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Study Guide for GES 104: Science, Industry and Mankind/GST 203:
History and Philosophy of Science:

General Information:

Students taking this course should read this studgle carefully so as to understand the
requirements and content of this course. The esseficthe course is for students to
understand the brief history of the sciences, thanlosophy and epistemological

foundations. The course is analytical, and it caity examines the contexts, personalities,

objects and thoughts that inspire scientific attsi

Course code and Name: GST 203: History and PhilpsopScience

Credit points: 2 units

Year: 200 Level

Semester: First

Total hours: 28 hours @ two hours per week of studgte: some weeks,
students shall have taken two modules, while ieigtlonly one is to
be taken.

About the course:

History and Philosophy of Science is an effortetglain the nature of scientific
enquiry and assess how reasonable or justifiednseigs or should be from various
philosophical viewpoints. The course examines tis¢oly of various branches of natural
sciences, their contributions to human developmamthlems being encountered as a result
of scientific progress and the way out. This courskps you to understand? and appreciate?
the evolution of science, its classification argddabntradictions. The course also helps you to
understand? the context in which scientific disc@geare made, the people behind them and
their applications. The course also helps you &mtifly and define key scientific concepts

and classifications.



Lecturer Information:

Course Lecturer:
Email: (address):

Contact: The course lecturer will be online evehgigday, 4-6pm (from the beginning of the
semester up to a week to the examination) on matilene, facebook and blog for

consultation and questions.

Symbols and Acronyms:

AD anno domino (Latin word for year of the lord, sfgimg the birth of Jesus Christ and the

start of the Gregorian calendar)

BC before Christ (the years before the start of thegGrian calendar)
BCE same as BC

\2 Square root of two

A = h/mv (whereA pronounced Lambda is the wavelength associatddavgarticle of mass

m, moving with velocity v; h is the Planck’s coast

E = hf Energy is equals to (h) Plank’s constant and fiency of waves
E= mc Energy mass equation

EMF Electromagnetic force

DNA deoxyribonucleic acid

RNA Ribonucleic acid,

SUV sport utility vehicle



Terms you need to know?
Science
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Philosophy

Ancient

Theory
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Modern

Technology
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Applied science

Taking GST 203: History and Philosophy of Science

To take GST 203, you need to (after completing yagistration) read the study
guide for the course. After reading and understapdine study guide for the course, you
should do the following:

1. Study one unit every week for two hours (some wekks units) making a

total of 20 units for the semester for the couesejuding examination.
2. Review the power point presentation on the unitttedlog
3. Access the link provided in the course material tn@drecommended texts
4. Review all the materials related to the unit

5. Take the self assessment question(s) in the uniitor-marked assignment

as provided



6. Write and submit the tutor-marked assignments enhma email. Late
submission shall be penalized with deduction ofkmaccordingly

7. For any queries or questions, contact the courdearky on the blog, email
or facebook. 10 marks of the continuous assessstait be awarded for

any student with not less than six online contaatthese media.

8. On completion of the above steps, a student isfegchto take examination

How to Prepare for GST 203 Examination

To prepare for the examination, you should read @mdkrstand the study material
given to you on CD-ROM. Other materials you shaed to prepare for the examination

include:
v’ the various power points presentations providetherblog
v the various links provided at the end of the units
v" The sample questions at the end of every section

v' The recommended reading texts

Prerequisites

All students taking this course should be 200 lestadents or above and must be

computer literate.

Assessments

A. The continuous assessment for GST 203 is 30%, stongiof 10% contact and
consultation and 20% for two Tutor-Marked Assignisen

B. The examination shall make up 70% of the total mark

C. Feedback and advice is a component of the contgiassessment.



D. The examination shall be conducted at the DL Cef@dents are to come to the
centre on the examination date with their I.D. samhd pens only. The

examination is computer-based.

E. Plagiarism, indecent and improper use of onlineuases shall be penalized by
marks deduction, failure in the course and refaiwathe Students Disciplinary

Committee.

Module One: Science and the Scientific Method
Unit 1.1: History of Science

Unit 1.2: Philosophy of Science



Unit 1.1: History of Science

Introduction

To understand history and philosophy of scienceretls the need to get well acquainted
with brief history of science itself. Science isiarecognizable to people largely because of
the numerous technological objects which are udédoeer. Apart from its place in
technological development, science is often thougliie the ultimate form of objective and
rational inquiry, and scientists are widely regardes being able to gather and interpret
evidence and use it to arrive at conclusions that‘scientifically proven.” For example,
courts do routinely rely to a large extent on thedence of an expert witness who is a
scientist of some sort to convict or acquit someoha crime. Just like in this example, in
almost all areas of modern life (health, weathgricalture, etc), people are likely to seek or
rely indirectly upon the scientific evidence anck tbpinions of scientists before making
important decisions. This is one reason why undedhg and thinking about science is

important.

1.1.1 Learning Outcomes for Unit 1.1
By the end of this unit, you should be able to:
i. define and explain the meaning of Science.
ii. explain brief history of Science.
iii. differentiate between various types of Science.

iv. explain the contribution of early civilizations the growth and development of
Science.

v. list and explain the process through which scienkihowledge was accumulated.

1.1.2 What is Science?

The answer to this question is of great importaacel many philosophers have sought to
provide an answer so that it can be used to asglesther beliefs that are claimed to be

scientific really are.Sciencecan be defined simply as

a system of accumulating knowledge that uses ohBerv and experimentation to
describe natural phenomena. It is an accumulateg bbknowledge that humanity has



gained over the years using that system. In shoknce refers to any systematic field of
study or the knowledge gained from it.

This definition means that thpurposeof science is to develop general laws that exgiaww
the world around us works and why things happentéye they do. How do we accomplish
such a feat? That's where the “accumulation anskdiaation of observable facts” comes in.
The practice of science involves experimentation and observatcientists observe the
world around them and collect facts. They also glesexperiments that alter the
circumstances they are observing, which in turddet® the collection of more facts. These
facts might eventually allow scientists to learmegh about the world around them so they
can develop ideas that help us understand howattueat world works.

The problem of saying what is scientific and wisatot is called thedemarcation
problem. Some people have claimed scientific status ftietseand practices, such as those
of astrology and creationism (the doctrine that Goehted the Earth a few thousand years
ago). If there is anything of which science corssist is a method or set of methods.
Therefore, the study of scientific method (knowmaethodologyof science) is at the centre

of the philosophy of science.

It is usual to divide the sciences irttgo types, namelythe natural sciences and the
social sciencesNatural scienceshave as their object of study the natural world ertlude
physics, chemistry, astronomy, geology and biolagyile social sciencestudy specifically
human or social world and include psychology, dogy, anthropology and economics. The
philosophical questions they raise are often gditierent from those raised by the natural
sciences. For the purposes of this course, thegwphy of science is the philosophy of

natural science.

1.1.3 The Scientific Method

What distinguishes science from other forms of kieolge is its method. In science the mode
of generating knowledge is referred to as the siiermethod, and it is the logical and
rational order of steps by which scientists comedoclusions about the world around them
is referred to as the scientific method. The sdieninethod helps to organize thoughts and
procedures so that scientists can be confiderttanconclusions they reach. In this section,
the focus will be to discuss the nature of thergdie method beginning with the origins of

modern science in the search for a new methodauiiiy to replace reliance on the authority



of the Church and the pronouncements of the argciénir goal will be to determine whether
we should believe in what science tells us or lepsc about them.

The scientific method has four main stages. These a
1. Observation

2. Turn that observation into hypothesis,

3. Test that hypothesis with experiment,

4. Draw a conclusion from that experiment abouthtjygothesis.

Stage one

The first step is bybservation This is the only acceptable method of learningualka
natural law and it is achieved by takingeasurements(that is, gathering data). Continuous

observation leads to the formulation of hypothesis.

Stage two

This is the stage wherelhypothesisis formed for explanation of phenomenon. A sdfent
hypothesis is an idea or proposition that can beteby observations or experiments, about
the natural world. In order to be considered sdienthypotheses are subject to scientific
evaluation and must be falsifiable, which means tingy are worded in such a way that they

can be proven to be incorrect.

Stage three

In this stage, several experiments or tests byouargroups of independent researchers to
prove or disprove the predictions of the hypothedrs scientific research, it is important to
know that we do not set out to ‘prove’ a hypothesis only test it. Not only is this more

intellectually honest, but it is essential in deagdwhether it is correct or not.

Stage four

Once the hypothesis has been tested, the nextistégelraw a conclusion (prediction) from
that experiment about the hypothesis. The two commethods that are usually used for

predictions arenduction anddeduction which are good logic tools of reasoning. Scieatifi



method uses inductive reasoning. It is a princgdleeasoning that sanctions inference from
the observation of particular instances to a gdizateon that embraces them all and more.
There isinduction by enumeration which is where we simply observe that some large
number of instances of some phenomenon has somactdvstic, and then infer that the
phenomenon always has that property. There is ialdoction by elimination whereby
competitors are eliminated or falsified. Generalhyductive methods have no conclusive
verification. Deductive reasoning derives conclasioom a set of pre-existing premises.

Deduction formulates hypothesis by falsification.

1.1.4 Scientific Theory

When a hypothesis or groups of hypotheses havefreeed by various independent groups
of researchers at various times, the hypothesiactepted as &cientific theory. To
scientists, a theory is a coherent explanationaféarge number of facts and observations

about the natural world. A theory is:

internally consistent and compatible with the ewick

firmly grounded in and based upon evidence

tested against a wide range of phenomena

demonstrably effective in problem-solving

In popular use, a theory is often assumed to impBre speculation, but in science,

something is not called a theory until it has bemmfirmed over many independent

experiments. Theories are more certain than hygethdut less certain than laws. It is often
said that theories can never be proved, but cay lmnldisproved. This is because there is
always the possibility that a new observation gpezdment will be in conflict with long-

standing theories. This conflict often leads tawis callecharadigm shift.

1.1.5 Scientific Law

When overwhelming evidence is obtained over a peoiotime to support scientific theory,
the theory becomes acientific law. A scientific law is a description of a natural
phenomenon or principle that invariably holds twneler specific conditions and will occur

under certain circumstances.



1.1.6 The Scientific Revolution

The period calledhe Scientific revolutiomalso embracethe Copernican revolutigrwhich is
the name given to the period during which the theafr the solar system and the wider
cosmos, which had the Earth at the centre of elvienyt(geocentrism), was replaced by the
theory that the Earth revolved around the Sun dhehtrism). From the philosophical point
of view, the most important development during $hientific revolution was the increasingly
widespread break with the theories of Aristotle4382 BC).

1.1.7 History of Science

The term “science” is a Latin word for ‘knowledgacientia What we today refer to as
science was until the 1840s calledtural philosophy or pre-modern sciencé-or a true
understanding of where we are in science today,neeels to look at what happened in the
past. The history of science can teach us mangrnesabout how science should and should
not be practiced. It can also help us understaedditection in which science is heading
today. Without a historical perspective, howevery will not fully appreciate what science

is. The presentation of the history will be presdrbased on different periods.

1.1.8 Emergence of Science (600 B.C. to 500 A.D)

According to history, the first true scientists emncient Greeks between 600 B.C. and 500
AD. However, before them many cultures like theiamnic Egyptians, Mesopotamians and
Chinese had collected observations and facts, @ditniot tried to use those facts to develop
explanations of the world around thefrhales Anaximander, and Anaximenesstood out
among these Greek scientists.

Thales studied the heavens and made effort to give ataeapon for the movement of the
heavenly bodies (the planets and stars). He was #tblcorrectly predict “short-term
disappearance of the sun.” which of course waslar eclipse an event in which the moon

moves between the earth and the sun, mostly blgekie sun from view.

Anaximander was the first scientist who tried to explain thegim of the human race
without reference to a creator. He explained tiialifa began in the sea, and at one time,
humans were actually some sort of fish. CharlesMatater restarted the idea, and it is

today called evolution.
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Anaximenesbelieved that air was the most basic substancature. In fact, his belief was
that all things were constructed of air. His thimkiis that when air is thinned out, it grows
warm and becomes fire, and that when it thickertemhndenses into liquid and solid matter.
These ideas were found to be wrong; nevertheléssttempts to explain all things in nature

as being made of a single substance led to theepp€atoms.

Leucippus was another Greek scientist who built on the cphead Anaximenes and
proposed that all matter is composed of little sictlled “atoms.” He is known as the father
of atomic theory.

Three other notable scientists from Greek during pleriod aréAristotle, Archimedes and

Ptolemy.

Aristotle’s greatest work was in the study of living things. Mas the first to make a large-
scale attempt at thedassification of animals and plants. Although Aristotle was knol@na
great number of wonderful advances in the sciertesyas also responsible for a great deal
of nonsense that hampered science for many, maass.yéor example, he believed that
certain living organisms spontaneously formed froam-living substances. This idea was
called spontaneous generationand the idea is that living organisms can be spwdusly

formed from nonliving substances.

Archimedes is best known for his work with fluids when he sleal how one could predict

whether or not an object would float in a liquid.

Ptolemy studied the heavens and assumed that the eartatwss center of the universe, and
that the planets and stars orbited about the @arhseries of circles. This system is called
Geocentric system In this system, the earth sits at the centehefuniverse and does not
move. This system was considered the correct eaptanfor the arrangement of planets and

stars in space until about the 1700s.

1.1.9 Dark Ages (500 A.D. to 1000 A.D.)

The development of science during this period wapeded because of the influence of
Roman Empire which was the super power of the ddvid did not believe there is so much
use for trying to explain the world around us. pesthis, there were scientists, including

Alchemy who still experimented and made observations.
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Alchemists mostly wanted to find a means by which lead (omeoother inexpensive
substances) could be transformed into gold (or sother precious substances). It is also
worth noting that during this period a lot of pemphade observations and inventions. For
example, both the Arabs and Chinese were makingfidastudies of the heavens. Their
observations were much more detailed and precae tthose of the Greek scientists before
them. However, there were only few attempts to @&rplvhat the data meant, at least the data
were being collected and were used later by sesisntdo draw significant conclusions about

the world around us.

1.1.10 Beginning of Modern Science (1000 A.D. to 1500 A.D.)

Some important figures in this time period wB@bert GrossetesteRoger Bacon Thomas
Bradwardine andNicholas of Cusa.

Grossetestewas of the opinion that the secrets of the natwaild could be learned by
discovering the laws that God had set in motion.pdmted out that the purpose of inquiry
was to learn theeasonsbehind the facts. In other words, he wanted to arpi/hy things
happened the way they did. That is the essenceiefice. He explained that a scientist
should make observations and then come up withntattee explanation fowhy the
observed events happened. The scientist should rfed® more observations to test his
explanation. If the new observations confirmed é&x@lanation, the explanation might be
considered reliable. If the new observations calittad the explanation, the explanation was
probably wrong. This is essentially the method we in modern science, and thus he is often
called the father of the scientific method. Grosset applied his scientific method to the

problem of explaining the rainbow.

Roger Baconwas a strong advocator of the use of Grossetestefsod. He used science to
break the shackles of superstition. In his daystettwas a belief that a diamond could be
broken only by the application of goat’s blood. Bacproposed experiments that, when
performed, showed that goat’s blood had no effé@taoever on diamonds. He was also of a
strong belief that science could be used to sugperteality of Christianity.

Thomas Bradwardine examined many of Aristotle’s ideas critically armdihd most of them
lacking. He concentrated on motion, and using nma#tties and experiments, he was able to

show that most of what Aristotle said about motias wrong.
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Nicholas of Cusawas interested in knowing more about the idea @wd was infinite. He
studied the planets and the stars, thinking thene yweobably the largest (and thus closest to
infinite) things that he could study. He observidtithe earth spins while it travels around
the sun. This was in direct disagreement with gle ideas. It was confirmed later that his

idea is the correct one.

1.1.11 The Renaissance: The “Golden Age” of Science (1500 A.D. to 1660 A.D.)

Science in this period was very exciting. The exignt came from the scientific works of
many authors, includingNicolaus Copernicus Andreas Vesalius, Johannes Kepler,

Galileo Galilei.

Nicolaus Copernicus,like Nicholas of Cusa, based on his study of earth, plamets, and
stars, also believed that Ptolemy’s view of thevarse was wrong. Copernicus placed the
sun at the center and assumed that the planetading the earth) traveled around the sun.
This system was called theeliocentric system It is sometimes called th€opernican
system in honor of Copernicus.

Andreas Vesaliuswas a medical doctor and tried to show all theitdetd the human body.
He was able to give accurate illustrations of thgans, muscles and skeleton of the human
body.

Johannes Kepler made detailed observations of the planets. He wenihe extent of
deducing the basic orbits the planets use to trav@lind the sun. These orbits, he also
describes using mathematical equations which tadayknown as “Kepler's Laws,” and they
became one of the most powerful arguments for giedentric system. His data showed that
the planets do not really travel around the suairicies. They actually travel around the sun

following an oval pattern, which mathematiciand ealellipse

Galileo Galilei provided another set of evidence that supportemdeitric system. He did
detailed experiments about motion, confirming therkwof Bradwardine and showing the
flaws in Aristotle’s thinking. Galileo worked wittelescopes and collected volumes of data
about the planets and the stars. With the dataydseable to show that the planets do not
shine on their own, but that they appear as lightke night sky simply because they reflect

the light of the sun. In addition, he showed tlna light coming from Venus went through
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phases, just like the moon. Facts like these maadear that the heliocentric view was

superior to the geocentric view.

1.1.12 The Era of Newton (1660 A.D. to 1735 A. D.)

This period also witnessed a lot of exciting disEoes in science.lsaac Newtonwas a

major player in this era. Other scientists inctiB®bert Boyle, Antoni van Leeuwenhoek

Isaac Newton’sachievements during the period included the fortraeof the three laws of
motions. In formulating the law, he made a dirathk between mathematics and science, and
consequently proposed that a scientific law wagegsdf it could not be used to develop a
mathematical equation that would describe somecésp¢ nature. In addition to the laws of
motion, he also added many details to the undetstgnof the motion of fluids and laid
down his universal law of gravitation. Newton usksdailed experiments and observations to

show that the reason an object falls when droppeidue to gravity.

Robert Boyle did many experiments with gases, formulating lawet fire still used today in
chemistry. Antoni van Leeuwenhoek,also during this period, built the firghicroscope,
and that enabled him to see a world that had beasible up to the period, which enabled
him to discover many tiny (microscopic) life forms¢luding bacteria. The existence of these
life forms helped scientists explain many thingatthad been, up to this point, complete

mysteries.

1.1.13 Industrial Revolution (1735 A.D. to 1820 A.D.)

During this period Antoine-Laurent Lavoisier was busy studying chemical reactions. He
analyzed chemical reactions in a systematic wayrealized that matter cannot be created or
destroyed — it can only change forms. This is knasnheLaw of Mass Conservation He
was also the first to properly explastombustion

John Dalton, another scientist, carried out many experimenth gases and proposed many
new ideas that helped guide science in the futbtie most important work during the period
was hisatomic theory. Building on the works of Democritus and others)tbn proposed a

detailed theory about atoms. Although a few of idsas were wrong, most of them were

right.
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In this age, scientific knowledge grew; many inwgatwere able to use this knowledge to
invent machines that made work faster and moreymtoce. The use of the machines turned
hours of manual labor into just a few minutes ofkvd his changed forever the way things

were made, and so this period in history is aldleddhelndustrial Revolution.

1.1.14 The Remaining Part of 19t Century (1820 A.D. to 1900 A.D.)

This period is probably best known for the work @arles R. Darwin. He proposed a
theory that attempted to explain the diversity ité that exists on earth. This theory, now
known as the theory of evolution, made no referénc8od. This proposition has advanced
biology enormously. Up until the time of Darwirngork, most scientists thought living
creatures stayed the same throughout history. Herawords, scientists thought that every
type of creature that exists today has existedutfitout history. This idea was called the
immutability of the species and Darwin masterfully showed that this just wiatne. He
showed that living organisms can adapt to changéseir surroundings through a process he
called natural selection Over time, this can lead to new organisms that radically

different from their ancestors.

In this time period,Louis Pasteur was able to finally destroy the idea of spontaneous
generation, once and for all, and made great adgaincthe study of bacteria and other living
organisms. He developed a process cglasteurization, which he originally used to keep
wine from souring. Louis Pasteur is also knownHisrbrilliant work with vaccines. His work

laid the foundation for most of today’s vaccines.

Gregor Mendel also during this period devoted much of his liféhte study of reproduction.
The entire field of modergenetics which studies how traits are passed on from paren

offspring, is based on his work.

During this period in history, science developethiach better understanding of electricity
and magnetisnMichael Faraday's experiments and ideas about electricity were dlging

this period. Many of the terms used in the studeglettricity today are terms that were first
used by Faraday. He believed that electricity aradjnetism were actually the result of a
single process. In other words, he believed thaitexer made electricity run through wires

also made magnets stick to certain metals.
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James Clerk Maxwell worked with Faraday and was intrigued by Faradaysk. Faraday

could not offer evidence for the idea that whatewade electricity run through wires also
made magnets stick to certain metals, It was Maxwieb was able to develop mathematical
equations that showed Faraday was right, thatrelgégtand magnetism are both different

aspects of the same phenomenon, now calleciromagnetism

Another very important scientist of this period wksnes Joule He determined that, like
matter, energy cannot be created or destroye@nlioaly change forms. This is now known
as theFirst Law of Thermodynamics, and it is the guiding principle in the study okegy.

1.1.15 Modern Science (1900 A.D. to the Present)

By this time, the thought of many was that all tbatild be discovered about nature had all
been discovered. This changed whilax Planck produced a revolutionary idea. He
explained certain experiments that could not belagx@d in terms of Newton’s laws. To
offer explanation, he proposed that much like magbasts in tiny packets called atoms,
energy exists in tiny packets, which he caliptnta. Planck produced a lot of evidence for
his idea, and after a long while, it became acakptethe scientific community. Eventually,
an entirely new way of looking at energy and mattalled quantum mechanics was
formed as a result of Planck’s idea.

One of the most famous scientists in quantum mecbamasAlbert Einstein. He used
Planck’s idea of energy quanta to explain “photcteie effect” which could not be explained

by Newton’s laws of motion.

There were later many works that confirmed Plandti&a. One of the pivotal cases was
made byNiels Bohr. Bohr developed a picture of the atom, which witba Bohr Model.
This picture of the atom required the assumpti@t émergy comes in small packets. Using
the Bohr Model, many of the mysteries of the atoaremevealed. In the end, the weight of
the evidence overwhelmed the scientific communitg&s/otion to Newton’s laws, and

guantum mechanics became the new guiding prinsi@eience.

1.1.16 Conclusion

We can see that science, as we know it today, Hasgahistory. The history of science is
also related to many civilizations (Greek, Arabsbfonians, etc.). There is no way
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which one could cover everything about the histafy science in just one course.

