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1.0 Introduction _ _
| believe you readthe course guide? If $b, means younow havea general

understanding of what this unit is about and hofitstinto the course as a whole.

The unit will make you aware of the various defonts of science, branches of
science, aims of science and the differenbetween science and non-science
disciplines. It is also important to you becauseiit help you to understand the
subsequent units. The objectives below specifgtwbu are expected to learn

after going through this unit.

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

1. Outline the three ways of defining science.
2. ldentify carefully the areas of knowledge whaualify to be science.
3. State briefly the purpose of science.

3.1 Definitions of Science _ o _ _
What comes to your mind when the word ‘science’mentioned? Is it chemistry,

physics, biology or mathematics? The word ‘sciénge derived from the Latin

word, ‘scientia’ which means ‘Knowledge’ (Eneh:0®). On the simplest level,

science has been defined as the knowledfje tlee world of nature (The New
Encyclopaedia Britannica:1995). The above defimtimwever does not exhaust

the full meaning of science. So it isffidult to define it. However, science
generally is regarded in three main ways as (Nwi87):

1. A body of knowledge.

2. A method for acquiring knowledge or studying amderstanding the world.

3. An institution.

Science as a body of knowledge



What does the word ‘body’ tell you? The bodiekmdwledge generally regarded as
science include, chemistry, biology, physics, mathics, microbiology, pharmacy
and medicine. These bodies of knowledge diffeomf other forms of knowledge

such as religion and art in both contemd aform. You will study about these

differences in a subsequent section.

Science as a method for acquiring knowledge
Science has well-known procedures for obtainingvkedge. The two branches of
science, which are empirical and formal sciences,what is called the scientific

method. The 2 steps of that method cludge observation, probler

bgfinttiesjs formulation, experimentation, dosion and theory formulation.

Formal science utilises concepts, rulesxd atheories, ah expresses them

guantitative and statistical manner. You will ursland the meanings of empirical,
concepts, rules and theories in the subsequetibeeand units. Anybody that uses
the scientific method or the method of formal scies to obtain knowledge is said
to be involved in science.

Science as an ingtitution

Science can be viewed as an institution which cesapmillions of experts. These
experts engage in the study and development of ahlknowledge. The experts or
scientists can be found in various research andagbnal institutions, industries,
hospitals, companies, etc. The cooperation andactien among them make the
development of science possible and reliable.

Exercise 1.1 (Answers on page 7)
Fill in the blanks by choosing the correct wordpbrase:

1. List the three main ways in which science iswad.
(B)- =mmmm e e
() R
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2. Formal science utilises (a) ----------------——--------- (b) e
-—and (C) -------m-mmmmmmmmemmemeeee tagain knowledge of nature.

3.2 Branches of science
In the last section you learnt the various megsinof the word ‘science’. In this
section, you will be exposed to the two ways a@luging scientific disciplines or
bodies of knowledge. This will enable uyo to identify, any time, the
khowledge which qualify to be called science.

The first way is to group the scientific disciplgiato:
1. Formal sciences
2. Empirical sciences

arec



Formal sciences include mathematics (whidomprise geometry, algebra,
trigonometry, arithmetic), logic, theoretical physiand statistics. Formal sciences
have a formal and deductive character. Sciencagdsts be formal if its contents,
arguments and procedures obey certain rulesréldudt and conclusions of such
sciences are valid and authentic only if they confto those rules (Nwala: 1997).

For example, in mathematics there aralesr of addition, subtraction,
multiplication and division. There are also rulésr solving certain equations and
problems, theorems, etc. Let's take forinstartbat you are given the following
problems to solve:

3/40f(5/6 +1/4)|7/3x4+1/2-3

How would you go about it? The rule says that ‘kedcis solved first, followed by
‘of ’, then division, multiplication, adddn and subtraction in that order. Th
mnemonic device for remembering this rule is BODM&lgere:

B stands for bracket. The symbol is ()

O stands for of. The symbol is still ‘of’

D stands for division. The symbol is /

M stands for multiplication. The symbol is X’
A stands for addition. The symbol is +

S stands for subtraction. The symbol is —

The result and conclusion of the problem abovkbeivalid and a authentic
only if the rule of BODMAS is follomdle Thus a body of forme
systaoticiand deductive in character.

Empirical sciences, on the other hand, lughe physics, chemistry, biology,
psychology, botany, zoology, biochemistr ymicrobiology, geology, medical
sciences, etc. These study objects and phenoma@nh van be observed through
any of the senses and which can be tested wittumsints such as the telescope,
microscope, ruler, tapes and scales. bther words, anything that canr
bbserved with the senses of sight, touch, heataste and smell or with instruments
such as ruler, telescope, etc. is outside sci€bae.you think of examples of sense
perception and non-sense perception objects? Seeseeption objects, which are
the subject of empirical sciences, include the hubwdy, bodies of other animals
such as goats, cows and dogs; as wellnatral objects such as the weath
diseases, plants and insects. These can be velseith the senses or measured
with instruments because they are material thiRgs. instance, we can see a cow
walking on the road, perceive the odour of ftggings, touch its hairy body or
taste its flesh (Nwabuisi).

