hence it is an ionizing radiation.

Matter slows down alpha radiation very quickly. It has a range of only a few centimetres in air and cannot pass through even thin card.

alternating current (AC) A current which flows alternately in one direction, then in the opposite direction, around a circuit.

The frequency of the alternating current mains supply in the United Kingdom is 50 Hz (cycles per second).
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Hall-Herault cell

aluminium The most abundant metal in the earth’s crust. Aluminium has valency 3 and is very reactive. It is obtained by the electrolysis of a molten mixture of aluminium oxide, dissolved in another mineral called cryolite, using graphite electrodes in a Hall-Herault cell.

The reactions at the electrodes are:
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Due to the high temperature at which this process operates, the graphite anodes react with the oxygen form to give carbon dioxide and must be replaced at regular intervals.

Aluminium and its alloys are resistant to corrosion because of a protective layer of oxide which forms on the surface of the metal. (This protective layer can be thickened by a process called anodizing.)

amino acids Organic compounds which are sub-units of proteins. About seventy different amino acids are known but only twenty to twenty-four are found in living organisms.
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amino acids Structure.

[image: Image]

amino acids A peptide bond.

Amino acids are bonded together in chains known as peptides. The link between adjacent amino acids is called a peptide bond or link.

When many amino acids are joined together in this way the whole complex is called a polypeptide and this is the basis of protein structure.

ammonia A colourless gas with an unpleasant odour. It is very soluble in water and gives an alkaline solution (see alkali) which is sometimes called ammonium hydroxide. Ammonia is a covalent compound. It has a characteristic reaction with the gas hydrogen chloride, producing dense white fumes of ammonium chloride.

NH3(g) + HCl(g) → NH4Cl(s)

Most ammonia is made by the Haber process. Nitrogen and hydrogen in the ratio of 1:3 react at 500 °C and 20 MPa pressure on an iron catalyst.

N2(g) + 3H2(g) → 2NH3(g)

Ammonia is produced by bacteria found on the roots of leguminous plants like peas and beans. Also, when proteins decompose, ammonia is released. Both of these are important sources of plant nutrients (see nitrogen cycle).

anhydrous Containing no water. The term is usually used to describe salts with no water of crystallization. For example:


	 
	Anhydrous salt
	Hydrated salt


	Copper(II) sulphate
	CuSO4
	CuSO4.5H2O


	Sodium carbonate
	Na2CO3
	Na2CO3.10H2O




The term may also be used to describe liquids that are perfectly dry and contain no water, e.g. anhydrous ether.

antibiotics Substances formed by certain bacteria and fungi which inhibit the growth of other microorganisms. Common examples are penicillin and streptomycin. Many are now made synthetically.

antibodies Proteins produced by the tissues of vertebrates in response to antigens. Antibodies react with antigens to make them harmless.
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antibodies Antigens are deactivated by antibodies.

antigens Materials which are foreign to an organism. Such materials include microorganisms such as bacteria, and their toxins, or transplanted organs or tissue. See antibodies.

artery A blood vessel which transports blood away from the heart to the tissues. In mammals, arteries (except for the pulmonary artery) carry bright red oxygenated blood. They divide into smaller vessels called arterioles which themselves eventually sub-divide into capillaries. Arteries have thick, elastic, muscular walls as they need to withstand the high pressure caused by the heartbeat. Compare vein.

[image: Image]

artery Section through an artery.

asexual reproduction Reproduction in which new organisms are formed from a single parent. Asexual reproduction does not involve the production of gametes. The offspring are genetically identical to each other and to the parent organism. They are sometimes referred to as clones. See vegetative reproduction.

assimilation The process by which food that has already been digested is incorporated into or stored in the cells of the organism. Amino acids, for example, are built up into protein, which is used for cell growth or maintenance. In mammals, any glucose which is not required immediately to provide energy in tissue respiration is converted in liver and muscle cells to glycogen. This short-term energy store can be reconverted to glucose if the blood glucose level falls (see insulin). Excess glucose not stored as glycogen is converted into fat and stored in fat storage cells beneath the skin. Fat is a long-term energy store. Excess amino acids cannot be stored and are broken down in the liver.

atmosphere 1. A unit of pressure equal to 101 325 pascals. Atmospheric pressure is the result of the weight of air pushing downwards. It varies from place to place and time to time but is always about 1 atmosphere near sea level. Atmospheric pressure decreases as height above the ground increases.