Nevertheless, this is a reasonable overview.
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Unit 1.2: Philosophy of Science

In this unit the following will be focused on
* Meaning of philosophy of science

» Identify scholars behind the development of phifsoof science

Objectives

At the end of this unit, you are expected to:
i. explain the importance of philosophy of science;
ii. narrate its history and evolution;

iii. identify the major scholars that shaped its develenm.

Introduction

As the name implies, philosophy of science is al@aation of philosophical and scientific
thinking. Even though science, as we defined iumitl.1, is methodical and objective,
because it is practiced by human beings. It isesulip human understanding of things they
see and observe. These understanding and thinkiogt &cience affect what scientists do
and how they do it. The scientific method is the@ndation of what is today known as
philosophy of science. The scientific method isufends of years old and is still developing.
Many scientists and philosophers have contribubettie philosophy of science, but the most
outstanding ones are William of Ockham, Edward Sapd Benjamin Whorf, W.V. Quine,
Karl Popper, Thomas Bayes and E.T. Jaynes, ettod8phy of science is an important and
fast-evolving discipline in its own right. Major wibutions to the discipline come from both
scientists and philosophers alike.

1.2.1 Definition of Philosophy of Science

Philosophy of science is defined as a branch olopbphy that studies the philosophical
assumptions, foundations and implications of s@erihese include the natural sciences,
such as physics, chemistry and biology; the s@amnces, such as psychology, history and
sociology, and currently the formal sciences swglogic, mathematics, set theory and proof
theory. Debate is robust within the discipline andch remains inconclusive, because for
nearly every assertion advanced, a philosophebeaiound who will disagree with it. Can
you define philosophy of science in your own wordaR®ite your own definition of
philosophy of science for group discussion.
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1.2.2 The Various Theories in Philosophy of Science

There are many schools of thought within the fiefdphilosophy of science which explain
various scientific views. The following are the wrapnes:

Ockham'’s Razor:

The scientific method is the first real step on tbad to what is today known as
philosophy of science. Many scholars have maderibomions to the philosophy of
science, but it was William Ockham (c. 1295 — 134@}t came up with what is today
known as Ockham’s razor. Though it has been phrasethany ways, its most
popular variant says: “entities should not be rplitd beyond necessity”. The world
renowned physicist Albert Einstein rephrased it‘@ske everything as simple as
possible, but not simpler’. Hundreds of years lat@ckham ’s razor has been

reformulated in a quantitative and mathematical mean

Whorfianism:

The observation that different languages have miffewords for different objects, and that
the particular language we use biases the obsengatve make and the conclusions we reach
was made by Edward Sapir and Benjamin Whorf inl®@0s. The import of this observation
was not realized until the 1970s when it becameaoatsvthatWhorfianism or the Sapir-
Whorf hypothesis could be extended to all areah®fscientific process — as human beings,
our brains work a certain way, and every aspedt bas the potential to slightly bias our
observations. That very much like there are optibasions that prey upon our imperfect
perceptual systems to produce errors in judgméetetare cognitive illusions that testably
produce beliefs that contradict fundamental lawgrisbability theory. That is, they are like
medicated eye glasses which show objects in unvagbs and is used to judge the object

which obviously will result to biased judgments.

Theory of Falsifiability:

W.V. Quine, the mid 2D century philosopher, asserted that for any givemno$ empirical
facts, many theories can be generated to explaim.thiie insisted that we can never know
what theory is “correct” until we get more datatdbk Karl Popper (see Fig. 1), another
philosopher of science, to reject this and repliacgith the theory of falsifiability which

argues that for something to be science, it musgeé hlae potential to be refuted by further
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experimentation. This is one of the most frequenitgd contributions to the philosophy of

science.

Bayesianism:

Another significant contribution to the philosopblyscience was made by Reverend Thomas
Bayes, an 18 century evangelist and his intellectual heir, Bldynes (1922 - 1998). Adding
to a result in probability theory called Bayes’ eulJayne’s formalised the process of
hypothesis construction based on precise mathemhdeindations. Bayes’ rule accepts
subjectivism; that we can never know anything 10@4 only with varying degrees of
confidence, which can be precisely updated basedinooming evidence and prior
probabilities. This is the school currently knowsBayesianism which is very popular and

growing in the physical and computer sciences.

Philosophy of science is still growing and transforg with the contributions of scientists

and philosophers of different disciplines and s¢hodthought.

1.2.3 Summary

In this unit, philosophy of science, as a subjestdefined. The definition states that
philosophy of science is a branch of philosophy #tadies the assumptions, implication and

foundation of science. The unit also discusses rizajor theories of philosophy of science.

1.2.4 Conclusion

We can observe from going through this unit thégreze as methodical and objective as it is,
is carried out with human perceptions and assumgtichich can be subjective. Philosophers
of science have been trying to provide understandfrhow such human or social behaviour
affect the work of scientists whether in a labongton the field or in thinking. That tells us
that science as human endeavour is not complebgdeive but mixed human subijectivities.
Despite these subjectivities, however, sciencedds to make meaningful contributions to

our lives.
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Self Assessment Questions No. 1
Answer the following questions by filling in thercect answers in the blank spaces.

1. Theory argues that for something tesdience, it must have the
potential to be refuted for further experiment.

Philosophy of science is defined as

Theory of philosophy of sciencenleeld to language use.

Philosophy of science is a branch of

a c W DN

Theory argues that things should be msadple as possible but not
beyond that.

Tutor Marked Assignment No. 1
1. What are the distinctions between early sciencenaodern science?

2. List and explain two theories of philosophy of swe.
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Module Two: The Origin of the Universe

Unit 2.1: Origins of the Universe

In this unit, the following will be focused upon:

» The rationale for discussing the origins of theverse.

* The scientific basis for explanation of the origaighe universe.

» The ancient Greek civilization and how it encoudages study of the living.

* How Thales, one of the earlier Greek philosophenisyoked interest on the origins of
the universe.

* The various ancient Greek scholars/philosophengfagation of the origins of the
universe.

* The basis for the review of the earlier theorietheforigins of the universe.

» The Big Bang and Quantum Cosmological theoriesherotigins of the universe.

Objectives

At the end of this unit, you should be able to:

i. Explain the theory of everything and its connectioth the origin of the universe.

ii. Explain the basis for the explanation of the omsgir the universe.

iii. Explain the influence of Greek civilization ¢ime origin of the universe.

iv. Discuss how Thales provoked the discussion ontigee of the universe.

v. List and explain the seven bases for the explamatidhe origins of the universe by
ancient Greek scholars.

vi. Explain the basis for the review of earlier ancigetories of the origin of the
universe.

vii. Explain the Big Bang and Quantum Cosmological tiesoon the origins of the
universe.

Introduction

Since time immemorial, numerous people have bearcisimg for the origin of the universe.
The universe, as constituted, has remained an iegdunystery and a tall challenge to
successive generations dating back to the distsit @Ppinions had varied about the origin of
the universe. The curiosity of contemporary manricavel the mystery of the origin of the
universe is not unprecedented. From the time imnniethe mystery about the origin of the
universe had attracted the attention of man. Is thit, you're introduced to the scientific
theories or explanation of how the world or unieestarted. It should be seen that theories on
the origins of the universe are as old as scieéfige.theories of the origins of the universe are
as follows:
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2.1.1 Theories of the Origin of the Universe by Ancient Greeks

It must be placed on record that the Ancient Grdedd distinguished themselves as pace-
setters in the bid to explain the origin of theuwaense. The Greek civilization was unique and
could be distinguished from other centers of cation in the past. Whereas centres of
civilization, such as Egypt, Assyria, China, Indigtec and a host of others, devoted their
resources, energies and time to the glorificatibrthe dead, by building monuments or

pyramids, to venerate them, the Greek civilizatiaas about the celebration and sanctity of
human life. The Greek had proclaimed that man ésrttost wonderful creature on earth.

Therefore, the Greeks deployed their resourcesaleerife worth living for their citizens.

In the 6" Century BC, the Greeks in the Mediterranean islafiidiletus asked a fundamental
guestion about the genesis of the universe. Thistavdbecome an important question whose
validity and ramifications had outlived generatiotisnes, locations and ages. The first
person to ask the question wHsales a philosopher, who asked what was the world made
of. Such question or enquiry was thought unnecgdsarause the issue of the creation of the
universe was not only thought to be conclusive lieibngs to the realm of the spiritual
world, which was not opened to ordinary person.ld@heefused to go to the priest to seek an
answer to his question. Instead, he proclaimedHisatjuestion was scientific in nature and
deserved scientific answer. That would have amaltdaleclaration of rebellion against the
status-quo-which could not have taken such an rfiightly. At the risk of his life, Thales

pronounced that Water was the ultimate explandtiothe origin of the universe.

The significance of his position could be seerhim tourage he had, to make a declaration
of that nature in a society where issues could telyhandled through the intervention of

spirits. In other words, it was not the neatneshkisfargument or his answer that mattered
but what mattered was that it opened the floodfmtesubsequent scholars who had been

provoked by his question and answer.

Subsequently, other philosophers were to followfoasteps and provided answers to his
guestion, albeit in different ways and contextattdition to the explanation of the origins of
the universe by Thales, below is the chronologgtber scholars who attempted to answer
the question on the origin of the physical world:
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Anaximene:

had also asserted that the world was made frorma kf matter that was shapeless and

motionless. He could not account for the origirthef matter itself.

Anaximander:

had claimed that the universe was made from pure ai

Heraclitus:

was of the opinion that the universe was made faonenduring impact of everlasting
fire. He was reputed to have said that the worid the state of flux that nothing appears

to be steady. Hence, he summed up that “You castaptinto the same river”.

Aristotle:

had attributed the origin of the universe to Fidstler unmovable mover. He had asserted
that the creator of the universe has the powerdeeneverything around it, but it remains

unmoved.

Plato:

in his theory of Forms went beyond mere explanagioout the origin of the universe but
equally alluded to the fact that what is knowallevhat is permanent. He contended that
the physical world as constructed is subject tguent changes; hence our desire to
explain it is dwarfed. He claimed that the only ldothat is knowable is the super-
sensible one where things are permanent and tmerefould be explained. Therefore,
Plato’s theory was to provide a fascinating dimengo the quest by humanity to unravel

the mysteries of the physical world.

Pythagoras:

who was a mathematician and magician had claimstdNbIMBER s the first substance,
hence accounts for the origin of the universe. He substantiated his claim by saying
that since everything in the world is related te @amother in terms of numbers, inevitably

it becomes the sole explanation for the originhef ainiverse.

There are also other scholars who had attemptegkpain the origin of the universe.

Note that theories by ancient Greeks are many mbau but was started by Thales.
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2.1.2 The Big Bang Theory

The Big Bang theory is the cosmological model &f timiverse that is best supported by lives
scientific evidence and observation. As used bgmdists, the term Big Bang generally refers
to the idea that the universe had expanded fromgsdial hot and dense initial condition at
some finite time in the past and continues to esdarthis day. George Lemaintres proposed
what became known as the Big Bang theory of thgiroof the universe. However, he called
it with another name, “hypothesis of the primevalna’. The framework for the model relies
on Albert Einstein’s general relativity theory asrhulated by Alexander Friedmann.

The Big bang theory was developed from observatibthe structure of the universe and
from theoretical consideration. In 1912, VeSliipher measured the first Doppler shift of a
“Spiral nebula”, which is an obsolete term for apigalaxies and discovered that almost all
such galaxies were receding or going away from hEaHe did not understand the
cosmological implication of this fact. Ten yearsela Friedmann showed that the universe

might be expanding in contrast to static universel@hadvocated by Einstein.

In 1924, Edwin Hubbles confirmed that the spirabuiae were indeed other galaxies.
Independently, in 1927, Georges Lemmatizes, Belglaysicist predicted that the recession
of the nebulae was due to the expansion of theeusegv In 1931, Georges Lemmatizes
suggested that there was evidence that the uniVedecontracted backward in time. This

suggestion was to provide the basis for the dewedoy of the Big Bang theory.

The Big Bang theory is relevant from the above aolknd of the universe. The exponent of
the theory had argued that if in"2@entury, the galaxies were expanding, by an inwers
argument at a time the galaxigmt were expanding had compressed. Robert Penrose, who
proposed the theory, alluded to the processes wflimg and rewinding of the galaxies as
having accounted for the origin of the universee Exponent of the theory contented that the
universe had emerged from high level of monumestplosion triggered off by high density
created by the compression of the galaxies. It elaisned that there was pre-existing void,
which facilitated the processes that led to emergeat the universe. The universe was said
to have been created about 15 billion years ago.

As we shall see later, the inadequacy of the abuwedel, notwithstanding, it could be
considered a major breakthrough in the bid to emglae origin of the universe. However,
there is no doubt that the theory appeared to hased more dust than it had sought to

settle. Several unanswered questions have arigentfre model.
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This is, more so, as the exponents of the Big BEmgpry had laid claims to science as the
springboard for the theory- thereby exposing futther questioning. Perhaps, if they had not
claimed that they were scientists, their opiniorauld have been tolerable. However, that

was not to be; hence, the shortcomings associatadtve big bang Theory.
The unanswered questions associated with the thednde the following:

(@) The theory was unable to explain how the cpeatif the universe could have taken
place without the singularity of time, space andteratied together. Whereas they
alluded to pre-existing void, they were unable ¢ocaint for time and space, hence

raising a fundamental question about the scieatibn of this science model.

(b) The model could not account for the origin bé tpre-existing void said to have

facilitated its emergence; neither could they exptaigin of galaxies themselves.

(© Is it feasible to argue that time and spacengpeeously came into being at the same

time?

(d) Besides, if the galaxies wind and rewind agwta by the exponents, are we likely to
experience another contraction in future that cadtgher another explosion? If yes,

what would be the implication of that developmenirtankind?

(e) It is equally contradicting that galaxies thetre said to be part of the universe could

be used to account for the origin of the universe.

2.1.3 Quantum Cosmological Theory

Hitherto, the great edifice of physics that wadthup in the 1% century through the work of
such pioneers as Galilieo Galilei and Isaac Newtas commonly referred to as classical
mechanics. The great triumph of Newton was to destmate that his law of motion correctly
describes the shapes and periods of the planethitg.dn time, it was assumed that if every
particle of matter is subject to Newton’s law, wills motion’s determined by initial
conditions and forces acting upon it, then evengltthat happens in the universe is fixed in
every detail. The universe is clock. Everythingtteeer happened is happening now or will
happen in the future which has been unalterablgradenhed from the first instance of time.

The future is fixed. This was the sweeping implmaiof Newtonian machines.
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However, Davies Paul (1988) asserted that if theréuis determined by the present, then the
future is in a way already contained in the pres€hé present state of the universe contains
the information for the past too. All of existenisethus frozen in a single moment of time.
Past and future have no real meaning. Things gypdming. Time flows. What this means is
that it seems the universe has never ceased teeb#@ve, fashioning ever, newer and more
novel structure and relationship in the wondrowngition from the stardust to thinking

humans.

The above standpoint, notwithstanding, it wouldnsehat the scientific search for the
ultimate explanation about the origin of the unseeremains an issue of concern. Such
concerns and frustration among scientific commuwigye echoed by Emil Wiechert when he
said: “so far as modern science is concerned, we ttaabandon completely the idea that by
going into the realm of the same, we shall reaehultimate foundation of the universe. |
believe we can abandon this idea without any redie universe is infinite in all directions,
not only above up in the large but also below afiensmall. If we start from our human scale
of existence and explore the context of the unevéusther and further, we finally arrive both
in the large and in the small, at misty distancé®m first our senses and then even our
concepts fails us.”

It is against the above background that the Quar@asmologists evolved and positioned
their theory. The exponents of the Quantum, cosgicéb theory had viewed the Big Bang
Theory with serious misgiving, given its deficieegiand infertility as scientific platform for
the explanation of the origin of the universe. e tight of the above, the exponents of
Quantum Cosmological theory assert that for thatme of the universe to take place in the
manner presented by the Big Bang Theory, the samngulof time, space and matter would
have been present. They further, argue that imatisence of the above scenario, it would
amount to contempt of scientific reasoning to ughible Big Bang Theory as a dependable
framework to explain the origin of the universeeylwere of the view that the universe as
presently constituted is a dynamic force of setfation.

However, like the Big Bang Theory, the Quantum Colegists equally have their
shortcomings. Firstly, they fail to explain thegin of the universe itself and the process of
its self-creation. Besides, they are unable toa@rphe transformation of the universe from
its infancy to date. Perhaps, an agitating questamuld be the size of the universe at the
beginning. Besides were there universes or onesuse?
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From the foregoing, it could be argued that ewethe face of the pervasive “Theory of
everything” the nature of true and our bid to ustkard the origin of the universe seems to be
that it ever recedes from our grasp. Or could iabmase of “the more we look the less we

see”.

Self Assessment Questions, No.3

1. Discuss the contribution of Ancient Greek Scleota the understanding of the origin
of the universe.

2. Thales argued that the universe originated freeer. Can you explain three other
arguments by ancient Greek philosophers?

3. In your own words, discuss how the Big Bangtiieeame about.

3. Do you think that the Quantum Cosmological madeh better explanation for the

origin of the universe? Explain your answer in deta

Further Reading

Slipher, V.M. “Spectrographic observations of Nei®il Popular Astronomy23:21-24
http:/adsabs.harvard.edu/abs/1915PA23Q. 215

Hesse, M. (1981)Revolution and Reconstructions in Philosophy ofeigm Brighton
Harvester Press.

Thomas, K, (1970)The Structure of Scientific Revolutidbhicago University Press.
Hawking, S. (1988)A Brief History of TimeBantam Books, Toronto.
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Module Three: Introduction to the Sciences
Unit 3.1: Physics

Unit 3.2: Mathematics

Unit 3.3 Chemistry

Unit 3.4: Biology

Unit 3.1: Physics
In this unit, the following will be focused upon:
* The history of physics
» The contribution of physics to societal development

* The major personalities behind the developmenthgkies

Objectives
It is envisaged that after going through this uyit should be able to:-
i) Explain the evolution of physics as a course ofigtu

i) Appreciate the contribution of physics to sociel@elopment.

Introduction

In this unit, the definition, brief history and roajclassifications of physics as a discipline are
discussed. Also discussed are the major persasabghind the discoveries in the discipline.
Under the history of physics, the various stagdgbenhistory of physics are explained.

3.1.1 Definition and Origins of Physics

Physics is a branch of Science which deals withstbdy of matter and energy. In Physics,
content of the universe, the forces they exertrmanother and the results produced by these

forces are studied.

Physics has a wide scope, often closely relatetid¢mther natural sciences and, in a sense,
encompasses them. Chemistry, for example, deals thé interactions of atoms to form
molecules; much of modern geology is largely a wtafithe physics of the earth and is

known as geophysics; and astronomy deals with thesips of stars and the outer space.
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Even living systems are made up of fundamentaigb@stand, as studied in biophysics and
biochemistry, they follow the same types of lawshessimpler particles traditionally studied

by physicists.

Physics emerged as a separate field of endeavayirothe early 18 century. Prior to that,
virtually anybody who could dabble into physicsmsoch so that a physicist was often also a
mathematician, philosopher, chemist, biologist, ieeer, or even a political leader or an
artist. Today, the field has grown so wide that gitigts have to specialize in one or two

branches of the science.
3.1.2 Stages in the History of Physics

Antiquity:

The history of physics dates back to antiquity, wilee Babylonians, Egyptians and early
Mesoamericans observed the motions of the plametsacceeded in predicting eclipses, but
failed to find an underlying system governing pkang motion. Further contributions came
from the Greeks notable among whom are Archimedd®) designed various practical
mechanical devices such as levers and screws, aadumred the density of solid bodies by
submerging them in a liquid, and the mathematieiath geographer Ptolemy, who proposed
the of planetary motion (Ptolemaic system), in \tige earth was the centre and sun, moon

and stars moved around it in circular orbits.

Middle Ages:

The middle ages brought little progress with théahte exception of the advocacy of the
experimental method as the true foundation of s$idierknowledge by, especially, the

English scholastic philosopher and scientist, R@gaon.

Renaissance:

By the 16" and 17" centuries, following the renaissance, a highlycsssful attempt was

launched to interpret the behaviour of heavenlyidmdrhe push was initiated by the Polish
philosopher Nicolaus Copernicus who propoundedhilecentric system that the planets
move around the sun, and was reinforced by the &erastronomer Johannes Kepler who
provided precise astronomical measurements whiavigied data to overthrow the Ptolemaic
system, and further led to the enunciation of thieegs, known as Kepler's laws, that

conformed with a heliocentric theory. Galileo theanstructed his telescope, and beginning
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in 1609, was able to confirm the heliocentric systén addition to laying down the
foundation of mechanics (by making observationsfalting bodies) which reached its

pinnacle during the time of Isaac Newton.

Modern:

(see notes below).

The following gives a brief account of the histatidevelopments in various important areas

in physics:

Mechanics

By about 1665, Isaac Newton enunciated the priasigf mechanics (Newton’s laws of
motion), formulated the law of universal gravitatioseparated white light into colours,
proposed a theory for the propagation of light amented differential and integral calculus.
Newton’s contributions covered an enormous rangeatiiral phenomena. He was thus able
to show that not only Kepler's laws of planetarytion but also Galileo’s discoveries of
falling bodies follow a combination of his own sadolaw of motion and the law of
gravitation, and to predict the appearance of cemexplain the effect of the moon in
producing the tides, and explain the precessidh@fquinoxes. Subsequent development of
physics owes much to Newton’s laws of motion, eglgcthe second law, which states that
the force needed to accelerate an object will bepgtional to its mass times the
acceleration. His contribution to the descriptidriarces led to the elucidation of the force of
gravity- one of only four known fundamental forces the universe, the others being:
electromagnetic force, nuclear force and, the weates accounting for the phenomenon of

radioactivity.

Electricity and Magnetism

Although electrostatics was known to the ancierdggks, and the Chinese have used magnets
as far back as 2700 BC, a clear understandingeefradity magnetism did not occur until the
end of the 18 century. In 1785, the French physicist Charles ustige de Coulomb first
confirmed experimentally that electric chargesaattror repel one another according to an
inverse square law, similar to that of gravitati@npowerful theory to calculate the effect of

any number of static electric charges arbitraristributed was subsequently developed by
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the French mathematician Simeon Denis Poisson hadGerman mathematician Carl
Friedrich Gauss. The development of a chemicalebatby Alessandro Volta in 1800,
provided the ability to maintain an electromotivece (EMF) required to drive electrically
charged particles — electricity. Soon afterwartte German physicist Georg Simon Ohm
discovered the existence of a simple proportiopalinstant between the current flowing and

the electromotive force supplied by the batterygwn as the resistance of the circuit.

Historical concepts of magnetism started in th® &@ntury. The first connection between
magnetism and electricity came about as a resutiefvorks of the Danish physicist Hans
Christian Oersted and the French scientist AndreieMAmpere, both in 1819. By 1831,
Michael Faraday had put forward his findings orcetamagnetic induction. These qualitative
findings were finally summarized into a precise meamtatical concept by James Clerk
Maxwell in a set of partial differential equatiobgaring his name. An unexpected result
arising from the solution of the Maxwell equatioissthe prediction of electromagnetic
waves. In 1887, the German physicist Heinrich Rplddflertz succeeded in generating such
waves by electrical means, thereby laying the fatiod for radio, radar, television, and

other forms of telecommunications.