Thus, empirical scientists observe and expammin order to find out how
things originate, grow or develop, function andtelto each other. They also try to
find out the Ilaws which govern theibehaviour. They are interested
tegularities or laws, which enable them nderstand or explain the objects or



phenomena under study. The knowledge derive empirical sciences includes
inductive generalisations, laws and theories. Ydustudy about these concepts in
units 2 to 4. The concepts are formulated in cjedelfined statements, propositions
or in statistical equations or formulae. Objegksch cannot be perceived by the
senses include values such as the goodness medsadf a thing, rightness, virtue,
beauty, holiness and truth. If the following staent is made, ‘Ada is a good girl’,
do you think you can observe ‘goodness’ with yosenses or measure it with an
instrument? Itis not possible, and so the stfdgoodness’ is outside empir ical
science.
The second way of grouping scientific disciplimes according to the class of
objects or phenomena they deal with (Nwala: 198@j).example,
1. Natural sciences deal with all natural objedisder it are sub-branches such as:
(&) Physical sciences, which include disciplinks physics, chemistry,
geology, applied mathematics, astronomy, etc. THeakwith physical
and inanimate objects such as rocks, rivers, anchtams.
(b) Biological sciences. Disciplines under it imbéubiology, zoology, botany,
microbiology. These deal with living bodies sucthasan beings,
animals, insects and plants.
(c) Medical sciences. They include general medicamatomy, surgery,
physiology, and veterinary medicine. These disogdideal with objects
and problems that affect human and animal health.
(d) Pharmaceutical sciences, which include pharotazse pharmaceutical
chemistry, pharmacognosy and pharmacology. Thesgtines are
concerned with drugs and drug contents of plandsodimer objects.

2. Social sciences. Disciplines under it are
(@) Economics
(b) Social psychology
(c) Geography
(d) Sociology and anthropology
(e) Social philosophy, etc.

These deal with society and social institutions.

In spite of all these classifications of sciertbere is a point that is worth
noting. The differences between the disciplinesnateabsolute (Taylor: 1979). The
disciplines began to be systematically arrangdateriate nineteenth century so as
to avoid inconsistency and overlap. You will undansl this point clearer when you
study units 5 to 8. The differences between tisciplines arise as differences of
viewpoint between the scientists. In other wotlds, significant thing is not that
chemistry differs from physics, but that the cheimigiew of the world differs from
that of the physicist. It is good that you accaptlisciplines as part of life and of
living and of our curiosity about the world arml us. But to be realistic, most
university departments or programmes and prajaasbodies are based on well-
defined and separated subjects. Presently, howswere integration of the sciences
is making a comeback. For instance, we now fialds of study such as physical
chemistry, biochemistry and biophysics.



The figure below illustrates a theme approadhntegration of science and

other subjects in the Israeli curriculuniD’Ambrosio: 1979).

The theme

phenomenon under study is ‘light and shadow'. fitnere shows how the theme

‘light and shadow’ is viewed or studied bgdplines suchas art,

botany.
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Exercise 1.2 (Answers on page 7)
A. Multiple choice

Encircle the letter of the correct alternative:
1. An example of a formal science is

(@) Medicine.

(b) Economics.

(c) Biology.

(d) Mathematics.

2. Objects which can be perceived by the sensasgdierc

physics and

0



(@) Human body.
(b) Goats

(b) Weather

(d) All of the above

B. Matching

3. Maitch the items in ‘A’ with those in ‘B’ byiling in the correct letter in the
space provided.

A B

Virtue a. Deductive science
Physiology b. Measuring instrument

Scales c. Empirical science

Biochemistry d. Mathematical rule
BODMAS e. Non-sense perception object
Geometry f. Medical science

3.3 Aims of science

3.4

The last section described the two ways of gnmuggcientific disciplines. Before
examining the steps involved in the process ofaioing knowledge, let us turn to
the aims or purposes of science.

Why do you think people involve themselves in stfenactivities? Right from
the dawn of history, man has tried tmdestand himself and the natu
gwgrounds him. He has seen the world around hinghwdvidently has remained the
same world, and yet is full of change, motion ahdvariety. There are dawns and
sunsets, births and deaths, the solid eamid the ever-restless seas. There are
various kinds of things in the world — minerali@mnis, and men. Thus, we can say
that science aims at enabling man to explaow the world, events and objects
around him originate, develop, operate or functlbalso helps him to predict how
they will behave in future and thus enables him control the behaviour of the
things around him, once he is able to develop pipeapriate instruments for such
control (Nwala: 1997).