2. The mixture of gases which surrounds a planet. The atmosphere on Earth is air. The Earth’s atmosphere is often divided into several regions or zones. (See diagram on page 14).
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atmosphere Earth’s atmosphere is divided into zones.

atom The smallest particle of an element that can exist. Atoms are the building blocks of which everything is made. They are made up of even smaller subatomic particles.
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The proton and electron carry equal but opposite charges. The atom as a whole is neutral, hence the number of protons always equals the number of electrons. All atoms of the same element have the same number of protons and hence the same atomic number, but atoms of the same element may have different numbers of neutrons. See isotopes.

Atoms are the smallest part of an element that can take part in a chemical reaction.
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atom An atom of carbon

atomic number (Z) The number of protons in the nucleus of an atom. All atoms of the same element have the same atomic number. An atom contains the same number of electrons as protons, so the number of electrons also equals the atomic number.


B

backbone See vertebral column.

background radiation The radiation, from natural sources, which is always present in the earth’s atmosphere. Radioactive matter exists in almost all of the rocks of the earth’s crust. As it decays it gives off radiation. Cosmic radiation is also continually hitting the earth from space. As a result of the above two processes a radiation detector, such as a Geiger-Müller tube, gives a count of about one radiation a second. Background radiation has to be taken into account when measuring the activity of other radioactive sources. The activities on earth which produce radiation, such as nuclear weapons, nuclear power stations and the medical applications of radioactive isotopes, appear to have little if any effect on the amount of background radiation.

bacteria Organisms consisting of only one cell of diameter 1–2 microns. Some bacteria are harmful because they cause diseases such as tetanus. Some bacteria are useful, for example, as sources of antibiotics. (See diagram on page 18).

balanced diet A diet which contains the correct nutritional components needed for the organism to remain healthy. The term is usually used in connection with humans and domestic animals. A balanced diet for humans should contain the following:
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bacteria (a) Generalised structure of a bacterium, (b) bacterial shapes.

(a) Protein

(b) Carbohydrate

(c) Fat

(d) Roughage

(e) Vitamins

(f) Water

(g) Mineral salts

The amounts of carbohydrate and fat should be just enough to supply the body with its energy requirements. Excess carbohydrates and fats are undesirable as they increase the amount of fat stored in the body.

base A substance which reacts with an acid to form a salt and water only. Bases are usually metal oxides or hydroxides, e.g. sodium hydroxide (NaOH), copper(II) oxide (CuO). Metal oxides and hydroxides which are soluble in water are known as alkalis. These are usually compounds of group I or II metals.

battery A group of two or more single electric cells connected together in series. A car battery consists of six 2 V cells giving a total voltage of 12V.

bell A device constructed to make a ringing sound. An electric bell is a device based on an electromagnet. When the switch is closed the circuit is completed. The iron core becomes a magnet and attracts the soft iron armature. As the armature moves across, striking the bell on the left, the circuit is broken. The spring returns the armature to its original position causing it to strike the bell on the right. This cycle is continually repeated so long as the switch is closed. Buzzers work on a similar principle.
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bell Circuit diagram of an electric bell.

beta particle (β) A high-speed electron which carries negative charge. It is emitted by a nucleus during radioactive decay or nuclear fission. The energy transferred appears as the kinetic energy of the beta particle. A flow of beta particles from a radioactive source is called beta radiation. Beta radiation causes ions to appear when it hits matter, hence it is an ionizing radiation. Beta radiation travels further into matter than alpha radiation (see alpha particles) but not as far as gamma radiation. It is completely absorbed by a few millimetres of aluminium.

bile A green alkaline fluid which is produced in the liver of mammals. Bile is stored in the gall bladder and passes into the duodenum through the bile duct. In the duodenum it causes fats to be broken into tiny droplets prior to digestion. This process is called emulsification and it speeds up fat digestion.

bimetallic strip A device made of strips of two different metals (hence bimetallic) fixed together. For a given temperature change one metal expands (see expansion) more than the other. This causes the bimetallic strip to bend. The amount which it bends depends on the size of the temperature change. Bimetallic strips are used in simple thermometers and thermostats.
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bimetallic strip One type used in a simple fire alarm.