Light

The apparent linear propagation of light was kn@awite antiquity, and the ancient Greeks
believed that light consisted of corpuscles; a viesd by Newton. The English scientist
Robert Hooke and Dutch astronomer, mathematiciath @imysicist Christian Huygens

proposed a wave theory of light, which was confulniy the demonstration of interference
in the early 19 century by the British physicist Thomas Young. Hwer, the particle nature

of light had to be assumed by Max Planck in 1908 ¢hlled it quanta) to explain the
blackbody radiation and by Albert Einstein to explahotoelectric effect in 1905 (photons).

The speed of light was first measured by the Daaglonomer Olaus Roemer in 1676. His
measurement was in fair agreement with the imprd@'d- century observations of Armand
Fizeau, and with the work of the American Albertralbam Michelson and co-workers,
which extended into the ?O:entury. Maxwell showed that light is electromagna nature,

and his work predicted the existence of non-visilgkt. Today, electromagnetic waves are

known to cover from gamma rays, through x-rayspledight, microwaves and radio waves.
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Maxwell's work, however, could not provide insigmto the mysterious medium called
ether, a hypothetical substance that was thoughtransmit electromagnetic radiation,
including light, and was thought to permeate akcgp In 1887, the Michelson- Morley
experiment, named after the American physicist Albichelson and the American chemist
Edward Williams Morley, was performed, to measure motion of the earth through the
ether. The result of the experiment was unexpeatet! inexplicable. It was not until the

arrival of the theory of relativity in 1905 that arplanation was obtained.

Thermodynamics

Thermodynamics assumed major stature during tfiecédtury, and helped to disentangle
the confusion in the concepts of heat and temperdiy arriving at meaningful definitions

and relating them to concepts of work and enerdpe first true connections between heat
and other forms of energy (ability to do work) vadsserved in 1798 by Benjamin Thompson
who noted that the heat produced in the boringaminon was roughly proportional to the
amount of work done (product of a force and thdadise moved by a body during its

application). The equivalence of heat and work egglained by Ferdinand von Helmholtz

and Lord Kelvin in the middle of the 19 century,danumerically determined by James
Prescott Joule in several experiments between 48d01849. These led to the formulations
of thefirst law of thermodynamics, a statement of the conservation of enemgyefgy can

neither be created nor destroyed, but can be cdasddp one form or the other

In 1824 the French physicist Nicolas Sadi Carnahfed out that a heat engine (a device that
can produce work continuously while only exchangieat with its surroundings) requires
both a hot body as a source of heat and a cold tmdpsorb heat that must be discharged.
When the engine performs work, heat must be trarsfdrom the hotter to the colder body.
These ideas were eventually formulated rigorouslthasecond law of thermodynamicdy

the German physicist Rudolph Julius Clausius and.drgl Kelvin in various alternate but
equivalent forms. One such formulation is thaat cannot flow from a colder to a hotter
body without the expenditure of worlkContemporaneous with the developments in
thermodynamics, kinetic theory and statistical namits was being developed by scientists
like Maxwell, Ludwig Boltzmann and a host of oth@rysicists. Kinetic theory applied the
laws of mechanics and probability to the behaviobirindividual molecules, and drew

statistical inferences about the properties ofsa @me of the achievements of kinetic theory
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was to show that temperature, the macroscopic thadymamic property describing the

system as a whole, was directly related to theameskinetic of the molecules.

Early Atomic and Molecular Theories

The results obtained from utilizing spectroscopyain insight into the interior of the atom,
combined with the discovery of subatomic particlesntrived to overthrow the classical
theories of physics.

In 1823, the British astronomer and chemist SirnJBhederick Herschel suggested that a
chemical substance might be identified by examirisgpectrum — the discrete wavelength
pattern in which light from a gaseous substancamgted. As a result, the spectra of many
substances have been catalogued. Discrete lindgrapmioginate from gaseous substances,
while a heated solid has a continuous spectrum therfull visible range and into the

infrared and ultraviolet regions. Attempts to explthese radiation characteristics using the

tools of theoretical physics available at the ehthe 19" century led to a wrong conclusion.

3.1.3 The Breakdown of Classical Physics

By 1880, most phenomena could be explained by Naamo mechanics, Maxwell's
electromagnetic theory, thermodynamics, and Boltansa statistical mechanics. A few
problems, such as the determination of the progeedf the ether and the explanation of the
radiation spectra from solids and gases, appeamssolved. These unexplained phenomena
sowed the seeds of a revolution, which, augmented beries of remarkable discoveries,
changed the understanding of physics as it is knioday. The remarkable discoveries which
came within the last decade of thé"i@ntury include the discovery of x-rays by Wilhelm
Conrad Roentgen of Germany in 1895; the electro8ibyoseph John Thomson of Britain in
1895; of radioactivity by Antoine Henri BecquerélFsance in 1896; and of the photoelectric
effect by Hertz, Wilhelm Hallwachs, and Philipp EBdd Anton Lenard of Germany during
the period 1887 and 1899. Coupled with the obsemstof Michelson-Morley and the
discovery of cathode rays, experimental evidengehiysics outstripped all available theories

to explain it.
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3.1.4 Modern Physics

Two major new developments during the first thifcttee 20" century, the quantum theory
and the theory of relativity, explained these fig¥, yielded new discoveries, and radically
changed the understanding of physics as it is knoday.

Relativity

By the early part of the J0century, a German-American scientist called Allgiristein
developed a theory which originally attempted tocamt for certain anomalies in the concept
of relative motion, but which in its ramifications, developed into arfethe most important
basic concepts in physics. The theory of relatiistyhe basis of the essential unity of matter
and energy (matter and energy equivalence thrduglequation, E = mMicwhere E refers to
energy, m to the mass of matter and c is the spebght, numerically equal to 3 x 30i/s),

of space and time, and of the forces of gravity acwkleration.

Quantum Theory

Quantum theory is concerned with explaining howiplas of a matter or the tiniest part of a
thing like wood, stone, water, etc can interacthimitthemselves and with energy. Unlike
classical physics which is concerned with descglilre behaviour of objects in larger scale,
guantum theory is concerned with describing theabiglur of the universe in a smaller scale.
Quantum theory describes all fundamental forcesept gravity - that physicists have found
in nature. In another words, the theory was dewadjp account for sub-atomic behaviour
called quantum mechanics or wave mechanics. Itestan 1923 with the postulate of de
Broglie, that all particles have both wave andipkrtproperties nature. This is referred to as
the wave — particle duality. Simply put, all pale® behave just like light (which a form of

waves) and as patrticles.

Related to the above principle of quantum theorynsther one called intrinsic angular
momentum or spin discovered by Wolfang Pauli inSL%mply put, tiny particles of matter
do not stay fixed in one position but move and spund at the same time. Imagine a ball
that is thrown from one distance to another. As ihoving, it is also rolling round itself; this
is how particles behave, and that is why the ppiecis called spin or intrinsic angular
momentum. Additional important concepts have beeorporated into quantum mechanics.
These include the discovery of uncertainty prireiply Heisenberg in 1927. The principle

asserts the existence of a natural limit to thecipr@n with which certain pairs of physical
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guantities can be known. Simply put, one cannottxapecify the location of particles as
they keep moving constantly. The uncertainty ppleistates that it is impossible to specify
simultaneously the position and momentum of a glartsuch as an electron, with precision.
The principle, also referred to as the indetermynpdnciple, further states that a more
accurate determination of one quantity will resalt less precise measurement of the other.
The implication of this is that in Quantum Mechaicalculations are probabilistic, instead
of the being deterministic as in Classical mechani¢an you recall the three concepts in
guantum theory we just discussed? The box beloWigigs them

Wave particle duality means that particles behave in two ways; as wands
as particles

Intrinsic angular momentum or spin means that particles move from ane
place to another while turning round and roundhatdame time as they mov

112

Uncertainty principle means that one cannot exactly specify the locadion
particles as they keep moving constantly

Thus, a different and statistical approach develapenodern physics as a result knowledge
in quantum theory. The fully deterministic causteef relations produced by Newtonian
mechanics were supplanted by predictions of fuawents in terms of statistical probability
only.

3.1.5 Nuclear Physics

As mentioned earlier, Henri Becquerel discoveredlioactivity (the spontaneous
disintegration of nuclei of certain materials acpamied by the emission of radiation) in
Uranium ore in 1896. Within a few years, radioagtradiation was shown to consist of three
types of emission: alpha rays, which are doublyziea helium atoms; beta rays, which are
very fast electrons; and gamma rays, identified haghly energetic electromagnetic
radiations. By 1903, it was realized that radioatti leads to the transmutation of the
emitting element into a different one, and thatioadtivity occurs only from the nuclei of

heavy elements.

In experiments conducted by Fermi and many colloos in which uranium was
bombarded with neutrons, a series of new elem&ntsyn as transmutation elements, were
made. An important discovery in the course of catidg the experiments was that some

uranium nuclei broke into two parts, a phenomenalfed nuclear fission. The process of
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nuclear fission leads to the release of huge amsonfnénergy, in addition to some neutrons
(and also, usually, other particles which may k#ioactive, and hence, dangerous). These
results were exploited by Fermi and his group, ilejdo the operation of the first nuclear
reactor in 1942. It was also the same result tlzet wtilized in the production and subsequent
deployment of the atomic bomb in 1945, under thedion of the American Physicist
Robert Oppenheimer, and the first nuclear powettogdor the production of electricity in
England in 1956.

Further developments were based on the energy gtiiodwf the type found in stars, that is,
nuclear fusion. This is a process whereby four bgdn nuclei are converted into a helium
nucleus under high pressure and very hot conditaiil two positrons and huge amounts of
energy formed as by-products. This is the principigehe hydrogen bomb- a much more

powerful bomb than the atomic bomb- first detonatetio52.

Much current research is devoted to the generaifonseful energy from nuclear fusion
which fortunately does not produce greenhouse gasdstherefore does not contribute to
climate change. However, despite the advantageeauphysics provides the ability to
produce nuclear bomb which can destroy lives igdanumbers as was used in Hiroshima
and Nagasaki, Japan during the Second World Wao,Adccidents at nuclear reactors can
lead to sicknesses and loss of lives as it happ@amedhernobyl, Ukraine, in 1986 and
Fukushima in 2011.

What is your opinion on the use of nuclear for gateg, defense, health in your country?

Discuss with the class.

3.1.6 Conclusion

We can from history observe that physics as a mlisel has a long history from ancient,
middle age, to renaissance eras. The disciplimdsis viewed from both classical to modern
form with each form making vital contributions tarhan life. Like other sciences, we have
to note here that physics can promote by makingt @fl thing easily possible and can be

deployed in such a way as to destroy like (e.glaandomb).
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Self Assessment Questions No.3

1. Explain the contributions of Isaac Newton to theedlepment of Physics.

2. Discuss the difference between classical physidsvaodern physics.

3. Describe the three concepts in Quantum Theory.

FURTHER READING/LINKS

1. You can access these links for additional infororatin philosophy of physics:

2. www.gsmithwmu.com/philosophy of physics papers tipesmith.html

3. www.absoluteastronomy.com/topics/philosophy of [s/s
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Unit 3.2: Mathematics

In this unit, the following will be focused upon:

« The history of Mathematics
« The contribution of Mathematics to scientific dey@hent.

« The major ideas and personalities behind the dpuatait of mathematics

Objectives

At the end of this module, you should be able to:

i. Discuss the evolution of Mathematics as discipline

ii. Mention and discuss the contribution of Mathemaiicscience and human
development.

3.2.1 History of Mathematics

“Mathematics is the language with which God wrdbe tuniverse” is one of the most
outstanding sayings of Galileo Galilei. To delvéoitthe history of this “queen of science”
will amount to digging into the foundations of humts as with philosophy. Mathematics has
advanced way beyond simple calculations, countiagthmetic, shapes study and
measurements to a complex calculations, geometfinite series, calculus, programming

and so on.

The oldest known mathematical object is the Leborbhboe, discovered in the Lebombo
mountains of Swaziland and dated to approximat&l@ BC. Other prehistoric artifacts
discovered in Africa and France dated 35,000 an@(®0years old, and they suggest early
attempts to quantify time. Notable are the Ishahgones found near the headwaters of the

Nile river (north-eastern Congo) and are said tasewuch as 20,000 years old.

In an attempt to trace the origin of mathematicg take a look first at prehistoric
mathematics which dates back to as far as thenodfjimankind. The first man definitely
would have been able to distinguish between a eiagimal and that more than a unit.
Keeping track of natural events such as the phafsé® moon, rising and setting of the sun,
as well as seasonal changes are examples of tlyepeactice of mathematics made more

evident by the discovery of notched bones date# tta85000 to 20000 years ago.
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Conflicting arguments on whether the Egyptian obyanian mathematics came first are yet
to be agreed upon. However, the earliest writtethematics is engraved on the stone head
of ceremonial mace of Egyptian King Menes. Mosteverritten on papyrus that indicated
the Egyptians were using mathematics as early &9 3@ars Before the Common era
(2000BC).

According to Aristotle (350BC), “Egypt was the cla@df mathematics”. The advancement
of mathematics has been attributed to various tomdi necessitating such developments.
For instance, Egyptian mathematics was driven assalt of the flooding of the Nile
(according to the Greek Historian, Herodotus) fogcthem to reset boundary markers of
their fields engaging the assistance of surveyopetform practical arithmetic and geometric
computations. It is therefore believed that the [Eigyms were the earliest mathematicians
who, however, drew conclusions instinctively rathiean with proofs. They might have
introduced the earliest fully-developed base-10 enation system at about 2700BC. Written
numbers used several materials to represent tents, hundreds and thousands. For instance,
a stroke was used for units and a lotus plantHousands. The concept of place value was
not in existence then and so made working with dargumbers cumbersome. A clear
demonstration into their methods of multiplicatiamd divisions carried out then was
revealed in the Rhind papyrus dated around 1650B€ .pyramids are themselves indicators
of the advancement of Egyptian mathematics pointioggards the possibility of the
Egyptians knowing the formula for a volume of agwid and also with the use of ropes for
construction purposes forming angles to show thay thad an insight into what will later

become Pythagoras’s theorem.

Babylonian mathematics has over the past centb@es given immense reference. As a
nation at the centre of the Sumerian civilizationick flourished before 3500BC, Babylon
was characterised with building of cities, land mwation and geometry which became the
driving force behind the development of Babylonmathematics leading to the introduction
of symbols written on wet clay tablets which wenert baked in the hot sun discovered in
this age. Around 2300BC, the Akkadians invaded rdgion for a period of time during

which the elementary model of the abacus was imeent

The Babylonians had an advanced number systemagerhore advanced that what we use
today. They used the sexgesimal numeric systenase-60 (that is a system of numbering
where repletion of numbers can be done after siittgrent numbers) as opposed to the base-
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10 used in today’'s mathematics. The present numdpegystem used repeats itself after tenth
number (0, 1, 2,3,4,5,6,7,8, & 9). So if you wrli@, you are repeating 0 & 1 from the first
ten. The Babylonians divided the day into 24 howith each hour, 60 minutes and each
minute 60 seconds which has survived over 4000syaad is still used today though to base-
10 as opposed to the base-60 used then. They heseoketo have recorded advances in
mathematics involving multiplication, reciprocables, squares roots, geometric problems,

and so on.

Greek mathematics and astronomy owes a lot of disareces to Egyptian mathematics.
Thales (546BC), the founder of Greek mathematioagwith Pythagoras who coined the
term "mathematics"” from the ancient Gregkéfnuo (mathem@y meaning "subject of
instruction” (500BC), were one of the earliest agmatest Greek mathematicians but
reported to have travelled to Egypt and must haaenked a lot of their mathematics from
there. Eudoxus, the teacher of Aristotle studieBggpt too before teaching in Greece.

Greek mathematics unlike that of the Egyptians mattempts to prove mathematical
statements repeatedly especially in geometry. Thportance of proving mathematical
statements before drawing conclusions was esta&oligih 550BC by Pythagoras, popularly
known for the “Pythagoras’s theorem” and also fyisg that; “Numbers rule the universe”.
For example, the Pythagoras’s theoret b? = ¢?, has over 50 proofs, the highest for any

one mathematical theorem.

The Alexandrian or Hellenistic period from abouOBE to 300AD was the dawn of a new
mathematical era. The centre of mathematics moxau Athens to Alexandria in Egypt
built by Alexander the Great after conquering tiire region. Quite a number of Greek
mathematicians studied and taught in Alexandriatable among them were Euclid
(Euclidean geometry), Archimedes (first systemaiitide and longitude) and Diophantus
(first to recognise fractions as numbers). A Idtasiginal mathematical manuscripts

contained in the library were lost when it was dfeglby fire.

In 80 BC, the Romans took control of Alexandriag @nbecame part of the Roman province
of Egypt. The Romans had no use for pure mathemaiity for its practical application

though; the province produced great mathematioodrtee Roman Era. During this period,
notable discovery was the quantification of geognétrough the invention of trigonometry
by astronomer Hipparchus of Rhodes generally censdl its father. He imported the

sexgesimal numeric system into Greek geometric tsode
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The Roman numerals, still in use today, were thmbar system used for transactions and
administration. It was based on the Roman alphahet X, L, C, D and M, combining to
form various values. It, however, did not includecancept for zero, thus, making it
inefficient for mathematical and arithmetical pusps. This resulted in calculations being

performed using an abacus.

The Classic Maya civilization (250 BC to 900 ADxdiéed huge sums of numbers ranging to
millions, independently developed the concept ob Zar back as 36BC and used it as a place
holder in vigesimal number system (base-20) ansbme cases base-5 numeration system.
Astronomy played a central role in their religioand this motivated them to develop

mathematics. Maya calendar was more accurate tfekdropean at the time the Spanish

landed in the Yukatan peninsula.

The trade of the Chinese Empire was the force ldehiathematical development in the
Chinese dynasty. The Chinese did not have a realegd for zero but rather made use of
zero and developed small rods made from bambootsplen perform calculations. The
position to which the rods were placed gave a dakptace-value system. It is believed that
the use of the abacus was originally the idea®fGhinese due to the “Suanpan” that dates to
about 200BC. They gave attention to practical nradtes and had the Zhou Bi as the
earliest extant mathematics textbooks. The civNise, construction sector and engineering
all made use of the Jiuzhang Suanshu of “Nine @ngpin the Mathematical Art” as the

important tool for education.

There were in the Bcentury over 32 mathematical schools around theirenmaking that
period the Golden Age of Chinese mathematics. Thet motable Chinese mathematician
was Qin Jiushao, an ambitious and callous milit#ficer who is believed to have explored
solutions to quadratic and even cubic equationsguai method of repeated approximations
similar to that much later put together by Sir tsdewton. Qin wrote an important equation
known as the Chinese remainder theorem and wrgtemly book on mathematics called
“Mathematics Writings in Nine Sections” in 1247.r@ained in it was the method for solving
simultaneous linear congruences and had the datkssription of algorithm later developed
in Europe. Qin also used his method of repeatedoappations to solve equations involving

numbers raised to the power of ten which even &lsesf was an audacious task.

The contribution of Indians to the development @fthematics is believed to date back way

longer than stipulated. It was driven basicallyrblygion for which they had to build altars.
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The role of their contributions could be tracedtheir geographical location as a meeting

point for people of diverse cultures and nationhwevident visits by Pythagoras.

Today's mathematics is indebted to Indian mathessasipecifically in expressing every
possible number with a set of 10 symbols, thae&sh symbol with a place value and an
absolute value as well. The study of mathematisabaomy in India dates back to at least
3000BC introducing the Indian numerals which weated developed to form the Hindu-
Arabic numerals used in present day mathematiosy @lso made use of the base-10 instead
of the base-60.

Worthy of mention in Indian mathematics are theb8sutras which were in a real sense
“construction manuals” for geometric shapes, sushremtangles and circles and rules of
constructing altars with resemblance to what l&#tecame Pythagoras’s theorem. Further
advancement was experienced during the Jaina p@immit 150BC). Areas such as theory
of numbers, operations with fractions and more gsig was the theory of the infinite

containing some notions of logarithms to base 2.

Madhava from Southern India is sometimes referoedstthe greatest Indian mathematician
and astronomer. Though most of his work has bestndocording to Kerala mathematicians,
his is the source of several infinite series exmmdHe linked infinite series with geometry

and trigonometry and obtained up to 13 decimalgdaccurate values of

Islamic or Arabic mathematics laid the foundatiam ¥hat is today present mathematics.
After conquering most part of the Middle East andrtN Africa, the Islamic Empire was
established. Islamic mathematicians then importadhematical advancements from India
and Greece and translated them into Arabic; foramee,. the Euclid’'s Elements. As it is
forbidden to depict humans in drawings by Islange tirowth of mathematics became
significant with the use of complex geometric paisefor decorations of buildings. The
House of Wisdom, established in 810AD after theutsipn of Alexandria (700AD), was
responsible for translating Greek and Indian matiteral and astronomical works to Arabic.

The most significant contribution of Arab mathematjwith major Indian contribution) is the
Hindu numerical systems: 1,2,3,4,5,6,7,8,9 andhis €ontribution is erroneously attributed
to Muhammad Al-Khwarizmi who introduced the thearly algebraic calculus and used

mathematical induction to prove the binomial thewre
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Other notable Muslim mathematicians include: AbakEin al-Uglidisi who wrote the earliest
extant of texts showing the use of decimals instefadractions; Ibrahim ibn Sinan who
continued Archimedes investigations of areas, vekimnd tangent of a circle; the discovery
of all the modern trigonometric functions besidé® tsine; al-Kindi's introduction of
cryptanalysis and frequency analysis; developméanalytic geometry by Ibn al-Haytham;
the beginning of algebraic geometry by Omar Khayyamroduction of non-Euclidean

geometry by Sadr al-Din and the development oflgebaaic notation by al-Qalad.

As opposed to the development of mathematics ieratégions of the world, Europe was
from 500AD to mid 1400s in its Dark Ages charaded by a halt in the development of

science and mathematics.

At about the % to 12" centuries, trade calculations were based on Ramameral system

and the Greek and Roman models of abacus. The &mgperiod of mathematics emerged
as trade began with the East, thus enhancing the foe practical mathematics. Translation
of Islamic and Greek mathematics was seriouslytipeat, for example, Robert of Chester

translated the work of Al-Khwarizmi and Gerard aB@ona that of the Euclid Elements.