Thus, science is theoretical. It equips us witlotegcal knowledge about the
world. Such knowledge is usually summar ised usmigcepts, laws and theories.
These help us to express and systegnatieur understanding of objec
phdnomena. Science also equips us with practieavladge in terms of the various
ways, mechanisms and instruments whichablen us to control objects an
phenomena. Science is, therefore, not only a safrkeowledge; it is also a source
of power.

Differences between science and non-sciencscgplines _
You may be able to identify areas of non-scienceydu have understood sections

3.1 and 3.2. Why do you think they are called noerge? Among those things



called nonscience are religion, art, metaphysidgdach of philosophy), mysticism,
common sense, imagination, etc.

Religion, for instance, is concerned with worshiiph@ supernatural; science is
concerned with nature and natural phenomena amdtsbjn particular, religion is
speculative. It is based on faith or gma. The basic religious beliefs &
goestionable. In the field of study called ratiomdigion or theology, the aim is to
make religious beliefs reasonable without refgcthem. In other words, theology
tries to confirm religious beliefs (Nwala: 1997).

Religion relies on the principle that the univeisgoverned by spiritual laws.

All the other non-sciences exhibit some of thesebutes. Thus non-sciences are

said to be subjective, unverifiable, non-factual, objective, not systematic and not
guantifiable (that IS measurable). Theirstudy is often a matter of
gwedewwgrkial and error. Consequently, knowledggesed on them does not enable

us to explain, predict and control phenomena eéwthy scientific knowledge can

(Nwala: 1997).

Science, on the other hand, is not dogmatic.based on reason and does not
accept any idea or belief on faith. It subjectsrgthing under its study to critical
examination. It does not accept anything as saamddunquestionable. It relies on
the principle that the wuniverse is goeel by material law which me
peechanical, electrical, chemical, biological, etc.

Science seeks knowledge that is objectivertam, systematic, provable and
supported by edence. This is done through a systematmethod of
olegéryation, formulation of hypothesis, @xmentation, organised theory
construction, etc. It further overcomes the liniitas of the senses through the use
of instruments, diagrams, equations and formal ysniNwala: 1997).

However, some have argued that sciencdfersli from non-science only ir
degree. It is pointed out, for example, that canreense has a certain scientific
character. It recognises certain basic laws nature and acts on their basis. For
example, traditional agriculture, which ivased mainly on common sense
experience, recognises the laws governing soilifgriOn the other hand, science
involves a certain degree of speculation and im&tgin especially at the level of
formulating hypotheses (Nwala: 1997). You willabger this when you study the
next unit, which is unit 2.

In  general, science is said to be objecti systematic, reliable, etc. Bein
objective means that all those who adopt the sastbad or procedure can prove or
verify the claims or statements, which the body sfientific knowledge contains.

Being systematic means that all the iows elements in a body
kowtiitge are locally related and each can berigdeirom the other. For instance,

go to the library, and get hold of any scienceltegk. If you turn to the table of

contents, you will observe that topics argarged sequentially. Basic topics in
biology such as ‘the cell — its structure and fimes’ are discussed before topics

like the structure of the kidney, liver, brain, .€fbese latter organs are made up of

cells. So you need to understand what the cell before you can understand the
structure of the kidney or the liver. Sciencengaieliable means that it can enable

us to adequately and correctly explain, ptedamd control any phenomenon in



guestion. Thus science differs from non-sciernoemethod and in the systematic
character of its knowledge.
After all's said and done, the next unit wihow us that science has some
limitations. And these limitations are definedthg very method science uses to
obtain knowledge — that is the scientific method.

Exercise 1.3 (Answers on page 7)
1. Non-science disciplines include (a) -----------------mmmmmmmmem- (b)

2. List three characteristics of non-science disugs.

4.0 Conclusion o _ _
In this unit, you have learnt what the nature (teatharacteristics) of science is.

The definitions, branches, and aims of science wms@issed. The final discussion
was on 7 the differences between science andaence disciplines. From these
discussions you would now be able to tell whicltigiknes qualify to be sciences
and what the overall purposes of sciences are.

5.0 Summary _ S o
A summary of the major points in this Unit is that:

1. Science was defined in terms of
(a) a body of knowledge;
(b) a method for acquiring knowledge, and
(c) an institution.