When the temperature reaches a certain value, determined by the setting of the screw, the bimetallic strip bends sufficiently to complete the circuit and a bell starts to ring (see diagram).

biodegradable Capable of being broken down by biological action. This action usually involves bacteria and fungi. Biodegradable waste products are usually easy to dispose of and are not a source of pollution. Nonbiodegradable materials, such as plastics, are not broken down by the action of bacteria and fungi. They are difficult to dispose of and are often a source of pollution.

biosphere The parts of the Earth and the atmosphere collectively which are inhabited by living things. Living things are found:

(a) In the atmosphere immediately above the earth;

(b) On the surface of the earth;

(c) Within the surface of the earth:

(d) In lakes, rivers and oceans.

Many scientists believe that the proper functioning of the biosphere is under threat from pollution.

birth The human baby is born as a result of muscular contractions of the uterus wall. The amniotic fluid escapes and the baby is pushed through the cervix and vagina, thus leaving the mother’s body.

After the baby is born the umbilical cord, which attached it to the placenta, is cut. The placenta and the remaining part of the umbilical cord are then expelled from the uterus as afterbirth. The part of the umbilical cord attached to the baby will drop off within a few days. After birth the baby must use its own lungs for gas exchange and rely on its own digestive system for food.

bitumen A black tarry mixture of high boiling point hydrocarbons which is left behind in the distillation of petroleum. It is impermeable to water and is widely used for roofing and, mixed with sand, for road surfacing.

blast furnace A furnace which allows the continuous production of molten iron. The furnace is charged with a mixture of coke, iron ore and limestone. At the bottom of the furnace coke and air (oxygen) react to produce carbon dioxide. This is an exothermic reaction and the temperature rises to 1800 °C.

C(s) + O2(g) → CO2(g)

More coke then reacts with the carbon dioxide to produce carbon monoxide.

C(s) +CO2(g) → 2CO(g)

The carbon monoxide reduces the iron oxides to iron. For example:

Fe2O3(s) + 3CO(g) → 3CO2(g) + 2Fe(l)

The molten iron flows to the bottom of the furnace where it is tapped off.

The limestone in the charge is decomposed by the heat, producing calcium oxide and carbon dioxide. The calcium oxide reacts with impurities from the iron ore (mainly silica SiO2) and forms a molten slag.

CaO(s) +SiO2(s) → CaSiO3(l)

The slag also sinks to the bottom of the furnace where it floats on the molten iron.
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blast furnace

The iron produced by a blast furnace contains about 3% carbon and is very brittle. In steel making the amount of carbon and other impurities is reduced by blowing oxygen into the molten iron.

blood A fluid tissue which is found in many animals. The principal function of blood is to transport substances from one part of the body to another. The blood of mammals consists of a watery solution called plasma in which there are three types of cells: platelets, red blood cells and white blood cells.

The main functions of the blood in humans are:

(a) Transport of oxygen from the lungs to the tissues.

(b) Transport of carbon dioxide from the tissues to the lungs.

(c) Transport of toxic by-products to the organs of excretion.

(d) Transport of hormones from endocrine glands to target organs.

(e) Transport of digested food from the ileum to the tissues.

(f) Prevention of infection by:

(i) blood clotting;

(ii) phagocytosis by white blood cells;

(iii) antibody production.

blood clotting A thickening of the blood which occurs when blood is exposed to the air as a result of injury. The blood platelets produce an enzyme (thrombin) which causes the conversion of soluble plasma protein (fibrinogen) into fibrin. The fibrin forms a meshwork of fibres into which platelets become lodged. The resulting clot plugs the wound, restricting blood loss and the entry of microorganisms.
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blood clotting The process of clot formation.

boiling point The temperature at which a liquid boils to become a gas. It is not fixed but depends on atmospheric pressure. The higher the atmospheric pressure, the higher the boiling point. Impurities in the liquid also cause the boiling point to rise. The energy needed to change a liquid at its boiling point into a gas is called latent heat.

bond The chemical link which holds atoms together in molecules and giant structures. Bonds are formed between atoms and are generated by electrons. Some atoms lose or gain electrons, forming ions, giving rise to ionic bonds. Other atoms share pairs of electrons giving rise to covalent bonds.

bone The tissue of which the vertebrate skeleton is made. It contains the protein collagen which gives tensile strength, and calcium phosphate which gives bone its hardness. Some bones have a hollow
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