Leonardo of Pisa an Italian mathematician, popyl&mhown as Fibonacci, contributed
immensely to European mathematics. He spread #hefukte Hindu-Arabic numeral system
through the region. The European era evolved madtiesnto a high scientific level. John
Napier, in Scotland, investigated natural logarshm 1614. This is also the time when
Fermat proposed his famous "Last Theorem" whichdrdg just been proved by Andrew
Wiles in the 1990's. As with the quest to find agml solution for the fifth degree (quintic)
polynomial equation, the challenge presented byngeoccupied great minds over a period
of centuries and produced enormously rich benddiis there was no solution until recently.
Fermat's main contribution to mathematics was, hewethe founding of number theory --
that branch of mathematics which deals with thiharetic properties of the natural numbers.
Copernicus and Galileo revolutionised the applaregi of mathematics to the study of the
universe. Kepler formulated mathematical laws @ngtary motion. Analytic geometry of
René Descartes (1596-1650), a French mathematioidmphilosopher, allowed those orbits
to be plotted on a graph, in Cartesian coordingssion Stevin (1585) is the father of

modern decimal notation that allows the presentesgmtation of all numbers, whether
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rational or irrational. Sir Isaac Newton, an Engfsan, discovered the three popular
fundamental laws in physics, explaining Kepler'swka He introduced the concept of
infinitesimal calculus. Independently, Gottfried WWalm Leibniz, in Germany, developed
calculus and much of the calculus notation stilluse today. Pascal and Fermat set the
groundwork for probability theory and the corresgioig rules of combinatorics. Pascal name
is commemorated in Pascal's Triangle as well aP#seal programming language. Leibniz's
influence on the various members of the Bernowlnity was important in seeing the
calculus grow in power and variety of applicatibeonhard Euler may be argued to be the
most influential European mathematician of the X70Blis contributions range from
founding the study of graph theory with the Sevemddes of Konigsberg problem to
standardizing many modern mathematical terms amations. He named the square root of
minus 1 with the symbal and popularized the use of the Greek lettey stand for the ratio
of a circle's circumference to its diameter. Hetdbated a lot to the study of topology,
calculus, combinatorics, and complex analysis. Tdvilae end of the I8Century, Lagrange
began a rigorous theory of functions and of meatsanrhe period around the turn of the
century saw Laplace's great work on celestial m@ckaas well as major progress in
synthetic geometry by Monge and Carnot. By"1&ntury, mathematics became very
abstract. Many landmark achievements were madésiract algebra and geometry. Carl
Friedrich Gauss (1777-1855) did revolutionary wonkcomplex variables, geometry and on
the convergence of series. Karl Pearson (1857-1f@@)ded statistics as we know it today.
Notable in this era is the introduction of Boolealgebra by George Boole which is the

beginning of mathematical logic and the foundatboomputer science.

Born in Nigeria, unlike the 18th century Ghanaiant®A Amo, who worked and lived in
Europe, Muhammad ibn Muhammad al-Fullani al-Kishnapent his life career in the
Middle East. He was a Fulani from northern NigeHa. travelled to Egypt, and in 1732, he
wrote a manuscript (in Arabic) of procedures fonstoucting magic squares up to order 11.
Muhammad died in Cairo in 1741.

The 20th century saw mathematics become a majéegsion. Every year, thousands of new
Ph.Ds in mathematics are awarded, and jobs aréablein both teaching and industry. In

earlier centuries, there were few creative mathiemat in the world at any one time. One of
the more colourful figures in 20th century matheonsatvas Srinivasa Aiyangar Ramanujan
(1887-1920), an Indian who conjectured and prowest 8000 theorems.

45



There are many observable trends in mathematiesnttst notable being that the subject is
growing ever larger; computers are ever more ingmbrand powerful, the application of
mathematics to bioinformatics is rapidly expanditigg volume of data to be analyzed being
produced by science and industry, facilitated bygoters, is explosively expanding.

Mathematics is the Empress of the Sciences. Witheut there would be no physics, nor
chemistry, nor cosmology. Any field of study depieigdon statistics, geometry, or any kind
of calculation would simply cease to be. And thdrere are the practical applications:
without mathematics, there is no architecture, ommerce, no accurate maps, or time-

keeping: therefore, no navigation nor aviation nor astronomy.

She is all-powerful:, and she rules ruthlessly. énqus and unyielding, mathematics brooks
no dissent and tolerates no error. In an age adri@maty, mathematics is the only discipline

that generates knowledge that is immutably, incgiatdy and eternally true.

Further Reading

1. Grattan-Guinness, Ivor (1997)he Rainbow of Mathematics: A History of the
Mathematical Science8V.W. Norton.

2. Howard EvesAn Introduction to the History of Mathemati&aunders, 1990.
http://mathworld.wolfram.com/LebomboBone.html

3. Kellermeier, John (2003). How Menstruation Cred#sthematicsEthnomathematics
Tacoma Community College.
http://www.tacomacc.edu/home/jkellerm/Papers/Mefh\desses.htm. Retrieved 2006-05-
06.

4. Needham, Joseph (198&cience and Civilisation in Chind, Mathematics and the
Sciences of the Heavens and the Eardipei: Caves Books Ltd.

5. The History of Algebra. Louisiana State University.

6. Williams, Scott W. (2005). "The Oldest Mathemati€dject is in Swaziland".
Mathematicians of the African Diaspor@UNY Buffalo mathematics department.
http://www.math.buffalo.edu/mad/Ancient-Africa/labbo.html. Retrieved 2006-05-06.

7. http://plato.standford.edu/entries/philosophy-mathgcs
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Self Assessment Exercises

1. Explain how significant mathematics is to the otbaences and technology.

2. Why is mathematics called the empress of the seghc
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Unit 3.3: Chemistry

In this unit, the following will be focused upon:

* The history of chemistry
* The contribution of chemistry to societal developine
» The disciplinary classification of chemistry

Objectives

It is envisaged that after going through this uyit should be able to:-

I. Explain the evolution of chemistry as course otigtu
il. List and explain the contribution of chemistry twetal development
iii. List and describe the disciplinary classificatidrchemistry

Introduction

Chemistry as scientific discipline has been in texise for a long time. The discipline has
made numerous contributions to the developmentofan life in various areas. In this unit,
the history, classification and contribution of treeience of chemistry to human
development shall be examined. Also, some of thgompersonalities who made

fundamental contributions to the development ohulsé&y will be mentioned. First, we start

by asking what chemistry is all about.

3.3.1 What is chemistry?

Before we enter into a discussion on the history,slwvould define just what is chemistry?
The dictionary definition states that chemistrytie science of composition, structure,
properties and reactions of matter, especiallytoféc and molecular systems. The central

theme of chemistry is that all matter consists ofaoules that are comprised of atoms.

For thousands of years, people have studied thesftnanation of materials into new
products with potential properties that they debirEhis was the basis of the well-known
field known as alchemy which was popular from ah®800 BC to about 1700. Some well-
known goals of alchemy work were to convert meiatis gold or to convert materials into
the Elixir of Life which was thought to cure allsgiases. These experiments were in essence
attempts to perform chemical reactions, but theaisi® was not scientific. However, the
practice of experimentation and recording of resgkt the stage for modern chemistry.
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Eventually, people became skeptical of alchemy fanstrated with the language used to
report results. Modern chemistry essentially gresvas the skepticism and the need to have

a more systematic explanation of the phenomenantasbeing observed.

3.3.2 Stages in the History of Chemistry

Chemistry, as a branch of science, has been arfmrna long time. In fact, chemistry is

known to date back to as far as the prehistoriesginbue to the amount of time chemistry
takes up on the timeline, the science is split fiotor general chronological categories. The
four categories are: prehistoric times - beginnofgthe Christian era (black magic),

beginning of the Christian era - end of 17th cenf@chemy), end of 17th century — mid-
19th century (traditional chemistry) and mid 19émtwry - present (modern chemistry). This
is explained in details below:

Black Magic and Alchemy Era:

Chemistry as we know it today originated from eatiydies of alchemy and magic. Similar
to modern day chemists, alchemists tried to changertain substance into another; in this
case, it is gold. Alchemists also searched foregedo eternal life. Alchemy slowly started to
reach its peak in the late 1400's when peopleestad question and doubt the thoughts and
theories of alchemy. Slowly, these scientists geavay from ideas of magic and became
more dependent on what were facts, not theoriesdbas superstitions. These scientists
began recording and organizing their discoveriebanks, which later would become the

basis of chemistry.

The alchemists were the first to study chemistiyeylhad two quests: to change lead into
gold or to find the Philosopher's Stone, and ta fihe Elixir of Life, a concoction that
would lead to a long life and to cure illnessese Hichemists discovered many processes,
elements, and chemical compounds in the Middle Agesn though alchemy was a mixture
of science, medicine, magic, and religion. Theycok®red the elements hydrogen and
phosphorous, alcohol and gun powder, and the psesesf filtration, evaporation, and

distillation.

Traditional Chemistry:

Chemistry started to lift off once a British chetmk®iown as Robert Boyle published his
book The Sceptical Chymish 1661. In this book, Boyle put down rules forcareful
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scientific investigation, and he slowly proved halghemy was just a myth. He provided
clear and vivid details on how a pure element cabeasplit to form simpler substances. He
also described how the four elements alchemisisyvszl in could not explain the behavior
of many substances on Earth. Slowly, alchemy stadelie, and people realized the reality
of chemistry. They put aside their beliefs of magial alchemic methods to focus more on
purifying substances and investigating their mamypprties. Chemists started to become

fascinated  with  chemical reactions and the composit of matter.

Modern Chemistry:

Today, there are 92 natural elements and 23 syotke&ments throughout the world.
Elements are either metals or non-metals, and iagg many other descriptions to classify
them further in the periodic table. Each elemerst tiae or two letter symbol which helps
chemists from all over the world to classify thenthwut misinterpretations of different
languages. Every element has its own atomic nuiwherh symbolizes how many protons

and neutrons are in the element's nucleus.

Chemists also focus heavily on chemical reacti@iemical reactions change the chemical
make-up of different substances to break down anbst into smaller simpler parts, or even
create more advanced and complex substances. herai@al reaction, the substances that
are present before the reaction starts are reactdtien the chemical reaction process is
over, the final result of the mixing of the substas are the products. Chemical reactions
may be very fast or even extremely slow; for examplsting. Catalysts are substances that
speed up the process of chemical reactions. Thayhedp manufacture many items,
including margarine and vegetable oils. John Daitooonsidered the father of chemistry.
John Dalton proposed the modern atomic theory D818 vestigators learned that atoms
were composed of subatomic particles called elastrprotons, and neutrons in 1850.

Marie and Pierre Curie discovered radioactivityl®l2 which led to the development of
nuclear reactors to produce electricity and thdearcarsenal in the 1940s. The discovery of
radioactivity along with x-rays in 1895 resultedtie formation of nuclear medicine which

is used for diagnosis and treatment of cancer.

Polymer chemistry and the invention of syntheticefs began in the 1920s. Naturally,

occurring polymers include cotton, cellulose, rublpgoteins, and nucleic acids. Synthetic
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polymers include Bakelite, acrylic, nylon, rayonaddon, polyester, primaloft, Lucite,

Plexiglas, polystyrene, vinyl, and Teflon.

Watson and Crick deduced the double helix strua@i@NA ushering in molecular biology
and biochemistry in 1953. Eventually, this led &tetmining the genetic code for multiple

species and the ability to identify a crime suspleciugh forensic DNA tests.

Synthetic hormones to treat thyroid disease andlimslependent diabetes were produced in
the 1970s and 1980s. Superconductors and nanoteggnwere discovered in 1986.
Superconductors will reduce the need for oil andl @ future. Superconductors will be
used to provide self-propelled rail cars and shipd to power electric vehicles traveling on

electrified roads.

The bridge between alchemy and modern chemistry imaye started with Islamic

alchemists. Around the year 815, Islamic alchenssth as Jabir ibn Hayyan (also known
as Gerber) introduced experimentation and methédxmerimental chemistry used today
such as crystallization, distillation and filtratio He introduced a systematic and
experimental approach to scientific research bas#uk laboratory, in contrast to traditional

alchemists whose works lacked scientific reasoning.

The development of the scientific method led to sgoivotal work in the early 1600s,
notably the publication of a book by Robert BoyRabert Boyle is credited as one of the
fathers of modern chemistry after he publishedbloigk The Sceptical Chemigt the early
17th century which outlines some of the originaad of atoms, molecules and chemical
reactions. This work provides a clear distincti@veen alchemy and chemistry and formed
the basis for the modern theory of chemistry. Bsytesearch which included the famous
Boyle's Law (describes the relationship betweesguee and volume for gases) stimulated a

flurry of research particularly on gases for thgtri®0 years.

3.3.3 Classification of Chemistry

The traditional classification of chemistry is pdcoriginality in the areas of organic,
inorganic and physical chemistry. But chemistryaasentral science has many other areas,
such as medicinal chemistry, biochemistry, colloltemistry, environmental chemistry,
nuclear chemistry, food chemistry, pharmaceuticélenaistry, industrial chemistry,
agrochemistry, forensic chemistry, astrochemisatgctrochemistry, quantum chemistry,

etc. These areas can be used to easily undersamdchemists could study different
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elements, matters and the chemical changes thaeai@med under different conditions to
produce new compounds. However, our discussion bell restricted to the following

branches:
Organic Chemistry

In early 19th century, chemists usually considetteatt compounds acquired from living
microorganisms were very much complicated to beliaed synthetically. They called these
substances "organic”. Through the initial half loé tL9th century, experts pointed out those

organic compounds could be synthesized insideatvaratory.

An organic compoundis any member of a large class of gaseous, liquisblid chemical

compounds whose molecules contain carbon. Thusrgamic compound is any member of
a large class of chemical compounds whose molecoletin carbon; for historical reasons,
a few types of compounds such as carbonates, cavhioles and cyanides, as well as

elemental carbon are considered inorganic.

Examples of organic compoundsCH, — methane; ¢Hs — ethane; gH, — ethane; gHg —
propane; GHg — propene; ¢H;o — butane; gHg — benzene; &g — toluene; GHsO - phenol

Organic chemistry is definitely one of a typical shaignificant in chemistry. It as well
covers an immense strain of molecules, includiragehof industrial chemical compounds,

such as plastics, rubber, dyestuffs, narcoticssahgents.

Organic chemistry is actually a sub-discipline imemistry relating to the study of the
properties, structure, reactions, composition, &l as preparation (by functionality or
perhaps by some other means) of carbon-based saestehydrocarbons, as well as their
derivatives. These substances may contain a varietther components, which include
oxygen, hydrogen, the halogens, nitrogen and ploysph sulfur and silicon. Organic
compounds tend to be structurally different. Thare varied applications associated with
organic compounds: They either make up the fouadaif, or are essential constituents of,
numerous products which include drugs, plasticgpdfopetrochemicals, paints and
explosives. They make up the basis of virtuallyeatthly life procedures with hardly any

exceptions.
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Inorganic Chemistry

Inorganic Chemistry is one of those typical semsibhsks of science. It covers the
formulation, attributes and responses of all chamielements and their chemical
compounds. It is actually proved in the experimeomatechnique. Inorganic chemistry is
related to inorganic compound&organic compounds are of inanimate or have no
biological origin. Inorganic compounds lack cartad hydrogen atoms and are synthesized
by the agency of geological systems. The majoritghe inorganic compounds are salts,

united with cation and anion, and conjoined by tetestatic bond.

Inorganic chemistry can be defined as the branahemistry which is concerned
with behavior and property of an inorganic compo(gldments and all their compounds).
Inorganic chemistry covers every chemical compoexwkpt carbon-based compounds

which normally contain H-C bonds.

A number of inorganic compounds consist anionscaatiwns which are known as ionic
compounds, that is, compounds which are bondediwriic bonding. Example of salt is
magnesium chloride that consists magnesium catdrchloride anion that consists sodium
cation and oxide anion. In any salts, the proporgbion is in way that electric charge
cancel, therefore the bulk compounds are eleclyicautralized.

Examples of inorganic compounds: NaCl - sodium ity CQ - carbon dioxide;
H,0 — water; NQ - nitrogen dioxide; HCI - hydrochloric acid; CyCGlcopper(ll)

chloride; FeOs - iron(lll) oxide; MgC} - magnesium chloride, etc

Inorganic chemistry is highly used in the areas@&nce; some country’s economy can be
evaluated through their sulfuric acid productivi§xygen, aluminum sulfate, nitrogen,
ammonia, nitric acid, ammonium nitrate, hydrogeropele, ammonium sulfate, hydrogen,
black carbon, hydrochloric acid, chlorine, phosphoacid, titanium dioxide, sodium
carbonate, sulfuric acid, sodium chlorate, sodiurfate, sodium hydroxide and sodium
silicate. Fertilizer manufacturing is another preadt application of inorganic chemistry in

industries.
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Physical Chemistry

Physical Chemistry is one of a typical sub-field dhemistry that covers the physical
properties of matter, which include their boilimgelting levels, etc. Analyses relating to the
nuclear and subatomic particles and chemical systgith reference to physical concepts
that include thermodynamics, quantum chemistry tikseas well as statistical mechanics
are the domain of physical chemistry.

Physical chemistry can be explained as the studighwhncludes atomic, macroscopic,
particle and sub-atomic topics in chemistry. It sists of four areas such as chemistry,
astronomy, earth sciences and physics. Again emeeyof this sub-divided into categories.
The boundary in-between chemistry and physicshig arbitrary, as physics is more related
with behavior and structure of every atom and ckémiis more related to reactions and

properties of a molecule.
Analytical Chemistry

Analytical chemistry deals with analytical methdds getting information about chemical
compounds and chemical processes. Analytical chignfadlows one of a typical chemical
processes and would always separate materials tlsengid of color, odour and melting
point, as well as boiling point. Weight and voluare divided with the help of the technique
of quantitative chemical analysis. It can be used rhedical analysis and ecosystem
analysis. Analytical chemistry is defined as algttegarding matter in order to expose its
composition, structure and extent. Since these rstatalings are fundamental in almost
every chemical inquiry, analytical chemistry can umed to acquire information, insure
safety and solve problems in several chemical amadss also essential in both theoretical
and applied chemistry.

Early analytical chemistry was mainly focused oenitfying elements and compounds and
finding their attributes. Analytical chemistry capply to materials in a number of fields,
including the food and beverage industry, the pla@entical industry, synthetic materials
such as polymers and natural materials, includimgerals and water samples. As the field
grew, analytical chemistry furthermore widened tobeace applications of its methods of

forensics and medication. Analytical chemists thésgs use numerous techniques in their
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analyses, including some involving robotics, digrtacroscopes, fourier transform infrared

spectophotometers, chip-based technologies, etc.

Biochemistry

Biochemistry is the science in which chemistry ppléed to the study of living organisms
and the atoms and molecules which comprise livigguaisms. It treats the chemical reaction
by using an organism within the living things. Téien of biochemistry is to understand the
structure and behavior of biomolecules. These laeectarbon-containing compounds that
make up the various parts of the living cell andycaut the chemical reactions that enable it
to grow, maintain and reproduce itself, and usestate energy. Among the most important
classes of biomolecules are nucleic acids, prateardohydrates, and lipids.

Industrial Chemistry

Chemistry deals with the nature of substances hadyéneration of entirely new materials
by their mutual reaction. Industrial Chemistry,aasubject, therefore, comes in very useful
as an application of chemical knowledge to a raofyendustrial endeavours. Industrial
Chemistry is the branch of chemistry which apptiegsical and chemical processes towards
the transformation of raw materials into produbts tare of benefit to humanity

Industrial Chemistry deals with the application dfemical knowledge in technology,
industry and preparation of industrial productse Parmaceutical petrochemical, soap and
detergents, paints, dyes and textiles; insecticiftexl and biochemical industries are just

some of the enterprise where Industrial Chemistigpplied.

A proper training of students to equip them witlursth knowledge of chemical principles
and laboratory practice will make it possible ftwem to help solve problems in such
industries. The Industrial Chemistry graduate ish&mist with knowledge linkages in

engineering, chemical processing, economics angsindl management
You can access these links for additional infororatin philosophy of chemistry:

http://hyle.org/

http://ispc.sas.upenn.edu/

http://scienceblogs.com/ethicsandscience/2008/0bphiiosophy of chemistry php
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Self Assessment Question No.4

1. List the classes of chemistry and explain each.
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Unit 3.4: Biology

In this unit, the following will be focused upon:

* The history of biology
* The contribution of biology to societal development
* The major personalities behind the developmeniably

Objectives

It is envisaged that after going through this uyit should be able to:-

I. Explain the evolution of biology as a course ofdgtu
il. Enumerate the contribution of biology to socie@yelopment

Introduction

This unit provides an account of biology as a gilsee, the major concepts, contributions
and the personalities behind them.

3.4.1 Definition of Biology

Biology is the study of life; studying living formsheir structure, function, reproduction,
growth, organization and relations with the envinemt. The subject is made up of the
following disciplines: botany, taxonomy, zoologynasomy, physiology, microbiology,

embryology, genetics, ecology, evolution. Biologyan old science from the point of view of

its beginnings, but young from the point of viewtlo¢ continuous discoveries.

3.4.2 Brief History of Biology

Knowledge of biology began with prehistoric people and their experiences, such as distinguishing
between edible and inedible, or even poisonous plants and habits of animals, and how best to
capture them, etc. They knew that a heartbeat meant that someone or some animal was alive and

that babies were in some way connected with sexual intercourse.

The Greeks were said to have evolved the pracfiagitical thinking whereby they sought
explanations of natural phenomena. This could lek tsabe the foundations of biology and
most other sciences. Anaximander, a Greek philcsophk credited with the first written

work on natural science, a classical poem entffladNaturein which he presented what may
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be the first written theory cevolution. He said that in the beginnirtgere was a fis-like
creature with scalestc. that arose in and lived in the w(s oceans As some of the:
creaturesadvanced, they moved onto land, shed their scargrotgs and became the fi
humans Another Greek philosopheXenophaneswas one of the first people to write ak
observations of fossildHe thought that fossils were an indication tleré was water/mu

previously in an area.