2. Science disciplines can be grouped in two maays, Viz:
(@) Formal sciences such as mathematics g} Bnd empirical sciences
comprising physics, chemistry, biology, psychologtg.
(b) Natural sciences and social sciences, accotditige class of objects or
phenomena they deal with. Natural sciencesl wigh natural objects
while social sciences deal with society and saogtitutions.
Sub-branches of natural sciences are physicahees such as physics
and
chemistry; biological sciences such agology, and microbiology;
medical sciences like anatomy and surgery, dindlly pharmaceutical
sciences such as pharmaceutics and phaloggc Social science
disciplines include economics and geography.

3. The purpose of science is to enable human semgxplain, predict and to
control nature.

4. Non-science disciplines are sam lie subjective, unverifiable, non-
factual, not systematic and not quantifiable.

Answersto the exercises
Exercise 1.1
1. Science is viewed as



(a) a body of knowledge

(b) a method for acquiring knowledge

(c) an institution

2. (a) concepts, (b) rules, (c) theories

Exercise 1.2
1.(d)2.(d) 3.e,f,b,c,da

Exercise 1.3
1 (a) Religion, (b) Metaphysics, (c) Art
2. Non-science disciplines are subjective, unwani®, non-factual, etc.

6.0 Tutor-marked assignment (TMA)
1. With examples, differentiate between formal antpirical sciences.

2. What do you consider to be the aims of sciedasfify your decision as
fully as you can.
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1.0 Introduction o _
In the last Unit, science was defined in¢hrenain ways as: (a) a body of

knowledge, (b) a method for acquiring knowledge @) an institution. In this
unit, that method of acquiring scientific knowledgcplled the scientific method
will be discussed in detail. The emphasis will behow it works in real life and
how it has worked in science. This Unit promisebé very exciting because
you will learn the method of effective thinkingwill be of great value to you if
you apply it to solving life problems. Thus aftémdying this unit certain things
will be required of you. They are listed in the edijves below.

2.0 Objectives
At the end of this unit, you should be able to:
1. List sequentially the steps of the scientifiethod.
2. Explain vividly with one example how the methzah be used to solve a

named life problem.

3. Explain briefly with one example how the metltan be used to solve a
hypothetical scientific problem.

4. Assess clearly the use of the steps of creandecritical thinking when
given a hypothetical case story.

3.1 Scientific Method of Acquiring Knowledge

Superficially, science is a collection of ‘fact{body of knowledge) that describe

and

explain the workings of nature. Although thedacts are interesting — even
fascinating — they are not the essence ofnsel Rather, the excitement of
science lies in the intriguing observation anddaeefully designed experiments

that scientists have devised to help us learn atatute. The important thing

here isthe process of science — not just knguhe facts, but appreciating

10
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how scientists discovered (and continue to disgdliese facts. The process is
characterised by a sequence of steps, chwhenable scientists to approac
objective truth as closely as possible (MpoMcCann and McCann: 1974).
Taken singly, most of the steps are commomplgrocedures carried out by
people on a daily basis. Taken togethdiegy amount to one of th
pwserful tools man has devised to know and tdrobnature [‘The nature of

science’ (see ‘References and further reading’)].

The steps of science include the following:

1. Observation
Knowledge comes from noticing resemblances andnmeuces in the events
that happen around us — Wilfred Trotter (Sourcevéidge: 1970)

Observation is the first step of the scientific hoet. Thus anything that cannot
be observed cannot be investigated by science. &@ample, a young student
observes that maize grains, which were placedwegcontainer inside a dark
cupboard, germinated, but that the leaves wereygdlew instead of the normal
green colour of leaves (Olorode and Kloh: 2000)e8tific observation can be
both direct and indirect. Direct observations aeglewith the aid of the senses
just as our hypothetical student observed the ngrams with his eyes. Indirect
observations are performed with the aid afstruments. Atomic nuclei and
magnetism, for example, cannot be perceived dydatbugh our sense organs,
but their effects can be observed with instrusmeWhat other things do you
think can be observed indirectly?
Observations can also be classified into:
1. Spontaneous or passive observations which angpexted
2. Induced or active observations, whicare deliberately looked out ft
(Beveridge, 1970).
Effective spontaneous observation involves firstiyicing some object or event.
The thing noticed will only have meaning if theind of the observer either
consciously or unconsciously relates it some relevant knowledge or past
experience. It can also be important if the obserin the process of thinking
over it arrives at some hypothesis.
From our hypothetical example, the student nottbatlthe pale yellow colour
of the leaves of the maize grains was differemifthe normal green colour of
maize grains. He thus related what he observédhis previous knowledge.
Powers of observation can be developed by cuitigahe habit of watching
things with an active enquiring mind. It is nexaggeration to say that well
developed habits of observation are more mnapb in scientific research or
even in daily living than a large accumulation chdemic learning (Beveridge:
1970).

Correct observation is a most difficulart acquired only after long
experience and many errors. The difficulty slielargely in unsuspected bias.
People forever see what they want to see or wiegtttiink they ought to see. It
is extremely hard to rid oneself of such uncanst prejudice and to see just



what is actually there, no more and no less. Thike reason why a scientific
observation must be repeatable. Science doesket &y observation at face
value. Several scientists must be able to repaabbservation independently
and report the same thing for that observatidmetof value to science (‘The
nature of science’).

After an observation has been made, the secopaétie scientific method
is to define the problem.

2. Problem definition

In this step, questions are asked abdwe tobservation. If our hypothetical
student in

(1) above shows further curiosity, he will deciddihd out why those seedlings

had pale yellow leaves instead of green. Thisaesd#finition of the problem. He

asks himself, ‘Why are the leaves pale yellow iadtef green?’ This is the kind

of causal question that the scientific thod deals with. Science s
fundamentally about finding answers to questions.

Significantly, not everyone sees that rehe may  actually be
conmedtieainwith an observation. For thousands years, even curious people
simply took it for granted that any unsupportedeabihat is thrown up in the air
must fall to the ground. It took a genius (lsaawitbn) to ask, ‘How come?

(‘The nature of science’), and few questiohave ever contributed more to
science as this. Good questioning, like good olisgris a high art. To be of

value to science, a question must be relevanttandst be testable. Experience

helps in deciding if a question is relevant oot. 7o find answers to scientific
guestions, scientists use past experiences, ithebstservations.

Exercise 2.1
1. Observation can be classified into (a) or
passive observation, and (b) or active

observation. 2. To be of value to esce, a question must be (a)
or (b) :
3. Hypothesis formulation
This is the third step of the scientific method. Yom know that this involves the
seemingly quite unscientific procedure gb@iessing? One guesses what ti
answer to the question might be. Sgent call this assumed answ
hypothesis. A given question, as you might beraywaay have thousands of
possible answers but only one right answer. Tthese are excellent chances
that a random guess will be wrong. The scientifitamly know if his guess was
correct after he must have completed the fougp sf the scientific method,
which is experimentation (‘The nature of sce). The main function of a
hypothesis is to predict new experiments or neveniaions.
Thus our hypothetical student in (2) above willtinystate all the possible
explanations of his observation, or all the pdsssblutions to the problem he
defined. One possible explanation he might givibas the pale yellow colour
referred to is the characteristic of theartipular variety of maize that wz
germinating in the dark cupboard. Another explamatie might give is that the
pale yellow colouration resulted from the exclusidhight.

12
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As we said before, all the hypotheses relatingpooaalem cannot be valid,
and the only wayto decide which hypothesss vialid is to test eachof the
hypotheses. If  experimentation shows thahe first guess was wron
gogentist then must formulate a new hypothesisaro@ more test for validity
by performing new experiments. Clearly, the guagsaind guess testing might
go on for years and a right answer might neveiobed.
Obviously, much faster progress would be madehé number of hypotheses
were few. The amount of previous knowledge experience a scientist has
enables him to achieve this. This showsis the impor tance ¢
krevidedge for scientific progress and the trudgial character of knowledge
(Olorode and Kloh: 2000).
If you may recall from section 3.4 of unit 1igtwhile hypothesising that
common sense, intuitions and lucky accidentdp bcience enormously. The
story has it that in one famous case, the Germamih, Kekulé went to bed
one night after a fairly alcoholic party (OlorodedaKloh: 2000). In his sleep, he
dreamt of six monkeys chasing one another in degitice tail of one held in the
teeth of the other. Practically, our wholerdieal industryis based on that
dream because it told the sleeping scientist wieastructure of benzene was.
Scientists at that time had been trying torggout the structure of benzene.
Kekulé then concluded that benzene has six cartmonsachasing’ one another
in a circle, and that’s exactly the present stmetf benzene. And it is good to
know that benzene is the fundamental reqga substance for  thousan
ohemical products.
Since it is the function of every experiment td tee validity of a scientific
guess, the fourth step of the scientific methoekigerimentation.

4. Experimentation

You might be aware by now that answewithout evidence are real
unsupported opinions. Experimentation can provigenecessary evidence and

anyone who experiments after guessing at ansveexnes truly ‘scientific’ in

his approach.

Experimentation is by far the hardest part of ttierdific method. There are
no rules to follow; each experiment is a case its&df. Technically, knowledge
and experience usually help. Making a correct datisn the means by which a
hypothesis might best be tested shows the differbetween a genius and an
amateur (‘The nature of science’).