Whilst earlier scholars made observations abou& féod fauna, Aristotle was the first to |
empirical methods and techniquein a protoscientific method. Aristotlss meticulous
methods and record keeping laid out the templatéutorre researchers in the field, nam
the later Islamic scholars, who would guard thedems of the Greeks and pass it to

Western world.  The lassiication of species(taxonomy) was Aristotle’ greatest
contribution to the foundatic of biology, the first known attempt to classify mnails into
groups according to their behavior and, most ingrdly, by the similarities and differenc
between their lpysiologies. Our current technical terms “genust &species” are Latil

translations of Greek words first used by Aristc

Later, Carolus LinnaeusKérl von Linné) gets credit for our prese-day classification
scheme and the system of -part scientific names for organisms; thias has been given
the nickname, “The Father of Taxonomy.” He wasfirst to attempt to classify organisr
for their own sake (based on things like similadyatructures) rather than to serve sc
human use. He gave twospdatin names to each organism he knew. For exe, Homo
sapiensis the scientific name for humans. Another thingndeus did was an attempt
organize all known organisms into a taxonomic higrg which he invented. The lels in

this hierarchy, in order, are:

Kingdom
Phylum
Class
Order
Family
Genus

Species

Other contributions of biologists include the feoliog areas:
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3.4.3 Micro-Organism

By the late 1600s, observations were being madb thi¢ first, primitive microscopes.
These often had highly-polished grains of sandasds. In 16653obert Hookebecame the
first person to see and name cells. He examineddjdeork bark with a primitive
microscope and saw little cubicles which he caliets (cell = room, cubicle)Anton van
Leeuwenhoek was the first person to observe sperm cells, aild his very primitive
microscope, thought he saw tiny body parts in therms. He was the first to see and
describe bacteria, yeast plants, the teeming fifa drop of water, and the circulation of
blood corpuscles in capillaries. Microorganisms targ living things which we cannot see
with the naked eye. With the discovery of microongens, the controversy over
spontaneous generation arose. The theory of spammiangeneration suggested that
organisms can arise spontaneously from non-liviagennal. In 1668Francesco Rediid an
experiment to debunk the theory. By a simple expent, he demonstrated that maggot
would not arise from decaying meat if the meat wEreered to prevent entry of flies. John
Needham, in 1745, advanced spontaneous generayioshdwing that microorganisms
appear spontaneously in beef broth, but anothenssi, Lazarro Spallanzani, in 1766,
disputed the theory by showing that boiled brottuldanot give rise to microscopic forms
of life. Louis Pasteur devised swan-necked flabled he filled with broth and left open to
the air. The flask had a curve in the neck so mhiatoorganisms would fall into the neck,
not the broth. There was no spontaneous generaticwontamination in the flask, thus
encouraging the belief that microorganisms werénair and could cause disease.

3.4.4 Genetics

In 1865,Gregor Mendelan Austrian monk, published a papergemeticsthat earned him
the nickname “the Father of Modern Genetics.” Ohélendel’s jobs at the monastery
was to care for the garden. He raised garden pedsrade specific crosses between
certain plants. From this, he developed a theorgewietics that enabled people to predict
the outcome of a genetic cross if the genes of ghents were known. Mendel’s
explanation of genetics was not initially understand accepted by scientists but was
only subsequently proved by other biologists. Tregamargument of Mendel’s theory is
that chromosomes are transferred to egg or spaons the original cells. As a result of
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the transfer of chromosome from the initial or pareells, the new cells produced share

resemblance with the parent or original cells.

Subsequently, in 1944, Oswald Theodore Avery shoslezzkyribonucleic acid (DNA) to
be the chemical compound that contains the instmgtneeded to develop and direct the
activities of nearly all living organisms includirdetermining heredity. In 1953ames
WatsonandFrancis Crickin a scientific paper published found out that DNduld be the
genetic code material for all living things and gested a means whereby it could replicate
itself. Subsequent chemical analyses of DNA havdeldp their prediction. Later

developments led to the understanding of how DNAals the formation of proteins.

In 2006, The Human Genome Project, which was led at the National Institutes of Health
(NIH) by the National Human Genome Research Institute, produced a very high-quality
version of the human genome sequence. The sequence is not that of one person, but is a
composite derived from several individuals. Therefore, it is a "representative" or generic
sequence. The Human Genome Project was designed to generate a resource that could be
used for a broad range of biomedical studies. With the vast trove of data about human DNA
generated by the Human Genome Project, scientists and clinicians have much more
powerful tools to study the role that genetic factors play in much more complex diseases,
such as cancer, diabetes, and cardiovascular disease. Genome-based research is already
enabling medical researchers to develop more effective diagnostic tools, to better
understand the health needs of people based on their individual genetic make-ups, and to
design new treatments for disease. Many other contributions of biology also abound but are
limited to these three for this module. You can also access the links at the end of the unit for

further details.

3.4.5 Conclusion

We can observe that biology as a discipline hamg history and provides the foundation of
account to understand life of animals and plantrdorganism and genetics are two of the
key areas in biology that are still very important.
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Self Assessment Exercises

1. Explain the importance of the knowledge of micrgastism and genetics to the
lives of people?

2. You can access these links for additional infororatin philosophy of biology:

http://plato.stanford.edu/entries/biology-philosgph

www.dartmouth.edu/~dietrich/bios.html
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Module Four: Technology and Society

Unit 4.1 Impact of Science and Technology

Unit 4.2: Issues on Technological Development fer&oping Countries

Unit 4.1 Impact of Science and Technology

In this unit, the following will be focused upon:

* The distinction between technology and science
* Impactof technology on people.

* Four ideas on technological development

» The future prospect of science and technology

Objectives

It is envisaged that after going through this uyit should be able to:-

I. Explain the basic relations and distinctions betwsgence and technology

il. Explain the impact of technology on different sgseof human endeavours.

iii. Identify ideas about the desirability or otherwiseman’s quest to acquire
technological capacity.

Iv. Discuss the enabling condition for technologicalelepment.

V. Highlight the implications of technological devetogent.

Vi. Distinguish between science and technology
Introduction

The concepts of science and technology often ga lramand. In this unit, we explain the
differences between the two despite their closenéssnodule One, Unit One, we defined
science, and in Module Four, we shall define tetdgy We shall also discuss the impact of

science and technology in some major spheres ectspf human life.

4.1.1 What is Technology?

Technology is defined as “systematic knowledgendiustrial art”, while others define it as
“technical method for achieving a particular pumgosThere are, for example, agricultural
technology, medical technologies, space technolgguynd water technology, irrigation, and
the like. Technology means those activities whichdpce improvement in the material

world in order to satisfy human needs. With thephafl technology, man should be able to
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increase food production, harness new sources efggnand improve methods of

communication and so on.

In order to understand the meaning of technologys inecessary to make a preliminary
distinction between pure science, applied sciem¢eahnology. (See Module one, Unit 1 for
the definition and classification of science). Bure science is meant a method of
investigation in an attempt to satisfy the needkbow. It does not concern itself with

practical applications. By applied science is mehatuse of pure science for some practical
purpose. Applied science is application-orientad,ibcannot exist without the pure science.
Applied science can provide stimulation for disagvia pure science. The actual distinction
between pure and applied science is just the agijgit; otherwise there is no difference

between them.

The distinction between pure science, applied sei@nd technology becomes clearer from
the example that follows in connection with the Aic@n moon landing programme. First,
there was the need to know the scientific factaiabiee laws of the nature, that is gravitation
and moon’s orbit around the earth. These are pwelntific knowledge (pure science).
Next a practical theory is constructed about thacepship, trajectories, rocket size, fuel
requirement, etc. This is applied science. Findhgre was the task of construction of the
rocket using appropriate material that would ad¢yu#nd on the moon. This part is
technology. The moon programme was described byynwmdnservers as a technological

breakthrough and not scientific breakthrough.

4.1.2 Differences between Science and Technology

There are certain features that differentiate betwscience and technology. Below are some
of the major distinctions.

Time Lag:

Usually, there could be a time lag between theadisy of a theory (pure science) and its
application to a practical problem (applied scigné®r example, Isaac Newton discovered
the Law of Gravity in 1687, but it was only aroutheé early eighteenth century that airplane,
using the idea of gravity was experimented upom ¥&ai think of any other example of time
lag between a scientific idea and a technology yred as a result? It is worth noting here

that time lag affects modern science and technolofyere are a group of ancient
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technologies that have been developed without iafig the modern scientific method of
doing things. For instance, technologies in agtizel like irrigation, farm implements like

hoe etc., were developed by people to solve pagiroblems through non-scientific ways.

Satisfaction of Practical Needs:

Technology, as mentioned, is concerned with satigfpractical human needs. It must make
a device or a process or a system. Sometimes, desstanding may result ghistinguishing
between applied science and technology. Applieeénsa is concerned with the task of
discovering applications for pure theory. Technglagy more apt to developing empirical
laws than theoretical laws. Often, trials and exror skilled approaches derived from long-
term experience are employed by technologists.

Earlier History:

Historically, technology came long before scientéggan with early man who needed food,
drink, warmth, shelter, clothing, etc. Food gathgrivas the main occupation of the early
man, which consisted of mainly hunting games arntiegang of wild fruit and vegetables.
Later, man learned to live in groups or societieghat process, he had to domesticate animal
and start farming for raising food production. \éais farming tools, although in crude forms,
were invented, and irrigation techniques were dalisTechnology continued to develop
purely to meet human practical needs. Technologieaklopment has been rapid during the
twentieth century because of the discovery and espent usage of fossil fuels and the
energy converters such as heat engines.

Impetus for Science:

Technology has long been an aid in providing impdtur pure and applied science. For
example, Carnot’s law of thermodynamics was a tesulmprove the efficiency of steam
and other heat engines. This resulted in air gotutThe pollution led a number of physical

chemists to investigate the properties of extrerhgion which led to some other discoveries.

The line of distinction between application of theories of pure science, and technology is
very thin. According to modern concept of technglogure science, applied science and
technology are all interdependent. Pure and apgléshces have numerous contributions to
the progress of technology which has greatly altengr social structure. Modern technology

education encompasses knowledge of both pure goleedscience as well technical skills.
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Technology, therefore, can be viewed as the masinjings with or without the knowledge

of science.

4.1.3 Impact of Science and Technology on Various Aspects of People’s Lives

It has been noted earlier that the line of distorcbetween science and technology is rather
thin because both are interdependent and overlgppach has contributed to the
development of the other. Both science and teclyyadoe jointly responsible for the material
progress man has achieved so far. Technical adsamaee been made in the areas of
agriculture, engineering and medicine, among mdhgrs. Most of the advances are vividly
noticeable in the so-called industrialized coustriene impacts of science and technology on

human life can be seen from the following areas:

Food Production:

Although on global scale food production may n@&msesufficient to feed every living human
being, it has been possible to raise agricultuoglyetion per unit of farming land through the
use of chemical compounds and machineries. Adifici produced fertilizers improve

nutritive values of farm land, soil which can yieftbre crops than it would otherwise have
done. Chemical compounds can be used to controfisvaad pests which are harmful to

crops production.

Machineries have been used to improve the effigienic farming operations during the
critical period of seeding and harvesting. Irrigatitechnology has made it possible to
produce extra crops during the non-rainy seasoe$teBand efficient methods of food
processing, storage and distribution have beenlojgee. Technology has made it possible to
produce synthetic foodstuffs for human and aningasamption. All these are some of the

examples of technological contributions to agrigrgt

Housing:

Progress in various branches of engineering has gege remarkable. Man is now able to
live comfortably in houses to protect him againslvaase climatic conditions. Air-
conditioning devices have added to the comfortivahd of man. Multi—storey buildings or

skyscrapers have made it possible to lessen spacages in cities and towns.
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Transport:

Developments of vehicles, such as motor cars, shigs planes, have made it easy to
transport people and goods by land, sea and ain.Ma been able to explore outer space by
the use of spaceships such as rockets; man hadlpdteen able to land on the surface of the

moon and return safely to earth.

Communication:

Remarkable progress in the field of telephone ratéitevision, computer and many other
microelectronic devices have made it possible dogmit, store and display information on
health, education, entertainment and business.nbéayly has also contributed in harnessing

energy sources as well as developing new matdaalsse by man.

Medicine/Health:

Science and Technology have made significant dmutian in the areas of medicine and
health care. It has been possible to manufactuséda range of drugs in large quantities
which can be used in the treatment of patient®wdr the world. Certain deadly diseases,
such as small pox, cholera, etc., have been gtrgially or completely eradicated. Scientific
instruments such as electron microscope, X-raynréng machines have provided better
understanding into the nature of diseases and plusisible cure. It is due to technological
developments that complicated surgical operatiah s heart transplanting has been made
possible. Although technology has so far made &agmt contribution in improving the
living standard of man, more is still required ewmnthe reason of rising tide and complex

dimension of emerging ‘new’ diseases.

4.1.4 Conclusion

In conclusion, we can observe that there is a gtiaterrelationship between science and
technology. We can also understand from this thatvalue of science and technology to
human life is enormous if one looks at the wideaaref life which technology affects. From
your understanding based on this unit 4.1, is tlaene sphere of life which technology has

not affected? Log on to your facebook and let gsuls this on our facebook group.
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Summary

In this unit, the concept of technology is cladfieiith two definitions. The two definitions
emphasise that technology is concerned with theofidenowledge for practical purposes.
The unit also explains the distinction between remeand technology which are; time lag,
satisfaction of practical needs, technology comesglier than science historically, and
technology as impetus for further scientific disengs. The unit also discusses the impact of

science and technology on some key areas.

Unit 4.2: Issues on Technological Development for Developing

Countries

In this unit, the following will be focused upon:

» Intermediate and modern technology,

» Transfer of technology for development,

* The role of foreign aid technological development,
» Challenges of science and technology.

Objectives

It is envisaged that after going through this uydt should be able to:-

I. Explain the concept of intermediate and approptetanology
il. Explain the meaning and mode of transfer of teabogl
iii. Analyze the role of foreign aid in technological’/dpment.

V. List and explain the social consequence of teclyicdh development.
V. Explain the challenges of technological development
Introduction

In this unit, the various ways in which technolagysed by society is discussed. Technology
is of different grades, ranging from complex, intediate to the simple. This unit examines
the importance of intermediate technology to degwelgp countries; how technologies are
transferred from technologically advanced societtes less technologically advanced
societies; social consequences of technology ad a®l challenges of technological
development.
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4.2.1 Concept of intermediate or appropriate technology:

It has been noted earlier that technology has deipeshape human society through various
developments in agriculture, engineering and mediciMost of the advancements in
technology have taken place in the so-called indhlisied countries (Europe and America)
even though there are some countries outside tHasinalised ones which are now
advancing technologically (like China, Brazil, Mgd#ea, etc). The great majority of the
nations are relatively under-developed, indusiyriahd economically. These countries are

now known as developing countries.

In the effort to improve economic conditions of tlievelolping countries through
technological means, the question came-up whetlelem technology is suitable or not, for
them. It is said that the modern technology is espe and that the developing countries are
therefore unable to generate financial resouras;aional and economic infrastructures for
building up their modern industrial sectors to $iee that would solve development problems
of the whole populations. Modern technologies areamly expensive, but require extensive
knowledge of science and technology (which is diffi to acquire), such as big industrial
complexes, and extensive infrastructure, amongretfderefore, due to these requirements
of modern technologies, many analysts are of thw that countries can adopt intermediate
or appropriate technologies.

Intermediate technologies which overcome the drakdaf modern technology are used in
developing countries. Another name for intermedtatshnology is “low cost technology”.
By intermediate technology, it is assumed thattdodnology is not as sophisticated as the
modern technology but functional (see, for instartbe gym bicycle in fig 2 which also
doubles as grinder: an intermediate technologyg giioducts of intermediate technology are
cheaper because of lower manufacturing cost thrthugluse of local raw materials and semi-
skilled mechanics and technicians. This type dinetogy is suitable for food processing and
production of fabric and agricultural implements focal consumption. The products of
intermediate technology may not compete well witbse of modern technology; but that
could be useful to developing nations.
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Fig. 1 An example of intermediate technology: Gyiayble which also doubles as
grinding machine

However, the use of intermediate or appropriatartelogy should not mean that developing
countries are abandoning modern technology whicstiisthe cheapest and most efficient
way of producing large quantity of good quality guots demanded by the market. Modern
technology must and will continue, and it cannotrbplaced by appropriate technology.
Intermediate technology is a complement to modechriology, and both should exist side

by side in the same society.

4.2.2 Transfer of Technology for Development

Since technological progress is seen as the routecbnomic development, it is felt that the
economic gap between the developed and develomtigns can be narrowed by enabling
developing nations to progress technologically.réfee, transfer of technology is identified
as one of the ways to do that. It is observed thatinational firms and foreign investors
who own patents and technical skills have not heticularly helpful because of the profit
maximization motive of the investors and the sdl&xwurious products which are not what
developing societies need. The motive is in confith that of the developing countries
which want foreign investors to provide technicasiatance which will promote long term,
self-sustained economic and social developmente OGnhthe ways to aid developing
countries in technological process is transfeeohhology. Transfer of technology is defined
as the process in which knowledge, skills, techgiely methods of manufacturing, samples,
facilities, and development ideas are transferedvide range of users like individuals,
companies, government agencies, educational ineh) etc for further exploitation into

new products, processes, applications, or services.
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There are two aspects of technology, namely, nestaspect and non-material aspect. They
are often known as “Hardware” and Software”. Hambvaomprises machines, tools,
products, workshop, etc, while software consistomfanizational know-how, information
network, policies, institutions, management, stites, marketing and distribution
infrastructures. Only the hardware can be transfeifrom the developed to developing
country, but software cannot be transferred. Sofwa location specific, and it must be

developed on site.

Transfer of technology automatically implies theseence of a donor and a recipient country
and also the question of assimilation by the recipcountry. The developed countries are,
of course, the donors and the recipient countbesfy have to protect their interests. In any
case the donor has to make sure that transfeclfodogy does not make it lose its markets.
The capacity to assimilate technology depends am tdchnological know-how and

availability of skilled operations in the develoginountries, and it must be considered before
actual transfer of technology takes place. Othexwghatever hardware is transferred will

not achieve the objectives of the task.

Some scholars have argued that the best way tewactechnological progress in developing
countries is through technical education and trgniand adoption of the policy of self-

reliance or “do-it-yourself”.

4.2.3 The Role of Foreign Aid in Technological Development

To finance economic and social development, thesldging countries may need foreign
resources. The developed countries like the UrStatles of America, Europe and Japan have
been giving foreign aid to developing countriestdkes the form of educational grants,
special interest loans and technical assistancehriel assistance also takes the form of
services, such as school or on-the-job trainingdioa¢ teaching, scholarships, surveys,
advising, research, etc. This aid is often fad#ith by international organisations like
International Monetary Fund, World Bank, and othénssome areas, foreign aid has been

found to be useful technology to receiving coustrie

However, foreign aid has not always produced désféects of economic developments in
the recipient countries. Some of the undesirecctsffef foreign aid include:

1. At the time of receiving aid, the recipient couesritend to ignore that interests have

to be paid and that the debt-servicing cost woelddry high.
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2. The aid might be used for prestigious but unpraglagbrojects leading to economic

catastrophe.

3. In an attempt to protect its own interest, the gildng country may give tie-in loans
which make provision for spending the money bactheadonor country, even though goods
may be obtained at a cheaper rate elsewhere, ttmhsiand even managers of the donor

country must be employed by the recipient country.

4, In many instances, foreign aid could take the fafnmon-economic (most military)

assistance to friendly government.
5. It has often made the poor country poorer and dependent on the donor country.

6. Aid has been responsible, in some cases, for dastydhe ‘self-help’ attitude of

recipient countries.

4.2.4 Challenges of Science and Technology

As mentioned earlier, human history has been thiy stf technological change. The future
history is also likely to be dominated by technadadydevelopments. Historically, there have
been two major technological revolutions, namelgriailture and industrial revolution.
Agriculture revolution began some ten thousand sy@ago in the River Nile Valley, and it
spreads all over the world and it is still contimgti Industrial revolution is relatively recent; it
began some two hundred years ago in Europe. Iists spreading all over the world. It is
expected that the industrial revolution shall sgrealatively quickly, and it has enveloped
countries of Asia — the so-called ‘Asian Tigerson® of the challenges and prospects of

science and technology include:

Overpopulation:

Technological improvement in medicine, food, ennir@nt and other spheres has enabled
people to live healthy lives with higher life expaacy in modern times. As a result, the
population of the world is constantly increasingdmg to overpopulation in many areas.
Science and technology’s answer to this problerésinhibition of population growth by
some artificial means. However, there is vehemepbsition from the religious bodies and
others all over the world, who put forward the angumt that given proper attitude and

cooperation, the world resources are sufficiersijgport a population far as it exists now.
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Food supply:

The problem of food supply is related to the problef population growth. Technology
should play a decisive role in solving the probleinfood production. The developing
countries must improve their own agricultural sestéhrough proper management of
agricultural technology. At the same time advancedcept in agriculture such as ‘nutrient
film technique’ food growth plants without soil ugrdeither partially or fully controlled

conditions. Food may also be produced unconventionafactories and the cost of such
food is expected to be much less than that prodbgecbnventional agriculture. It is likely

that palatable nutrition food can be mass produeeth the aid of advances in cellulose,
petroleum, agricultural wastes, etc. There areadlyeefforts under way to produce single cell
protein containing all essential amino acids. Gipeoper cooperation and political stability,
the prospects for food production by developingntoas look good. This is not to discount

the health implications of such products comingrfrartificially induced methods.

Energy:

Technological development will be decided on timailability of energy and type of energy.
There is already some concern over the possibletega shortage of energy supply as the
fossil fuel is seen to be depleted. Two most prormgisources of energy are solar and
nuclear. Development of both of these energy ssum#@l require new scientific and
technological innovations. Solar energy is tootdiluvhile nuclear energy is too concentrated
to be used directly in conventional machineriedaSenergy appears to be inexhaustible. It is
expected that with further technological advancemerany developing countries will take

advantages of these energy forms.

Raw Materials:

Supply of raw materials for industrial uses hasnbaeserious problem so far. It will be

necessary to look for industrial raw materials he sea beds, which have not so far been
exploited. Also, technologies should be developezhghat raw materials can be recycled, in
which case there will not be any shortage. Withubke of nuclear, high temperature energy,

it is possible to recycle industrial raw materials.

Pollution:

Although technology has helped to solve many proklesome other problems have also

been created. Among these is the environmentalfpil caused by emission from motor
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cars, toxic chemicals and radio-active wastes dunigyeindustries. It shall be necessary to
develop technologies to take antipollution measufréere is already a growing concern in
the environmentalist circle for protection of theveonment from pollution from industries.

It shall be necessary to develop technologies mdrabpollutions from industrial waste.

4.2.5 Conclusion

Some of the basic problems mentioned above nedx teolved urgently if mankind is to
survive. Proper solutions to the problems are ebgpgeto come from technological responses
and developments. Increasingly, other dimensioasarerging with respect to technological
development, such as man’s state of anxiety arisimg fear of global holocaust coming
from abuse of nuclear power. There is also thetaundng issue of ozone layer depletion
(green house effect) and the attendant consequesiceggobal warming and loss of

immunities by man.

Self Assessment Question No.5

1. What is the relationship between science and tdofy@
2. What are the challenges to technological developPen
3. List the role of foreign aid in technological dewginent.

Further Readings
Hermann; R (1972)s God the Only Realityrhe Continuum Publishing Co., New York

Adekola A. O. (1972)Relevant Technology in Technological Developmehligeria
Maiyib Amod Press, New York.
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Module Five: Natural Resources

Unit 5.1: Natural Resources and their categories
In this unit, the following will be focused upon:

» Definition and explanation of natural resources
* Factors that determine the availability/scarcitynafural resources.
» Classification of natural resources

Objectives
It is envisaged that after going through this megdybu should be able to:-

I. Define and explain the meaning of natural resources
il. Appreciate the value of natural resources to theslof people.
iii. Classify natural resources using five differentesia

Introduction

Human beings cannot live without natural resouaethey are essential to life because it is
from them that food, clothing, shelter and otheseesial and non-essential things are
generated. However, natural resources are of diftdypes, and the availability varies across
space and time. This unit, therefore, explainsntieaning, the availability and classification

of natural resources.

5.1.1 Definition of Natural Resources

Resources, in general sense, refer to all living aan-living endowments of the earth,
including human beings. Others define resourceangshing mental or material single or
compound, living or dead, extractable or non-exatale, on the surface or in the atmosphere
or space, on the earth or other planet which ceectly or indirectly be or become useful to
man within the level of his technology or skills. different definition of resources is
anything with potential use in creating wealth avigy satisfaction. These definitions of
resources have a lot in common; generally, allmitgins of resources are human-centered
since it is human value system and technologicaiwkhow that give roles and socio-

economic values to the materials defined as ressurc
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The quality of the definitions of resources is bothspatial (related to space/location) and
temporal context (relating to time); the spatiahdnsion to the definition of resources stems
from the fact that resources are not evenly distedd on the earth surface; some areas are
abundantly endowed with a particular resource, avbther areas are less endowed. In areas
abundantly endowed, the resources may have a dingidivalue compared to less endowed
areas. The temporal context of the definition abreces is in the changing value of material
over time. For instance, coal used to be an impbdaergy resource in colonial Nigeria, but
development in the petroleum and hydro-electric grogeneration has reduced the value and

dependence on coal as source of energy.

5.1.2 Factors that Affect the Availability and Scarcity of Natural Resources

One other important attribute of resource is itailability/scarcity, which is a function of

wide range of factors which include the following:

Physical factors:

Geology, for instance, may be a determinant of dbeurrence and abundance of

some mineral resources.

Cultural factors:

This may include the tastes and values of a comiyasithey change over space and

time.

Social change:

Changes in social roles and functions within sg¢itr instance, the changing role of

women.

Technology:

The ability to make use of certain environmentahents may vary with technology;

for instance, the mining and usage of certain nailser

Economic factors:

Price and market demand and supply.

People’s view of nature:

Eco-centric or Techno-centric views.
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The relative availability and scarcity of resourceakes the sustainable management
and conservation of resources essential. Thusn#jer goal of sustainable management and
resources conservation is to ensure a sustainedugion of flow resources and the

preservation of stock resources.

5.1.3 Classification of Natural Resources

There are numerous ways of classifying or categwyimatural resources. Each classification
emphasises some aspects different from anothesifatasion. Thus, natural resources are

classified based on a wide range of criteria, agh

A. Renewability,

B. Origin of Resources,

C. Stages of Development, and
D

. Ownership.

Renewability

Renewable resources, as the name implies, meamsrces that can be replaced even after
they have been used. On the basis of renewabgi$épurces can be categorized into:

1. Renewable resources or Flow resources. These are resources that can be replaced or
replenished after its usage; for example, foresiegetal resources, fishery, wind (see
Fig. 3), etc. These types of resources, after themietion, can be replaced within a
human time frame. Energy resources are not allmit@dd in supply. Some are
renewable, and others are non-renewable. RenewaBleurces are the type of
resources that are less or not affected by how myuelmtity of it is being consumed
because they are quickly replenished; for instamsodar, wind, geothermal and

hydroelectric energy.

2. Non-renewable resources or Stock resources: These are resources that cannot be
replenished once depleted. Their cycle of regeimgrankes a very long time that
exceeds the human time frame (million(s) or bil{g)nof years). Non-renewables are
finite and can eventually be exhausted due to &l that their formation rates are
infinitesimal (they can take millions of years wrr), and, unfortunately, the rate at

which it is consumed is greater than the rate athvit is replaced,; for example,
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fossil fuel, nuclear. Resources in this categogjude mainly mineral resources and

fossil fuels, such as coal and petroleum.

3. Perpetual resources. These are resources that are of continued supplyhe
environment; their quantity is not affected by hummeonsumption; examples of

resources in this category include sunlight, ae, e

Fig. 2 showing a wind mill utilising wind as a revesble resource

Origin
Origin of resources means the concern with the cesufrom which resources are

generated. On the basis of origin, resources caalssified into:-

1. Biotic resources. These are resources obtained from the biosphedethey include
flora (plants) and fauna (animal) population (see #), aquatic organisms and
minerals formed from the remains of once livingamgm, such as coal, petroleum

and limestone.

2. Non-biotic resources: These are resources derived from non-living coreptsof the
environment. Resources in this category includeatieminerals, such as iron, gold,

copper, etc; land and atmospheric resources (air).
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Fig. 3Cows and plants are examples of biotic resources

Stages of Development

On the basis of stages of development, resourcebecaategorized as:

1. Potential resources. These are resources that are not actually eeploibut their
existence in a particular region is establishedjrstance, . the availability of petroleum
in the Chad basin, until it is actually drilled camhd put to use, it remains a potential

resource.

2. Actual resources. These are resources whose quality and quangtgetermined, and the
resources are fully exploited and put to use; kaneple, the exploitation of petroleum in

the Niger Delta region of Nigeria.

3. Stock and reserved resources. These are resources whose existence is establishe
there is no technology or immediate need to enablearrant their full development ; for
instance, the radioactive elements discoverednmesgarts of Nigeria and Niger Republic
which can be used to generate nuclear energy.atvialuable resource, but Nigeria and
Niger Republic do not have the technology to dgvele resources. Reserved resources

are resources that are yet untapped and are peesenvfuture use.

Distribution

By distribution of resource, it means there is acawn as to where the resources are found.

Based on distribution, resources can be categoneed

1. Ubiquitous resources. These are resources found everywhere; exampldsdelc

water, air and solar radiation.

2. Localized resources. These include mainly mineral resources, forestegaland
landscape that support the utilization of assodiagsources, such as water fall for

hydro-electricity generation.
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Ownership

Based on Ownership, resources can be categoried in

1. Individual resources. These are resources personally owned by indivigubkey have
exclusive right to access and use the resourcesnpbes of these include land, orchard,

etc.

2. Communal or National resources. These are resources collectively owned by a
community or nation whose access and utilizati@ragulated or restricted. Examples of
resources in this category are the National ParksKari, Gashaka-Gumti and Kainji

Parks, etc.), Grazing and Forest Reserves, etc.

3. International resources. These are resources shared by two or more cosinéx@mples
of these resources include the Chad Basin and RiBenue and Niger. Resources in
these basin and rivers are shared amongst Nigediather countries along the bank of
the water (Chad, Niger, Cameroun and Central Afrieepublic in the case of Chad
Basin. Cameroon (river Benue), Niger and Mali,ha tase of Niger.

Summary

In this unit, natural resources are defined withregles. All the two definitions of natural

resources emphasise usefulness of resources to Thanunit also discusses factors that
affect the availability of natural resources whate physical factors, cultural factors, social
change, technology, economic factors, and people’a. The unit also discusses natural
resources and their classifications. The categariedased on renewability, origin, stage of

development, distribution and ownership.

5.1.4 Conclusion

Finally, there exist wide disparities on perceptioihresource; these disparities are, for
instance, discernible amongst various economicpg@nd civilizations (Level of economic
and technological development). Nomadic herdsmen,ekample, regard the Savannah
Grasslands as pasture resources for their herdke fahmers regard the grassland as weeds
to be eliminated for farm expansion. An analysipefception of resources from civilization
viewpoint can also be seen in energy resource, @@setdeveloping countries regard biomass
as a major source of household energy developedtroes: preserve the biomass for its

aesthetic value.
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Resources are themselves components of the geophysystem of the environment;
therefore, their finiteness and pattern of distifiu make resources conservation very
important, especially in ecologically fragile landglismanagement /misuse or abuse of
resources will result in chain repercussions witbleterious consequence for human

economic interest.

Further Readings

Cunningham, W.P. Cunningham, M.A. and Saigo, B.O®CEnvironmental Science: A
Global ConcernMc-Graw Hill, New York

Jones, G. and Hollier, G (199Resources, Society and Environmergnagement, Paul
Chapman Publishing, London

Paterson, J.H. (1976)land Work and Resources: An Introduction to EcormoBgography
Second edition Edward Arnold, Bristol.

Suslick, S. B. & Machado, I. F. (201&arth Systems: History and Natural Variability —
Non- Renewable Resourcesncyclopedia of Life Support System
(EOLSS)

Follow these links to access more sources on Haksaurces:

http://practicalaction.org/video/category/Energy/

http://www.learnerstv.com/

Self Assessment Question No.6:

1. List and explain the various classifications ofunat resources.
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Module Six: Man and his Energy Resources
Unit 6.1: Energy Resources

Unit 6.2: Power Generation and the Environment

Unit 6.1: Man and his Energy Resources

In this unit, the following will be focused upon:
» Definition and explanation of energy resources

« Sources of energy resources.

Learning Outcomes for Unit 6.1
By the end of this Unit, you should be able to:-
I. List sources of energy

il. Define the meaning of energy resources

Introduction

In this unit, the various sources of energy willdoglained. The explanation starts from the
early sources of energy used by name up to modem Also, in this unit, the term energy

will be defined.

6.1.1 Availability of Energy

The sun, after its creation, stood as the firstggneource to man. It provided light and heat.
The day light was used to search for food. Thedireto start by struck of lightning provided
light for vision at night, thermal energy for conljiand making of tools for hunting, and to

some extent protection from cold and dangerous a@simhile in the cave.

The sun and the woods gave man energy for a long tintil about 5,000 years ago that
people started using other sources of energy. Bdmggan using the wind to move from one
place to another. They built boats with sails ttegttured the wind, and they could travel to
new places. Wind was the first energy source ugettdnsportation. About 2,500 years ago,
people began using windmills and water wheels todggrain. Later, these simple machines

were used to pump water and run sawmills. Oil aodl evere discovered and provided
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alternatives for fuel wood. It also assisted in pang trains and boats. But until 150 years
ago, the sun and wood provided most of the enétgy.ommunities began to grow more and
more sources of energy were needed. Natural ga®iameere later discovered and used to
generate electricity -the most desired of all foraisenergy. Do you know the source of

public electricity used in your village, town oty® It can be from any of the above sources.

IT Q1. List the sources of energy?

A. They are the sun, woods, coal, oil and gas, ahtyas, wind,
biomass, geothermal, hydro energy, wind, nuclesarswaves and
tides. They provide energy for human beings.

Now that we have identified the sources of energy,will now go ahead to explain what
energy is.Energy is the capacity or ability to perform or do wotkcannot be created nor
destroyed, but it can be transformed from one fayranother: mechanical, light, chemical,
heat, electrical, sound and nuclear energy. Thezenaany sources of energy. The most
commonly used energy resources are: fossil fuéte betroleum), biomass, geothermal,
hydro energy, wind, nuclear, solar, waves and tilegrgy resources are not all unlimited in

supply. Some are renewable, and others are nonadhesee module 5.2).

IT Q2. What is Energy?

A. Energy is the ability or capacity to work. Energagnnot be
created or destroyed but can be transformed froenform
to another. Forms of energy include mechanicalhtlig
chemical, heat, electrical, sound and nuclear.

6.1.2 Conclusion

Energy as we have seen in the explanation heteeighility to perform or work. People in

order to be able to do various types of work u$ieint sources to generate their energy.
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Unit 6.2: Energy Generation and the Environment

In this unit, the following will be focused upon:
» Various forms of energy resources
* Problems of generating energy resources.

* Renewable and non-renewable sources of energy

Learning outcome for Unit 6.2:

It is envisaged that after going through this uyit should be able to:-
I. Explain the various forms of energy resources

il. Identify problems of generating conventional anddera energy resources

Introduction

For human being to do any work, energy must be rdge:. That also applies to communities
or societies at large. This unit is concerned weiplaining the numerous forms of energy
that are available to the society. However, eachfof energy has its own advantages and
disadvantages for which choices have to be made.

6.2.1 Energy Generation and the Environment

In modern society, most of man’s energy needs atisfied through the conversion of
electrical energy into the useful forms desiredhfj sound, heat and mechanical). The task,
therefore, is acquiring the technology (througheegsh and development) of converting the
available sources of energy into electricity. Makiglectricity available is, to some extent,
equivalent to making the other useful forms of ggeavailable. Conventionally, fossil fuels,

waterfalls and thermal reactors have been used.

However, the methods of generating electricity mo¢ without associated environmental
problems. Burning fossil fuels releases dangeralisitants (sulfur dioxide, sulfur trioxide,
carbon monoxide, nitrogen oxides, carbon dioxidel grarticulate matters) into the
atmosphere. Apart from causing health problemsctrbon dioxide sets up greenhouse in
lower atmosphere causing its temperature to ineréabich leads to global warming) which

in turn causes environment problems like heat waxedting of ice caps and eventually
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causes flooding, etc. Some other pollutants depleteozone layers that protect us from the
burning effect of ultraviolet radiation. On the ethhand, collapsed dams and nuclear
explosion can be highly catastrophic; they can pelbple and wipe away close settlements.
This means that these sources of energy may nolebe@ and may not be environmentally
friendly. Moreover, sources like nuclear and fofisdlls are themselves exhaustible (they can
finish one day). Renewable energy (energy that @afinish and can be created again)
alternatives are, therefore, a necessity becauskeofleclining interest in the use of these
conventional and non-renewable energy sources. dfyaver is conventional, though

renewable, but its large-scale use has becomeasiogly difficult to achieve in recent years

because of the competing use of land and watereffample, to restore wildlife habitats).

The use of fossil fuels, on the other hand, is muade developed and accepted in society,

but have some disadvantage like pollution, eveadhat is widely used.

ITQ1. What is renewable energy?

ANS. Renewable energy is energy that cannot fiaisth can be
created again. For example, renewable energy iaclud
hydroelectric dam, solar, wind, bio-fuels, etc

Wind and solar energy are, for instance, sourcasthave a wide geographical spread and
could be harnessed near the load centers witheutekd of high-voltage transmission lines
running through rural and urban landscapes. Renewafergy sources are clean because
they do not generate tons of carbon-dioxides, sufades and nitrogen oxides which are
harmful to the environment. Because of their clieesis and friendly nature, some countries

in Europe, Asia and America have already put inthese methods of generating electricity.

Another form of renewable energy resource is tloenbiss. Biomass produces bio-fuels like
bio-gas, ethanol, methanol and bio-diesel. Bioduate liquid or gaseous fuels that are
derived either from agricultural/municipal wastess foom energy crops like sugar beet,
wheat, maize, rapeseed and sunflower. Fuels obtdioer biomass can be used to generate
electricity. Biogas can be used as heat sourceéhfoiboiler of conventional steam turbine.
Electricity can also be generated from woody bi@rasgasification of the biomass and the
use of process heat captured in steam turbines. gaékification process is similar to coal or
oil shale gasification where the solid is conveltgcheat and pressure to a gas which is then

used to generate electricity.
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ITQ: What are some of the problems that are assocjated
with energy production?

ANS: Some of the problems associated with energy
production are: (1) release of dangerous gassdbein
atmosphere as a result of burning oils (fossildye(2)
collapsed dams or over-flooded dams will cause dsia
to farms, settlements and threaten lives, (3)nuclea
accident can lead to loss of lives and diseasgshi(4
fuel can lead to shortage of food for people.

On the other hand, the production of methanol,reithand bio-diesel from energy crops as
fuels in the name of environmentally friendly sauaf energy will, of course, be a threat to
human food security as more and more grains anetablg oil which should have been used
for food are being turned into bio-fuels for traogption. It is still argued whether the current
process for producing bio-fuels actually producesercarbon dioxide than the resultant bio-
fuels saved. Turning food into bio-fuels may evermimorse for the climate than using petrol
or diesel. This is because more land, includingdts and grasslands, has to be cleared and
the process of which releases vast amounts of cadiaxide into the atmosphere, and
because more fertilizers have to be used for laocgde production of these crops, it also
means more effect on the climate. In fact, agretdso-fuels may bring more problems for
humanity and the climate. Following the productpyocesses of bio-fuels, it is certain that it

may not be cost effective unless, of course, sigidn all its ramifications.

6.2.2 Conclusion

We have discussed in this unit the various soundfesnergy, both renewable and non
renewable. We have also observed that some enexgges can lead to environmental
problems. There is the need for people everywledetide how best to satisfy their energy

needs and environmental and health concerns.
Self Assessment Question No. 6

1. Define renewable energy and list four example€néwable sources of energy.

2. Explain three problems associated with energy geioer.
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Module seven: Chemical and Radio-chemical Hazards

Unit 7.1 Introduction to Various Forms of Hazards
Unit 7.2 Chemical Hazards

Unit 7.3 Radioactive Hazards

Unit 7.1 Introduction to Various Forms of Hazards

In this unit, the following will be focused upon:

» Definition and explanation of hazards
» Classification of hazards
* Examples of hazards

Objectives

It is envisaged that after going through this uydt should be able to:-

I. Define and explain the meaning of hazards
il Classify hazards
iii. Give various examples of hazards

Introduction

Despite scientific and technological achievemenhwinan societies which have made life
relatively easier, human beings live with numerbasards that threaten them. Some hazards
are related to human inventions, some to biologicatters, and others have to do with the
type of work or activities human beings engage g®ues in. In this unit, the major forms of

hazard affecting the life of people are identifead explained.
7.1.1 Defining Hazard

A hazard is generally anything that can hurt yomake you ill. There are four main types of

hazards: physical, biological, ergonomic and chainic
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Physical hazards

are the most common and will be present in moskplaces at one time or another. They
include unsafe conditions that can cause injulyeds and death. They are typically easiest to
spot, but, sadly, too often overlooked becauseawiilfarity (there are always cords running
across the aisles), lack of knowledge (they areseen as hazards), resistance to spending
time or money to make necessary improvements oplgimelays in making changes to
remove the hazards. Examples include electricahrdaz(frayed cords, missing ground pins
and improper wiring); unguarded machinery and mgumnachinery parts; constant loud
noise; high exposure to sunlight/ultraviolet raysat or cold; working from heights
(including ladders, scaffolds, roofs, or any raiseik area), etc

Biological hazards

come from working with animals, people or infecBoplant materials. Work in day care,
hospitals, hotel laundry and room cleaning, laklmtas, veterinary offices and nursing homes
may expose you to biological hazards. The typethiolys you may be exposed to include
blood or other body fluids, fungi, bacteria, virasglants, insect bites, animal and bird

droppings.

Ergonomic hazards

occur when the type of work, body position and vimgkconditions put strain on your body.
They are the hardest to spot since you don't ahviraysediately notice the strain on your
body or the harm these hazards pose. Short-terrosare may result in "sore muscles" the
next day or in the days following exposure, buigldéerm exposure can result in serious long-
term injuries. Ergonomic hazards include poor ligiptimproperly adjusted workstations and
chairs, frequent lifting, poor posture, awkward rmments (especially if they are repetitive),
having to use too much force (especially if youehto do it frequently).

Chemical hazards

are present when a person is exposed to any chepnégaaration in the workplace or other
places in any form (solid, liquid or gas). Some sater than others, but to some workers who
are more sensitive to chemicals, even common solsitcan cause illness, skin irritation or

breathing problems. Chemical hazards can come enféhm of liquids -like cleaning
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products, paints, acids, solvents (especially chalsiin an unlabelled container); vapours
and fumes (for instance, those that come from wgldir exposure to solvents); gases (like
acetylene, propane, carbon monoxide and heliun@nrftable materials (like gasoline,

solvents and explosive chemicals).
Summary

In this unit, the concept of hazard is defined mglang that can hurt and make a person ill.
The unit provides the classification of hazard dw/sgcal, biological, ergonomic, and

chemical
7.1.2 Conclusion

Numerous hazards are encountered in the courséea¥flhuman beings. Because hazards

lead to injuries, there is the need to identifynthie order to prevent them.

Self Assessment Question No. 7

1. List the four types of hazards and explain twoetadl.
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UNIT 7.2 Chemical Hazards

In this unit, the following will be focused upon:

» Definition and explanation of chemical hazard
» Effects of chemical hazards on human beings.
» Causes of chemical hazard

* Type of toxic chemicals

Objectives
It is envisaged that after going through this uyit should be able to:-

I. Define and explain the meaning of chemical hazard
il. Explain the causes of chemical hazard
iii. Classify toxic chemicals.

Introduction

Earlier, in unit 7.1, we defined hazard and exm@dithe various classification of hazard. One
of the hazards we read about is chemical hazarthidrunit, additional explanation of human
exposure to chemicals is provided. The unit alsavigdes explanation on how chemicals
enter the body and in what form. The elaborationchemical hazard is because of the

widespread use and availability of chemicals irenedime.
7.2.1 Human Exposure to Chemicals

Chemicals are a part of everyone's life. Therefimeeto seven million different chemicals
known in the world. At least 400 million tons oferhicals are produced worldwide each
year, including agricultural chemicals, food addi, pharmaceuticals, fuels for power
production, chemical consumer products, etc. IntiN&merica, alone, at least 1,200 new

chemicals are produced.

The frightening reality is that, for the vast mdijprof the chemicals used and being
developed, little or nothing is known about theaspible immediate or long-term effects on
the health of the workers who produce them or hemtat work. Yet workers continue to be

required to work with potentially toxic (poisonoas harmful to the worker) substances. In
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some countries, workers are required to work — wittle or no protection — with

chemicals that are known to be hazardous to huraalthh

Workers in some developing countries are oftenireduo work with toxic chemicals that
have been banned in developed countries becauskewnf hazardous effects. Similarly,
agriculture workers in developing countries (andnion-union agriculture jobs in some
developed countries) often spray herbicides antguss without any form of protection. In
most developed countries, workers using these sehmmicals dress up almost like
spacemen in protective clothing to avoid contanmomafrom the chemicals, and are provided

with washing facilities and regular medical chegswu

In many countries, chemicals are literally dumpeid ithe environment, often with serious
human and environmental consequences. Dependingeonhemicals dumped, the results
can be serious health problems for the workers (wa@lly do not know about the dangers
from the chemicals) and the community, and permiad@mage to the environment. In other
countries, the laws about chemical disposal aretstr order to protect people and the

environment.

Nearly all workers today are exposed to some sdrthiemical hazard because chemicals are
used in every type of industry, from mining, welgliimechanics and factory work, to office
work, etc. In fact, chemical hazards are the mesdbsgs health hazards for workers today.
Your first line of defence against chemicals isléarn as much as possible about the
substances you work with and to prevent exposutedm, no matter how “safe” you may

think they are, or how “safe” you have been tolkelythre!
7.2.2 How Toxic Chemicals Enter the Body

There are a variety of chemicals that are commasgd in various industries, homes,
schools, hospitals, etc. Due to human error, aotsder poor handling chemicals can enter

the body (routes of entry) in the following ways:
1. Inhalation through the lungs;

2. Absorption through the skin;

3. Ingestion through the mouth.
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Once toxic chemicals get into the body, they carsea variety of harmful effects, including
immediate (acute) effects or long-term (chronid¢ets which may not show up for a number
of years after the exposure occurred. Toxic chelsiican also produce local and systemic

effects, depending on the nature of the chemicalta@ route of exposure.