Can you think of how the young student in our hjetical example would
gather evidence in order to refute or confirm hipdtheses? Let us examine the
two hypotheses regarding the young man’s observatipale yellowing leaves
of maize seedlings. The first hypothesis to explae observation was that the
yellowing was due to the variety of maize germimgtiA simple way to test that
hypothesis is to collect various varieties of majag them in the dark cupboard
and observe the results. All the varieties bdlfound to have produced the
same pale yellow leaves. The other hypothesis,wdti@tes that the exclusion of
light produced the pale yellow leaves effect, almo be easily tested. This is
done by germinating a batch of seeds in the dadkaaother batch in a well-lit



condition. The well-lit condition serves as the ttoh It provides a standard of
reference for assessing the results of the exgeetal series. It would be found
that the seedlings inthe dark would be paldlowe while those in a well-lit
condition would have the normal green colour (Oltlrand Kloh: 2000). What
do you think gives the green colour in plants?

Exercise 2.2

1. The main function of a hypothesis is to pre(agt or (b)
2. The German chemist called discoveiesl structure
of benzene.

3. A scientific approach to explain various aspetthe natural world includes
all of the following except

(& hypothesis.

(b) testing.

(c) faith and simple consensus.

(d) systematic observation.
The next step after experimentation is the conctusi

5. Conclusion
We shall again illustrate this step with our hymtital example above. The test
of the first hypothesis leads us to reject thatpothesis while our testof the
second hypothesis leads us to accept the sechach&ive) hypothesis. Thus
our respective conclusions are: (1) Yellowing tife leaves was not due to the
variety of maize germinating. (2) Exclusion of ligfaused the yellowing of the
leaves. Scientific conclusions can be redefinedjifieal and clarified when the
situation arises. Some other conclusions may beavverthrown and discarded.
For instance, the young man who observed th&e yadlow leaves of maize
seedlings may want to find out if the same resilltbve obtained with seedlings
of other plants. He may also observe thatimarge maize farm, some rare
seedlings which lack green pigments completely, mxast. This will lead him
to modify his original conclusion. He may add ttwdher factors besides lack of
light may cause yellowing of leaves'.

The final step of the scientific method is theasynfiulation.

6. Theory formulation
What is a theory? Would you be able to attemptreswar? If you cannot, here
is the definition: A scientific theory is an expltion about the cause or causes
of a broad range of related phenomena. It diffemmfa scientific hypothesis in
its breadth of application (Starr and Taggart: 3992
A theor y is usually proposed when a hypothesisieas supported by really

convincing evidence. This evidence muske bobtainable in many differen

laboratories and by many independent researchers.

Theories are open to tests, revisions, and tertatcceptance or rejection.
As soon as new information is observed in thes®of applying the theory,
such existing or established theory is revised.sThu new theory emerges to
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replace the existing one. This is a guarantee tfoeg development of science and
human knowledge. But you must note that old theat®not become incorrect
but merely become obsolete (‘The nature of scignce’

The figure below illustrates the process of thersiiiic method:

- OBSERVATIONS -

about, an unexplained . -
phetiomencn . ’ [
. -Eaus'.ﬂ% QUESTIONS | spoucrion
=g whit caused the pale . b——a#e | Process | i
; ha'pale . 5 0 devining explonati
.}E]Juw_cc-h:_ur_ofﬂ.'m leaveaf_'J ) Jur observations, 1t ingalvea:mm '
r— 1 creativiny -
. . 2. use of previous exporience
. o 3 nue o related research, etp.
ALTERNATE I .
 HYPOTHESIS - - '
“Tedtative fdpds 10 axplain'a.
bhenomenon - . 0 -

| Hypotheses 1, H2, Hy - ere.| -

. EKFERILmS " : ) DEDITCTLON
Test cnndminn_s. ™ [|.. Prooossof forming
upecific conclusions using
unsutted cxplanotons and

. o p—— . —— 1 experimental deaigms
l‘j’len . .' y . .. I . . - s . o
ﬁm:cmn RESTULT o '
wt ghould happen . - . . C )
(Pha predicted reswt) = . gﬂ%ﬁfﬁiﬁfﬁ:&;ﬁ:ﬁ
5 ' {The obeerved result)
Thersfore ... o -CONCLUSION .
. The hypotheses

supported or contrudictad

Figure 1.2 The provéss of the aclentific m&hud "
(Soarve: Maore ot 6f, 1953)

There is something very important which yoavén to know concerning
figure 1.2. In real life situations, the scientifieethod does not really work as
structured in that figure. In other words, you tdbave to complete one step

before beginning the next one. In practice, you g@pack to an earlier step or
work on several steps simultaneously. But for ytmbe sure that your final

conclusion is right, all steps must be completed.

Exercise 2.3



1. is an explanation about the caose
causes of a broad range of related phenomena.
2. When does a new theory emerge to replace atirexone?