7.2.3 Effects of toxic chemicals

There are a number of factors that determine the of toxic effect a chemical can have on
human beings. These factors include:

1. The chemical composition of the hazardous substérexain substances are more
harmful than others because of their chemical siray;

2. The physical form of the chemical (dust, vapouyyid, etc.);

3. The route of entry by which the chemical gets ihi@ body (chemicals have different
routes of entry. Some chemicals can enter the lbodyore than one way. Different
health effects can occur depending on the rouent¥));

4. The particular tissues and organs in which the eterollects or localizes;

5. The frequency, concentration, and length of expgsamd

6. The worker's individual response to the chemicdilictv can vary a great deal from
person to person.

The following figures help to explain how chemica&n enter the body and the effects they
can have once they are in the body.
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INHALATION
Gases, vapours, dusis

and aerosols
SKIN ST
ABSORETION INGESTION \ passages
Spillage of dusis Dusts and Yiguids
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Trachea Oesophagus
l:wmdp e (zullet)
e to stomach
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MASAL
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Mickel and F,_..-—-""’/H BRAIN
clat it Lead, mercury and
compounds their compounds
LUMNGS
LUNGS AND SEIN

Ammonia, nitrogex

oxides, sulphur dioxide, Toluene di-isocyanate

ashestos and coal dusis i
; - EIDNMEYS
LIVER . s Rercury compounds and
Chlorinated L chlorinated
hydrocarhons, ethylene ) hydrocarbons
chlorehydrin and dioxane
NERVES
% .
BEADBER Mef'cur}r, cadmium and
& ine. henzidi q their compounds
and 2-naphthylamine i
!
!

SEIMN
Detergents, chlorinated
hydrocarbons, mineral acids BONE MARROW
and lubricating mineral oils Benzrene

Fig.4 On top of the figure you can see the routes of entry of chemicals into the human
body; skin, inhalation and ingestion. Below it are the organs and tissues that may be
affected by particular toxic industrial chemicals. nasal, lungs, liver, bladder, skin, brain,

skin, kidney, nerves and bone marrow
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It is important to understand that workers may stdifferent physiological responses to
industrial chemicals, just as people may show damgsponses to different medicines, foods,
etc. Some employers may try to select workers whareore “resistant to hazards” (so-called
“superworkers”) and remove workers who show annsigf poor health. It is also common
for employers to refuse to employ women of childbepage on work processes that are

known to affect the development of the foetus mwomb (such as work involving lead).
7.2.4 Forms of Toxic Chemicals

The physical form of a chemical can affect howrnitees the body and, to some extent, the
damage it causes. The main physical forms of chemire solids, dusts, liquids, vapours

and gases.
A. Solids

« Solids are the least likely of the chemical fornes dause chemical poisoning.
However, certain chemical solids can cause poigpiiithey get onto your skin or
food and you then ingest them. Personal hygieimapsrtant to prevent the ingestion
of chemical solids.

« The greatest danger with solids is that some wookgsses can change them into a
more dangerous form. For example, wood that isgoeirt can turn into wood dust
which can then be inhaled. Welding rods can decampoto fumes and gases.
Polyurethane foam is safe in its normal solid fdsat gives off deadly gases if it
burns.

« Chemicals in solid form can give off toxic vapowvkich can be inhaled, and solids
can be flammable and explosive, and corrosivedcskin.

- Effective control measures should be used with et@nsolids, particularly during

work processes which may change them into morertiaaa materials.
B. Dusts

« Dusts are tiny particles of solids.
+ You can be exposed to dust in the workplace fronterras that normally exist in
dust form (for example, bags of cement), or frontknyarocesses that create dust (for

example, handling glass fibre can produce toxid¢)dus
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« The main danger from harmful dusts is that you loaathe (inhale) them into your
lungs. When breathed in, the larger dust partiales usually trapped by hairs and
mucus and then removed by the body. Smaller pestitiowever, are more dangerous
because they can get deep inside the lungs wheyecin have damaging effects, or
they can be absorbed into the bloodstream andl traw¢her parts of the body where
they can cause damage. They can also cause eyge&lama

« Dusts can be hard to see — you often cannot evera sdoud of tiny dust particles
except with special lighting.

- Under certain conditions, dusts can explode. Anmgta of this is an explosion in a
grain silo or flour mill.

- Effective control measures should be used to keeg ith the workplace at “safe”

levels.

C. Liquids

« Many hazardous substances, such as acids and tsplaes liquids when they are at
normal temperature.

« Many liquid chemicals give off vapours which youncmhale and which may be
highly toxic, depending on the chemical.

« Liquid chemicals can be absorbed by your skin. Stiqmed chemicals may cause
immediate skin damage (they may or may not be &bsointo the bloodstream as
well). Other liquids pass directly through the skato the bloodstream, where they
can travel to different parts of the body and calesmaging effects.

- Effective control measures should be used withidigchemicals to eliminate or

reduce the possibility of inhalation, skin exposainel eye damage.

D. Vapours

« A vapour is the gas phase of a material which isnadly liquid under standard
conditions.

« Tiny droplets of liquid which are suspended in dlveare called mists.

- Many liquid chemicals evaporate at room temperaturech actually means that they
form a vapour and stay in the air.

« The vapours from some chemicals can irritate ygaseand skin.
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- There can be a variety of serious health effecisifinhaling certain toxic chemical
vapours.

« Vapours can be flammable or explosive. To avoid déir explosion, it is important to
keep chemicals that vaporize away from any spadmyrces of ignition or
incompatible chemicals.

« Controls should be used to prevent worker exposuvapours from liquids, solids or
other chemical forms.

« Gasoline and water are two examples of liquids Wwigienerate vapour under standard

conditions.
E. Gases

+ Some chemical substances are in the form of a denwhey are at a normal
temperature. However, some chemicals in liquid aidsform become gases when
they are heated.

« You can detect some gases easily by their colownull, but there are other gases
that you cannot see or smell at all — you can oadyect them with special
equipment.

« Gases can be inhaled.

- Some gases produce irritant effects immediatelye Mbalth effects of other gases
may be noticeable only after your health has ajrdmn seriously damaged.

+ Gases may be flammable or explosive. Extreme aastiould be used when working
around flammable or explosive gases.

« Workers should be protected from the potential larraffects of chemical gases
with effective control measures in the workplace.

«  Some examples of gases are: nitrogen, nitrogenicsipxarbon monoxide, carbon

dioxide and oxygen.
Summary

In this unit, the various ways in which people exposed to chemicals are explained. People
are exposed to chemicals in various sectors rarfgang work place, hospitals, schools or the
natural environment. The unit also discusses tHectsf of toxic chemicals and how

chemicals enter the body. Finally, five differentrhs of toxic chemicals are explained.
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7.2.5 Conclusion

It can be observed that people are generally exptts@umerous chemical hazards due to
interaction with directly (as workers in chemicaéc®rs) and indirectly (from the
environment, schools, hospitals, etc). While itvidually impossible to absolutely avoid
contact with chemicals in modern societies, pesplauld be very cautious so as to minimize

injuries as a result of exposure to chemicals.

Self Assessment Question No. 7

1. Explain in your own words how toxic chemgcaln enter the human body.

2. List the forms of toxic chemicals we have angdlax one in detalil
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Unit 7.3: Radioactive Hazard

In this unit, the following will be focused upon:

» Definition and explanation of radioactivity
* Types of radioactive decay
» Effects of radioactivity on human beings

Objectives

It is envisaged that after going through this uyit should be able to:-

I. Define and explain the meaning of radioactivity

il. Classify radioactive decays

iii. Explain the effects of radioactivity on human hiealt
iv. Give various examples of radioactive decays

Introduction

The creation of huge quantities of long-lived radiive waste is the most formidable
problem facing the nuclear power industry todaye Thfficulty of waste disposal was not

considered to be a big problem during the time wbewer plants were first introduced; it

was assumed that waste could be recycled or budaetbrtunately, finding safe ways of

storing radioactive wastes so that they do not tedkation into the environment has proved
to be a much more difficult task than anticipated.

7.3.1 What is Radioactivity?

Radioactivity is the spontaneous emission of ramhatand radiation is a way in which

energy moves from one place to another. Althouglateon, if properly harnessed, is useful
to human beings (in medicine, communication, el@tyr etc), it is also very dangerous to all
living things. Radioactivity occurs when unstableclei of atoms decay and emit particles.
These particles may have high energy and can hedefiects on living tissue.

Radiations are of two types, ionizing and non-ioxgz Non-ionizing radiations affect only

those components which absorb them and have lowtiadmlity. lonizing radiations have

high penetration power and cause breakage of madecules.
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Man-made sources of radiation pollution are miramgl refining of plutonium and thorium,
production and explosion of nuclear weapons, nugewer plants and fuels and preparation

of radioactive isotopes.

7.3.2 Types of Radioactive Decay

There are three main types of radiation:

Alpha Decay

The reason alpha decay occurs is because the sugésutoo many protons which cause
excessive repulsion. In an attempt to reduce tpels®n, a Helium nucleus is emitted. The
way it works is that the Helium nuclei are in camdtcollision with the walls of the nucleus
and because of its energy and mass, there exisiazero probability of transmission. That

is, an alpha particle (Helium nucleus) will tunoet of the nucleus

Beta Decay

Beta decay occurs when the neutron to proton iatimo great in the nucleus and causes
instability. In basic beta decay, a neutron isédrmto a proton and an electron. The electron
is then emitted.

There is als@ositron emissionwhen the neutron to proton ratio is too small. Atpn turns
into a neutron, and a positron and the positramigted

The final type of beta decay is knownedsctron captureand also occurs when the neutron
to proton ratio in the nucleus is too small. Thelaus captures an electron which basically

turns a proton into a neutron.

Gamma Decay

Gamma decay occurs because the nucleus is atgb@ahienergy. The nucleus falls down to
a lower energy state and, in the process, emitgyla énergy photon known as a gamma

particle.
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7.3.3 Effects of Radiation on Humans

Radiation occurs when unstable nuclei of atoms ylecal release particles. When these
particles touch various organic materials, suchisssie, damage may occur. Radiation can
cause burns, cancers and death.

The unit used to measure radiation dosage is tine wdich stands for roentgen equivalent
in man (rem). It represents the amount of radiatieeded to produce a particular amount of
damage to living tissue. The total dose of remerd@hes how much harm a person suffers.
At Hiroshima and Nagasaki, people received a dbseros at the instant of the explosions,
then more from the surroundings and, in limitedaardromfallout. Fallout is composed of
radioactive particles that are carried into thearpmtmosphere by a nuclear explosion and
that eventually fall back to the earth's surface.

Although a dose of just 25 rems causes some dbteathanges in blood, doses to near 100
rems usually have no immediate harmful effects.eBasbove 100 rems cause the first signs

of radiation sickness including:

. nausea
. vomiting

. headache

. some loss of white blood cells

Doses of 300 rems or more cause temporary hair bosslso more significant internal harm,
including damage to nerve cells and the cellslthatthe digestive tract. Severe loss of white
blood cells, which are the body's main defensenrsganfection, makes radiation victims
highly vulnerable to diseases. Radiation also redyoroduction of blood platelets, which aid
blood clotting; hence, victims of radiation sickeese also vulnerable to hemorrhaging. Half
of all people exposed to 450 rems die, and dose®00frems or more are always fatal.
Besides the symptoms mentioned above, these patgadesuffer from fever and diarrhea.

Presently, there is no effective treatment; soldeaturs within two to fourteen days.

In time, for survivors, diseases such as leukemaader of the blood), lung cancer, thyroid
cancer, breast cancer and cancers of other organsppear due to the radiation received.
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7.3.4 Effects of Types of Radiation

1. UV Rays.

Short waves having wavelength 100-300 nm and hagingy. UV rays of 260nm wavelength
are most effective against DNA. It damages thesadlcornea leading to permanent
blindness. It injures cells of germinative layers&in and produces blisters and reddening of
skin (skin cancer). Normally our skin possessempigiation to protect against UV rays, but
some lack this pigmentation and are more probades: This state is called xeroderma

pigmentosum. UV rays increase incidences of caameémutations in man.

Cosmic rays.

They have radiations less than 0.001A and highggnsufficient to disintegrate every

organic compound on which they fall. But fortungtey are trapped in stratosphere and
only a little amount reaches the earth.

Other radiations are X-rays, background radiativosy nuclear fallout which have reached
to such an extent they have slowed evolution abuarorganisms on earth.

Effects were noted in 1909 when uranium miners vieoad to suffer from sun burns and
cancer. High altitude plants have developed polggl@s a protective mechanism against
radiations. During a nuclear fallout immediate effes through isotopic 1-131 and Sr-90.
Radioactive 1-131 gets concentrated in thyroid dléike ordinary iodine (I-127). It causes
damage to WBCs, bone marrow, spleen, lymph nodes,tc. e
It impairs eyesight and produces sterility, skinaa and lung tumours. Radioactive Sr-90 is
mistaken for calcium and enters bones to cause bameer; for instance, Historic examples
of heinous nuclear fallout are atomic bomb droppagNagasaki and Hiroshima (Japan,
1945)

7.3.5 How nuclear waste enters the body

The planet's water cycle is the main way radiagjets spread about the environment. When
radioactive waste mixes with water, it is ferridwlough this water cycle. Water cycle is the
series of movement of water above, on and belowstitace of the earth. The water cycle
consists of four distinct stages: sorage, evapmraprecipitation and run-off. Radionuclides

in water are absorbed by surrounding vegetationragested by local marine and animal life.
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Radiation can also be in the air and can get deggbsin people, plants, animals and soil.
People can inhale or ingest radionuclides in ainkihg water or food. Depending on the
half life of the radiation, it could stay in a person foramuonger than a lifetime. The half
life is the amount of time it takes for a radioaetmaterial to decay to one half of its original
amount. Some materials have half-lives of more th@00 years!
Radioactive Hazards come in many different fornaduiding the following:

« protective clothing of people in contact with raatitive materials

« the remains of lab animals used in experiments kaitihonuclides

- cooling water, used fuel rods and old tools andspaom nuclear power plants

« mill tailings from uranium-enrichment factories

+ old medical radiation equipment from hospitals almics

« used smoke detectors which contain radioactive igmaer-241 sensors

Summary

In this unit, the word radioactivity is defined.idtalso stated that radioactive decay is divided
into three: alpha, beta and gamma. In the unip, alse effect of two specific types of
radiation is explained. Finally, there’s an exptaraof how nuclear waste enters the body.
The water cycle is very influential in the procesfiow radiation enters the body.

7.3.6 Conclusion

Radioactivity is one of the most dangerous processehuman life on earth. Despite its
usefulness in some aspects of life, it needs tprbperly handled such that it can be less

threat to human existence.

Self Assessment Questions

1. Explain radiation and its effects on human beings.
2. Explain radioactivity and the types of radioacttecays
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Module Eights: Environmental Effects of Chemicals, Plastics, Wastes

and Other Materials
Unit 8.1 Pollution

Unit 8.2 Environmental Effects of Pollutants

Unit 8.3 Environmental Effects of Plastics and @th&astes

Unit 8.1 Pollution
In this unit, the following will be focused upon:

» Definition of pollution
* Types of pollution
» Causes of pollution

Objectives

It is envisaged that after going through this medybu should be able to:-

I. Define and explain the meaning of pollution
il. Classify pollution

iii. Explain the causes of pollution

iv. Give examples of pollution

Introduction

In this unit, pollution is defined, and variousrfts of it are explained.

Definition of Pollution

Pollution is the introduction of contaminants (dabse that does the contamination) into an

environment that causes instability, disorder, hamdiscomfort to the ecosystem, that is,

physical systems or living organisms. Pollution take the form of chemical substances or

energy, such as noise, heat, or light. Pollutaihis,elements of pollution, can be foreign

substances or energies, or naturally occurring;nwiegurally occurring, they are considered

contaminants when they exceed natural levels. tatius often classed as point source or

nonpoint source pollution.
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8.1.2 Environmental Pollution

Environmental Pollution in broad terms may be dedims an undesirable change in physical,
chemical or biological characteristics of air, wadad land that may or will harmfully affect
human lives, lives of desirable species, living dibans or will deteriorate raw materials
resources. Pollutants are substances, chemicalactors which cause adverse effect on
natural quality of any constituent of environmeRallutions are generally bye products or
waste - products. There are nine basic types off@mwmental pollution, and each one has
detrimental effects on wildlife, human habitatiamdahe quality of life in the affected area.

They are as follows:

Air Pollution:

Air pollution is defined as any contamination okthtmosphere that disturbs the natural
composition and chemistry of the air. This can b¢hie form of particulate matter such as
dust or excessive gases like carbon dioxide orrottagors that cannot be effectively
removed through natural cycles, such as the cacpde or the nitrogen cycle. Air pollution
comes from a wide variety of sources. Some of tbetraxcessive sources include vehicle or
manufacturing exhaust, forest fires, volcanic enns, dry soil erosigrother natural sources

and building construction or demolition, among others

Depending on the concentration of air pollutaneyesal effects can be noticed. Smog
increases; higher rain acidity, crop depletion fioadequate oxygen, higher rates of asthma,

and global warming are all related to increasegaililution.

Water Pollution:

Water pollution involves any contaminated water,.etiler from chemical, particulate, or
bacterial matter that degrades the water’s qualitgt purity. Water pollution can occur in
oceans, rivers, lakes, and underground resenamisas different water sources flow together
the pollution can spreadCauses of water pollution include increased sedinfrem soil
erosion, improper waste disposal and litteringcléag of soil pollution into water supplies
and organic material decay in water supplies. Tfeces of water pollution include

decreasing the quantity of drinkable water avadabbwering water supplies for crop
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irrigation and impacting fish and wildlife populatis that require water of certain purity for

survival.

Soil Pollution:

Soil, or land pollution, is contamination of thdlgbat prevents natural growth and balance
in the land whether it is used for cultivation, ation, or a wildlife reserve. Some soil
pollution, such as the creation of landfills, idilderate, while much more is accidental and
can have widespread effects. Soil pollution soumtelside Hazardous waste and sewage
spills, non-sustainable farming practices, sucthaseavy use of inorganic pesticides, strip
mining, deforestation, and other destructive pcasti household dumping and littering. Soil
contamination can lead to poor growth and reduceg gields, loss of wildlife habitat, water

and visual pollution, soil erosion and desertificat

Noise Pollution:

Noise pollution refers to undesirable levels ofsesi caused by human activity that disrupt
the standard of living in the affected area. Ngiskution can come from traffic, airports,
railroads, manufacturing plants, construction, digima or concerts. Some noise pollution
may be temporary, while other sources are more geent. Effects may include hearing loss,
wildlife disturbances and a general degradatiolifestyle.

Radioactive Pollution:

Radioactive pollution is a type of pollution thatrare but extremely detrimental, even
deadly, when it occurs. Because of its intensity @ne difficulty of reversing damage, there
are strict government regulations to control radiiva pollution. Sources of radioactive
contamination include nuclear power plant accidenigakage, improper nuclear waste
disposal and uranium mining operations. Radiatliupon can cause birth defects, cancer,
sterilization, and other health problems for huraad wildlife populations. It can also

sterilize the soil and contribute to water andpailfution.

Thermal Pollution:

Thermal pollution is excess heat that creates uratds effects over long periods of time.
The earth has a natural thermal cycle, but excessmperature increases can be considered
a rare type of pollution with long-term effects. Meatypes of thermal pollution are confined
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to areas near their source, but multiple sourceshese wider impacts over a greater
geographic area. Thermal pollution may be causdédwer plants, urban sprawl, air
pollution particulates that trap heat, deforestatiad loss of temperature moderating water
supplies. As temperatures increase, mild climdtanges may be observed, and wildlife

populations may be unable to recover from swifingjes.

Light Pollution:

Cities cause light pollution. Light pollution isdalover-illumination of an area that is
considered obtrusive. Sources include large citidgoards, nighttime sporting events and
other nighttime entertainment. Light pollution makeimpossible to see stars, therefore
interfering with astronomical observation and paed@njoyment. If it is near residential

areas, light pollution can also degrade the qualityfe for residents.

Visual Pollution:

Visual pollution — eyesores — can be caused byr dyipes of pollution or just by undesirable,
unattractive views. It may lower the quality okliin certain areas, or could impact property
values and personal enjoyment. Sources of visdhltfm include power lines, construction
areas, billboards and advertising or neglectedsaveabjects such as polluted vacant fields or
abandoned buildings. While visual pollution has fawnediate health or environmental

effects, the other types of pollution that causewsore can have detrimental effects.

Personal Pollution:

Are you polluting yourself? Personal pollutionh® tcontamination of one’s body and
lifestyle with detrimental actions. These may intduexcessive smoking, drinking or drug
abuse, emotional or physical abuse, poor livingdd@ns and habits or poor personal
attitudes. In some cases, personal pollution magfheted by caregivers, while in other
cases, it is caused by voluntary actions. Takirgjtive steps in your life can help eliminate

this and other types of pollution so you can leaxlose productive, satisfying life.

Self Assessment Question

1. Explain pollution and list the various types of gammental pollutions we have.
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Unit 8.2: Environment Effects of Pollutants

In this unit, the following will be focused upon:

» Definition of pollutants
» Types of pollutants
» Control of pollutants

Objectives

It is envisaged that after going through this medybu should be able to:-

I. Define and explain the meaning of pollutant
il. Classify pollutants
iii. Explain how pollutants are controlled

Introduction

In the previous unit (Unit 8.1 Module Eight), pdlan was explained, including its types and
causes. Pollution was defined as the introductforoataminants into an environment which
causes instability, disorder, harm or discontergdosystem. In this unit, pollutant, which is
the substance that causes pollution, is explaingdiis various types.

8.2.1 What is a pollutant?

A pollutant is a waste material that pollutes aiater or soil, and it is the cause of pollution.
Three factors determine the severity of a pollutastchemical nature, the concentration and
the persistence. Some pollutants are biodegradafde therefore will not persist in the
environment in the long term. That is, they canageand dissolve easily. However, the
degradation products of some pollutants are thamsepolluting. Examples of such are
insecticides produced from DDT (dichlorodiphenyltioroethane), a type of chemical
pesticide which is hazardous to living things. Nibvat you know what a pollutant is, we can
move forward to explain the form of pollutant aahile. Now can you differentiate between

pollution and pollutants?
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8.2.2 Types of Pollutants based on Absorption

Based on absorption (that is, how the pollutants are sucked-up by the
environment), pollutants can be divided into two: stock and fund pollutants.

Read the explanation below.

Stock pollutants

Pollutants that the environment has little or neaptive capacity are called stock pollutants

(e.g. persistent synthetic chemicals, non-biodeajsked plastics, and heavy metals). Stock

pollutants accumulate in the environment over tiffliee damage they cause increases as
more pollutant is emitted, and persists as theufoit accumulates. Stock pollutants can

create a burden for future generations by passmglamage that persists well after the

benefits received from incurring that damage haenlforgotten.

Fund pollutants

Fund pollutants are those for which the environnmeag some absorptive capacity. Fund
pollutants do not cause damage to the environmel@iss the emission rate exceeds the
receiving environment's absorptive capacity (eagban dioxide, which is absorbed by plants
and oceans). Fund pollutants are not destroyed,rdttier converted into less harmful

substances, or diluted/dispersed to non-harmfuteatnations.

Now that we have discussed the two types of paitgtawe can go ahead to discuss the

specific effects of different pollutants to the gomment.

8.2.3 Consequences of Pollutant on the Environment
The following are the consequences or outcomesiftérent types of pollution on the
environment:

Air Pollutants

Air pollution is the presence of materials in thei@ such concentrations which are harmful

to man and his environment. Various causes ofdiufon can be seen on the table 1 below.

107



The major causes of pollution in urban areas atenaabiles (vehicles) which inefficiently
burn petroleum, release 75% noise, and 80% aiufawits. Concentration of industries in one

area is another major cause.

Category Examples Important pollutants
1. Chemical plants Petroleum refineries,H,S, sulphur oxide, fluorides,
fertilizers, cements, papeorganic vapours and dust

mills, ceramic clay products
glass manufacture

2. Crop spraying Pesticides and herbicides Orgavsyptates, chlorinate

hydrocarbons, lead, arsenic

3. Fuel burning Domestic burning, therm

power plants

\&@ulphur and nitrogen oxides

4. Metallurgy| Aluminium refineries and Metal flumes (Pb and Zn)
plants steel plant fluorides and particulates

5. Nuclear device Bomb explosions Radioactive fall out, Sr-90, (
testing 137, C-14 etc.

6. Ore| Crushing, grinding  andUranium and beryllium dus
preparations screening other particulates

7. Spray painting, Printing and chemicalHydrocarbons and  other
ink, solvent| separations, furniture, dyeing organic vapours

cleansing

8. Transportation | Cars, trucks, aeroplanes

railways

an@, NO, NO2, Pb, smokg
soot, smoke organic vapou
etc.

Table 1 showing the major types of air pollutiord d@neir effects.

Water Pollutants

Water pollution adversely changes the quality ofemnalt degrades the quality of water so
that it either becomes health hazard or unfit &e.\Burface water is never pure. Soil erosion,
leaching of minerals from rocks, decaying of orgamiatter is the natural sources of water
pollution. Most of water pollution is man-made. Tiedfects of water pollutants are:
(a) Eutrophication, which is a natural processeoled in lakes and tanks where rich growth
of micro-organisms consumes much of dissolved oxygeepriving other organisms. It is
generally found at bottom layers of deep lakess harmful to fish and other aquatic life.
(b) Foam formation in waters by soaps, detergents akalines which makes the water

polluted.
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Biological magnification.

Chlorinated hydrocarbons, e.g. DDT (dichlorodipHaighloroethane), a type of chemical
pesticide, also enter into the water of the surdmm environments where they are used.
Aquatic animals like fish and other that use sudtewalso absorb these chemicals while
feeding. The increased accumulation of toxic suitsa in food pyramids is called biological
magnification. Many species of predatory birds lé&gles and hawks also show adverse
effect of chemical accumulation in their bodiesinterferes with egg shell production in
many birds. Shells are thin and are easily brokerbibd’'s weight during incubation. It
adversely affects the developing embryos.

Soil Pollutants

These includeFluorides that affect plant photosynthesis, cawsd and fruit abscission.
Maize is the sensitive indicator of fluoride poitut. In human beings, mottling of teeth
(fluorosis) is an indication of fluorination. Boffleorosis results in weak bones, boat-shaped
posture and knocking of knee. Also, Nitrogen feséition (nitrates + nitrite) toxic
concentration in leaves and fruits enters into fobdin. In the stomach, activity of bacteria
changes nitrates into nitries. The latter entes®dbland combines with haemoglobin to form
meta-haemoglobin which causes reduction in oxygemsportation in the body. It gives rise
to a disease called methanaemoglobinaemia. Ints)farcauses cyanosis (blue babies due to
bluish tint of skin).

Community waste waters.

Community waste water includes discharge from hommmmmercial and industrial
establishment connected to public sewage systempGsition of sewage varies from place
to place. Major components are human and animaktxcfood residues, cleaning agents,
detergents and other wastes. It is rich in bactani@ organic substrates. Scum and sludge

formed by organic wastes make the water unfitéareation and industrial use.
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Industrial Pollutants.

Composition of industrial wastes depends uponahm fof industry and type of water

processing employed and its bye-products. The taddtewv lists common industrial pollutant

and their consequences:

Table 2 showing the various types of industrial pollutants

Type of Industry

Inorganic Pollutants

Organic Pollutants

Chemical plants

Various acids and alkali
Chlorides, sulphates nitrates
metals, phosphorus, fluorin

silica and suspended patrticles

egromatic compounds
ofolvents, organic acid
e nitro compounds dyes etc

\"2 2

Detergent and soap

Tertiary ammonium compounéats

alkalies

and
glycerol
sulphonated hydrocarbon;

fatty acids
polyphosphates

Py

U

~

Food processing

Highly putrescible orga
matter and pathogens

nic

Iron and steel

Suspended solids, iron cyandi

Mining Mine wastes: Chlorides, various --
metals, ferrous sulphatg,
sulphuric acid, hydrogen
sulphide  ferric hydroxide,
surface wash offs, suspended
solids, chlorides and heayy
metals.
Paper and pulp Sulphides, bleaching liquors. Cmdlil  fibers,  bark|
wood sugars, organic acids.
Pharmaceuticals -- Protein, carbohydrates
organic solvents,

intermediate products
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Agricultural Pollutants

Use of high yielding varieties of crops increadeel demand for fertilizers; they are carried to
ground water by leaching. They are also added gtraurface run off. Many pesticides are
non-degradable. Huge amount of animal excreta -dpiggeries- is either discharged into
grazing fields or dumped into pits.

These are later carried either by surface run-offet percolated into ground water. Lack of
potable drinking water supply, unhygienic habitsl gaoor waste disposal have aggravated
the problem of water pollution. To evade water yidn regulations and to avoid cost of

treatment, industries are disposing off their wagie ground which has lead to large scale

pollution of underground water.

8.2.4 Conclusion

In this unit, pollutants are defined and the ty@esl effects of various pollutants are

discussed.
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Unit 8.3: Environmental Effects of Plastics

In this unit, the following will be focused upon:

» Definition of plastics
» Harmful Effects of plastics on the environment

Objectives

It is envisaged that after going through this megybu should be able to:-

i. Define plastics
il. Explain the harmful health effects of plastic waste

Introduction

One of the commonest pollutants in our environmemglastic and its bye-products. In this

unit, we discuss what plastic is and how harmfid tb the environment.

8.3.1 Definition of Plastic

A plastic material is any of a wide-range of sytther semi-synthetic organic amorphous
solidsused in the manufacture of industrial productsstRia are typically polymers of high
molecular mass, and may contain other substancespmve performance and/or reduce
costs. The raw materials used to make most plasticee from petroleum and natural gas.
There are two types of plastics: thermoplastics thiedmosetting polymers. Thermoplastics
will soften and melt if enough heat is applied; repées are polyethylene, polystyrene,
polyvinyl chloride and polytetrafluoroethylene (FH}F Thermosets can melt and take shape
once; after they have solidified, they stay solid.

Plastic bags are very popular with both retailersvall as consumers because they are cheap,
strong, lightweight, functional, as well as a hygeemeans of carrying food and other goods.
Even though they are one of the modern convenieti@swe seem to be unable to do
without, they are responsible for causing pollutikiling wildlife and using up the precious
resources of the earth.
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8.3.2 Harmful Effects of Plastics

Billions of plastic bags are used each year adfusglobe. Do you also use plastics? Okay,

whatever your answer, here are some of the hamfiedts of plastic bags:

Plastic bags litter the landscape.

Once they are used, most plastic bags go into ilandfrubbish tips. Each year, more and
more plastic bags are ending up littering the emrrent. Once they become litter, plastic
bags find their way into our waterways, parks, beacand streets. And, if they are burned,

they infuse the air with toxic fumes.

Plastic bags Kill animals.

About 100,000 animals, such as dolphins, turtlealegrand penguins are killed every year
due to plastic bags. Many animals ingest plastgspmistaking them for food, and therefore
die. Worse still, the ingested plastic bag remaintact even after the death and
decomposition of the animal. Thus, it lies aroumdhie landscape where another victim may

ingest it.

Plastic bags are non-biodegradable.

One of the worst environmental effects of plastigdis that they are non-biodegradable. The

decomposition of plastic bags takes about 1000 syear

Petroleum is required to produce plastic bags.

As it is, petroleum products are diminishing anttigg more expensive by the day, since we
have been using this non-renewable resource inoghpasPetroleum is vital for our modern
ways of life. It is necessary for our energy reguoients — for our factories, transport, heating,
lighting and so on. Without viable alternative stes of energy yet on the horizon, if the
supply of petroleum were to be turned off, it wolddd to practically the whole world
grinding to a halt. Surely, this precious resowiceuld not be wasted on producing plastic

bags; should it?
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Adverse Health Effects of Plastics.

In addition to creating safety problems during prctebn, many chemical additives that give
plastic products desirable performance propertsszave negative environmental and

human health effects. These effects include:

. Direct toxicity, as in the cases of lead, cadmiang mercury
. Carcinogens, as in the case of diethylhexyl phtedlREHP)
. Endocrine disruption, which can lead to cancenshliefects, immune system

suppression and developmental problems in @nldr

People are exposed to these chemicals not onlynwglumanufacturing, but also by using
plastic packages, because some chemicals migkate thie plastic packaging to the foods
they contain. Examples of plastics contaminatingdfthave been reported with most plastic
types, including Styrene from polystyrene, plagges from PVC, antioxidants from
polyethylene and acetaldehyde from PET.

Among the factors controlling migration are the minEal structure of the migrants and the
nature of the packaged food. In studies cited indFAdditives and Contaminants, LDPE,
HDPE and polypropylene bottles released measurbdsels of BHT, Chimassorb 81,
Irganox PS 800, Irganix 1076, and Irganox 1010 ith@ir contents of vegetable oil and
ethanol. Evidence was also found that acetaldehydeated out of PET and into water.
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Module Nine: HIV/AIDS

Unit One: HIV/AIDS
In this unit, the following will be focused upon:
* What HIV/AIDS is all about
* How HIV causes AIDS
» The means of transmission and symptoms of AIDS

» The control and prevention of HIV/AIDS infection

Objectives

At the end of this unit, you should be able to:

i. Explain what HIV and AIDS means

ii. Discuss how to detect HIV infection

iii. List and explain how HIV is transmitted

iv. Explain how HIV develops to AIDS

v. Discuss the worldwide pattern of infection with HAIDS
vi. Explain how to control and prevent the spread &f/AIDS

Introduction

HIV/AIDS is a form of disease that affects many plean the world. As an important health
issue, it is important for people all over to knawout it in such a way that its spread can
curtailed and those affected can get proper cdres Unit therefore explains HIV/AIDS, its

causes, transmission modes, as well as prevemmiantrol.

9.1.1 The Meaning of HIV/AIDS

HIV is short forHuman Immunodeficiency VirusThis is the virus that causes thequired
Immunodeficiency Syndrom@AIDS). The HIV is a type of virus calle@trovirus which uses
Ribonucleic Acid (RNA), genetic material of certaimuses (RNA viruses) and, in cellular
organisms, the molecule that directs the middlepsst®f protein production) not
Deoxyribonucleic Acid (DNA)genetic material of all cellular organisms and mosises.
DNA, as its genetic messenger. In unit 3.4, we @rpd DNA as the compound that
explains the blueprint that determines the charsties of living things, including

determining heredity. RNA is the genetic materidl certain viruses. Scientists have
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identified two types of this virus — HIV-1 and HI®-HIV-1 is the primary cause of AIDS
worldwide. HIV-2 is found mostly in West Africa. [1981,homosexuamen with symptoms
of a disease that am®w considered typical of AIDS were first described.os Angeles and
New York. The men had an unusual type of lung imd@c(pneumoniq and rare skin tumors,
called Kaposi's sarcomas. The patients were natdthte a severe reduction in CD4 or T
cells. CD4 or T cells are immune system cell in bloely which are vulnerable to HIV. In
1983, two groups of researchers in the United Statel France, working independently,
described the virus that causes AIDS, now knownthashuman immunodeficiency virus
(HIV).

9.1.2 Replication and Disease Process

Replication is concerned with how HIV viruses npilfi HIV is a complicated virus that
replicates primarily in specialized cells of thedps immune system called CD4
lymphocytes. During HIV replication, the CD4 ce#lee destroyed. Over a period, that may
last from a few months to up to 15 years, HIV magtcby enough CD4 lymphocytes that
the immune system becomes unable to function pisopléthe number of CD4 cells falls
below 200 per cubic millimeter, or if some otheesjal conditions occur, the person is
defined as having AIDS. These special conditiortdunhe infections and cancers that take
advantage of the way that HIV suppresses the immysi&m. An infected person develops
multiple life-threatening illnesses from infectiotizat normally do not cause illnesses in
people with a healthy immune system. Some people hdve HIV infection may not
develop any of the clinical illnesses that define tull-blown disease of AIDS for ten years

or more.

HIV infection is generally a slowly progressive eise in which the virus is present
throughout the body at all stages of the diseask Gam be spread to others through

unprotected sex or contact with blood or some dbloely fluids.
Three stages of HIV infection have been descrilbédse are as follows:

1. The initial stage of infection (primary infectionyhich occurs within weeks of acquiring
the virus, and often is characterized by a "flu-"rmono-"like iliness that generally resolves
within weeks. The most common symptoms of primaily khfection are fever, aching

muscles and joints, sore throat and swollen glélydsph nodes) in the neck.
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2. The stage of chronic asymptomatic infection (megninlong duration of infection
without symptoms) lasts an average of eight toddry.

3. The stage of symptomatic infection, in which thely{de immune (or defense) system has
been suppressed and complications have developsd, called the Acquired
Immunodeficiency Syndrome (AIDS). The symptoms eaesed by the complications of
AIDS, which include one or more unusual infectiamscancers, severe loss of weight,
intellectual deterioration (called dementia), fe¥@r more than a month, diarrhoea lasting
for more than one month, persistent dry coughrigstiore than one month, swelling around
the neck, arm pit and private parts and other skes, including pneumonia and

tuberculosis.

9.1.3 Transmission

HIV transmission occurs when a person is exposedotty fluids infected with the virus,
such as blood, semen, vaginal secretions, andtbmeidls The primary modes of HIV
transmission are

1. Sexual relations with an infected person;

2. Sharing hypodermic needles or accidental prgky a needle contaminated with infected
blood;

3. Transfer of the virus from an infected mothehéer baby during pregnancy, childbirth, or
through breast-feeding; and

4. Through transfusions of infected blood or blamokting factors. Scientists and medical
authorities agree that HIV does not survive wellhe environment, making the possibility of
environmental transmission remote.

Some people fear that HIV might be transmitted theo ways; however, no scientific
evidence to support any of these fears has beemfduHIV were being transmitted through
other routes (such as through air, water or in}ettts pattern of reported AIDS cases would
be much different from what has been observed.ekample, if mosquitoes could transmit
HIV infection, many more young children and preadcknts would have been diagnosed
with AIDS.

9.1.4 Diagnosis

Diagnosis is concerned with detecting or identifyandisease affecting a person. Within two

to six weeks of an exposure, the majority of irdelcpeople will have a positive HIV
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antibody test, with virtually all being positive Isyx months. The test used most commonly
for diagnosing infection with HIV is referred to asELISA (Enzyme Linked Immunosorbent
Assay) If the ELISA finds the HIV antibody, the presermmethe antibody is confirmed by a
test called avestern blat There are now several rapid antibody tests thatbe performed
on blood or saliva and provide preliminary reswithin 20 minutes. These tests are fairly
accurate but also need to be confirmed with a Wedtot. HIV testing is important to
diagnose those who are newly infected, to idemtigviously unrecognized infections and to
relieve the minds of those who are not infected/ kisting is also used to reduce the risk of
transmission during blood transfusions and tissaaesplantation. Routine HIV testing of
adolescent and adult patients in all health-cattings and of allpregnantwomen is
recommended. Thus, HIV testing is considered plarbatine medical practice, similar to
tests that screen for other diseases. People vehatdrigh risk for HIV should be tested at
least annually. Sometimes, doctors request or reqesting as part of evaluation and
treatment for other conditions, such as women guleg treatment with assisted

reproductive technologies forfertility .
9.1.5 Treatment

No treatment that cures AIDS is available . Thalgof drug therapy are to prevent damage
to the immune system by the HIV virus and to haltlelay the progress of the infection to
symptomatic disease. Known as antiretroviral thgrépese drugs target different stages in
the life cycle of HIV. Therapy for HIV includes cdmmations of drugs that decrease the
growth of the virus to such an extent that thettnemt prevents or markedly delays the
development of viral resistance to the drugs. Tést bombination of drugs for HIV has not
yet been defined, but one of the most importantofacis that the combination be well
tolerated so that it can be followed consistentiyhaut missing doses.

9.1.6 Epidemiology

Since the beginning of the epidemic, almost 60iamlpeople have been infected with

HIV, and 25 million people have died of HIV-relateduses. According to a United Nations
report in 2008, nearly 7,500 people worldwide beearewly infected with HIV, and 5,500
others die from AIDS, every day. But because ofrowpd prevention programs, the rate of
new infections is slowing, falling from 3 milliomi2001 to 2.7 million in 2008. Moreover,

fewer people are dying from AIDS, with the rate gjsmg from 2.2 million in 2005 to 2.0
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million in 2008. However, because HIV-infected widuals are living longer, their numbers
are increasing, rising from an estimated 29.5 omllin 2001 to 33.4 million in 2008. Sub-
Saharan Africa is home to 67% of all people livimigh HIV, most of whom are female, and
91% of all new infections among children. HIV prearace is generally low in Muslim
countries, for example countries in North Afriche tMiddle East, Indonesia and parts of
India. This may be due to factors such as circuimisn men and stricter social control of
female sexuality.

AIDS has provoked panic, stigmatization and scapefinding in the same way as other
plagues of historical dimension, but in many walys different. It is caused by a persistent
infection and has a silent period of many yearsvbeh infection to the onset of serious
symptoms. HIV is integrated into the very genomethd cells it attacks. Therefore, in
contrast to other major epidemics, the AIDS epidehas no rapid rise, obvious peak or
rapid decline. It targets people in productive agé®ng young adults, which have serious
economic, political, demographic consequences. 10i0% fatal without life-long treatment
with antiretroviral drugs. It is sexually transredt and such infections are renowned for
being difficult to control, even when treatmentigilable. It is also transmitted vertically,
from mother to child. The subject of AIDS is emaoiadly and politically charged, and denial

has frequently prevented rational countermeasures.

9.1.7 Prevention and Control

The only realistic way to combat the spread of 0 AIDS is to prevent infections with
HIV occurring. In other words, limit transmissiohtbe virus. AIDS prevention and control

measures include:

1. Informing the general public about HIV transnossand explaining those behaviours that

place individuals at risk of infection

1. Counseling HIV infected persons
2. Ensuring the safety of blood and blood products
3. Taking action to reduce HIV transmission amongavdénous users, and

4. Preventing transmission from mother to child.
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The best way to avoid sexual transmissioahistinencerom sex. If abstinence is out of the
guestion, the next best method is having only amefected sexual partner (ideally for life)
and the use of latex barriers, e.g. condom. Togmethe spread of HIV, as well as other
diseases, including hepatitis, needles should neeeshared. At the beginning of the HIV
epidemic, many individuals acquired HIV infectiaonr blood transfusionsr blood products,
such as those used for haemophiliacs. Currentiyetier, because blood is tested for both
antibodies to HIV and the actual virus before tfasi®n is done, the risk of acquiring HIV

from a blood transfusion Emall.

There is little evidence that HIV can be transférby casual exposure, as might occur in a
household setting. For example, unless there aa spres or blood in the mouth, kissing is
generally considered not to beisk factor for transmitting HIV. This is because saliva, in
contrast to genital secretions, has been showrontaim very little HIV. Still, theoretical
risks are associated with the sharing of toothlessind shaving razors because they can
cause bleeding, and blood can contain large amafnk$lV. Consequently, these items
should not be shared with infected people. Sinyilawithout sexual exposure or direct

contact with blood, there is little if any risk BV contagion in the workplace or classroom.

9.1.8 Conclusion

AIDS has become one of the great scourges facintkim@, and much effort is placed in
public education to control it. So far, little haleeen achieved by way of development of
curative treatment. With alarming reports of insiag incidence of AIDS and despite the
increasing data being obtained on the syndromekmarcan win against AIDS only if

effective control measures are found.

Self Assessment Questions

1. What is the difference between HIV and AIDS?
2. What are the stages of HIV/AIDS infection?

Tutor Marked Assignment No.2
Answer the following questions by selecting eittrae or false:
1. The three stages of HIV infection are initial, ahim asymptomatic, and

symptomatic infection (True or False).
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10.

HIV is a fast progressive disease, and it is spbyaair (True or False).
There are two types of HIV infection; HIV-1 and HR/(True or False).

Anti-malarial therapy is given to people infectedhwHIV to halt or delay the
progress of HIV infection (True or False).

HIV is a retrovirus that uses DNA as genetic megsefiTrue or False).

Transfusion of infected blood is of the non-primangdes of HIV transmission
(True or False).

A person is said to be infected with HIV if it isted to have increased in CD4 ot
T-cells (True or False).

HIV is transmitted by mosquitoes (True or False).

There is strong evidence that HIV can be transfietheough genital secretions
(True or False).

The commonest test done to diagnose HIV is kn@snEnzyme Linked
Immunosorbent Assay (ELISA) (True or False).
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Glossary
AIDS stands for acquired immunodeficiency syndrome.
Biomass waste plant materials (e.g. wood) or animal wésitg. animal dung)

Chemical energy stored energy (e.g. food and battery) which &ease through chemical
reaction

DDT

Electrical energy- energy produced by movement of charged pastidey. electric current
and static electricity.

Deoxyribonucleic Acid (DNA), genetic material of all cellular organisms and mosises.
DNA carries the information needed to dirgebtein synthesisndreplication Protein
synthesis is the production of the proteins nedxethe cell or virus for its activities and
development. Replication is the process by whichADfdpies itself for each descendant
cell or virus, passing on the information neededofotein synthesis

Fossil fuels transformed organic materials which were buriedarground over long time
Geothermal energy heat from the sub-surface of the earth

Hydropower- power generated from falling waters

HIV is short for human immunodeficiency virtise virus that causes AIDS.

Mechanical energy these are of two different: kinetic energy acegdiby motion of body
and potential by virtue of position of body.

Nuclear energy energy produced from the bombardment of nucleaterals like uranium
and deuterium.

Light energy-from electron transition in atoms

Ribonucleic Acid (RNA), genetic material of certain viruses (RNA virusesjl,ain cellular
organisms, the molecule that directs the middlpssté protein production)

Solar energy-energy from the sun
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