3.2 How it works in real life

We have just gone through the process of thenstic method. How do you
think it can work in real life? Let’s suppose tlyau wake up one night with a
skin rash (observation) (Moore, McCann and Clslcn: 1974). You want to
know what caused this rash (causal question).fi¥siutry to figure out how
this situation is similar to other known situation®erhaps a classmate of yours
had a similar rash that was caused by an allergjyeto
grass at a close by football field. You realisd gfwur rash has appeared after all
the football games that you have played on thét.fiEhe similarity (analogy)
between vyour friend’s allergy and yourash leads to the explanation
(hypothesis) that your rash is caused by an alléogyhe grass, too.
If your hypothesis is correct, you would not exXpecget a rash from other
kinds of grass (prediction). When you play fadktlon several other fields, all
with a different kind of grass than your nearbgtball field (experiment), you
do not get a rash (results). Your results matclptldiction of the grass—allergy
hypothesis from which you decide that your rashdaused by the grass ata
nearby football field (conclusion).
However, if this was your only hypothesis, yowdaot actually identified
the cause. Perhaps your rash was caused byztadjlpesticides, bacteria,
fungi or other agents associated with the gnassoil at one football field
and not another. By testing a single hypothesis,have not ruled out any
of these other possibilities. To do so, you wdcwdge to devise alternative
hypotheses, make predictions from them and oletgderimental results to
compare with the predictions. By this process, ymay be able to reject
some but not all of the alternatives, or you may be able
fojeothesdls, even the grass—allergy hypistheEither way, you make
progress by testing several hypotheses, not juest on
If you can reject all with the exception of thags—allergy hypothesis, you
can more confidently conclude that the grass caysedrash. Furthermore, you
may decide not to play in that particular fieldaagso that you can avoid the
irritating plant (use of new knowledge).
You may agree with me that all of this seems ti&emon sense, which it
is. The use of the scientific method is not regtddo scientists. For example in
1820 at New Jersey, U.S.A. a colonel named Robérisbn used the scientific
method to disprove the belief that tomatoes weisonous (Moore, McCann
and McCann: 1974). He bravely climbed the stepsacity courthouse and ate a
basketful of tomatoes. This action greatly amahed2000 townspeople who
thought that tomatoes were poisonous. His bopeement and its result (his
survival) proved the townspeople wrong.
A principle characteristic of scientific itking is that the sequence
observing, hypothesising, experimenting, concluding interpreting is a cycle,
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with new ideas produced at every step. the curious scientific person, a
conclusion or atheoryis never the final answé&here is always something
more to study, something new to learn. Can youwlol 8 person?

Exercise2.4
Tr y using the scientific method to solve a hyputta life problem.

3.3 How it has worked in science
You have seenin section 3.2 how the scientifiethod works in a real life
situation. In this section, one example wike used to illustrate how a real
scientist made an important discovery lmwsing the method. In hé
(B&osridge: 1970), it was reported that irtaerparts of Great Britain and
Western Australia there used tooccur a neyvalisease of sheep known as
‘swayback’ (observation) . The cause of thissease baffled investigators for
years (causal question). In Western Australia scientist known as H. W.
Bennetts for certain reasons suspected that theeauhe disease might be lead
poisoning (hypothesis formulation). To tegstist hypothesis he treated some
afflicted sheep with ammonium chloride, hiegh is the antidote to lead
(experiment). The first trial with this erhical gave promising results tha
enabled the sheep to recover a little. Howevdrsasguent trials or tests did not
confirm this first result (observation and non-wonation of Hypothesis 1). A
question then arose, ‘Why did the initial treatrn with ammonium chloride
give some relief to the sheep?’ (causal question).

This suggested to Bennetts that the seauof the disease might |
defitiency of some mineral which was presergnmall quantities inthe first
batch of ammonium chloride (Hypothesis 2). Benngtat ahead to find out the
constituents of the ammonium chloride (experimdiaé found out that ‘copper’
was present in the ammonium chloride in small art®as an impurity. When
afflicted sheep were given pure copper mineral teegvered from the disease.
He then concluded that the disease was due taeleficof copper (conclusion
—confirmation of Hypothesis 2). A deficiency of capwas never previously
known to produce disease in any animal. So byguia scientific method,
Bennetts contributed to science the informatiat ¢hdeficiency of copper can
cause disease in an animal.
According to the report, Bennetts stated that &blation of this problem came
in Western Australia from an accidental “lead” @)Ju resulting from the testing
of a false hypothesis’. In other words, by testnfiglse hypothesis, which stated
that ‘the cause of swayback disease was leabpioig’, the true hypothesis
came to limelight and the right answer was foundhk next section, creative
and critical thinking will be discussed briefly. &kthat section very well and if
you are interested in knowing more about the ttiecfollowing reading may
be of assistance to you:
Moore, W. E., H. McCann and J. McCann1974) Creative an
Chitidahg, Houghton Mifflin Co., Boston.

3.4 Creative and Critical thinking



We live in a complex but rapidly changing societywhich we have to make
simple or difficult decisions every minute of dives. Such decisions might be
vital to both our own and other people’s headtitcess and happiness. How
well the decisions turn out to be will pgad in part on the procedur
tifinking we use (Moore, McCann and McCann: 1974).

The importance of the scientific method of thmis richly illustrated by
the history of science. You will learmabout this in units B~ Unitil
gayenteenth century, science progressed quiteyslowthe last three centuries,
procedures of thinking, the scientific methadhich we have just discussed,
evolved. Its use has been responsible to a largaieior the impressive success
of modern science in discovering the secrefs the universe, as well as in
developing solutions to technological peshbs. Many of our most seriou
problems can be lessened or even solved by thecapph of these techniques.

Progress in solving most human problems has latagedehind progress in
science. Most human problems cannot, of courstggkamn to the laboratory to
be worked on, and some aspects of the scientiftbademay not apply to these
problems. However, a large body of evidence corditivat effective methods of
thinking can be of great value in solving everytaynan problems (Moore,
McCann and McCann: 1974).

The procedures of science (the scientifrmethod), which you have ju
learnt, require two distinctly different kinds othinking, creative thinking and
critical thinking. Creative thinking may be definasl the formation of possible
solutons to a  problem or possible emptoons of a  phenomeno
Miitidalg, on the other hand is the testiagd evaluation of these proposed
solutions.

Effective thinking is both creative andcritical. Indeed, both kind
thinking are essential in all areas of human #gtiin diagnosing an illness for
example, a physician first develops possildiagnoses that seem to fit
symptoms. He then evaluates them by further axaimoin of the patient or by
laboratory tests. The final diagnoses noan be right unless the possik
diagnoses include the right one. Even when theilplessiagnoses do include
the right one, the physician may still male mistake by being careless i
criticising them and settling on the wrong one.
If you have understood the scientific method disedsn section 3.1, you would
agree that it is both creative and critical. Owgdige laboratory, however, both
scientists and laypersons tend to be carel@ssut both creative and critical
aspects of thinking. When our feelings are arousedare likely to act first and
think only after it is too late. Thus twreate’ and ‘criticise’ are the twin
watchwords of the effective thinker.

The general process for applying creativand critical thinking tc
prohlgm can be described as a cycle of six ph¥seshave already studied
these phases in section 3.1. This cycle shoulth@dteated as a rigid procedure
in which each phase must be completed before tkieisibegun. In practice,
you may go back to an earlier phase or work onra¢phases at the same time.
But if you are to have any real assurance that yénal decision is sound, all
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phases must be completed. Why don’t you begin mopvdctise using this cycle
(that is, the scientific method)?

You should know that every phase of decision-mgks strongly affected
by the fact that each one of us sees both thedvemrdl ourselves from our own

personal point of view. This can inée&f with objectivity, which s

irepprtant to effective thinking. How effective atlwinking is depends partly on
how objective we are in viewing ourselves and tleldvwithout bias. However,
absolute objectivity is impossible because we oesthe world only through
the lens of our own point of view.

You should keep in mind two essential things fgeotivity. The first is to
concentrate on the pursuit of truth in all theljpeons you take up, no matter
how unpleasant or threatening it may be. Seidias a system of punishing
failures of objectivity, but in human setting,uymust develop your own sense
of discipline. The second element in objectivéyo be open to your feelings.
Exclude them when they are not relevant and incthde when they are, and
you must be able to discern the difference.

It should now be clear to you that perfection imking cannot be attained.

Effectiveness is the important thing. Also aatisfactory solution to every

problem is too much to expect. The person who @ggecsolve every problem

and make the right decisions every time is unsgaliEffective thinking, like

laying a musical instrument, requires fpcac This is important both
understanding the techniques fully and for vellgping skill in applying
them. What stops you from practicing now?

4.0 CONCLUSION
This unit has introduced you to the scientific noet of acquiring knowledge.
You must have also learnt how it can be appliesbtee real life problems and
scientific problems. Thus the method is usefulverg human being, whether a
scientist or a non-scientist.

5.0 Sum mary
The main points in this unit are:
1. The steps of the scientific method are:

for

(@) Observation. It can be direct andirect, spontaneous or induced.

Scientific observation must be repeatable.

(b) Problem definition. This involves question iagkabout the observation
made. Scientific questions must be relevant artdlibs

(c) Hypothesis formulation. It involves guessorg proposing answers to the
guestions posed.

(d) Experimentation. Answers without evidencewarsupported opinions.
Thus experimentation provides the necessary ev@@nw accepting or
rejecting the proposed answer.

(e) Conclusion. It can be redefined, diied and clarified when
situation arises.

() Theory formulation. This will be the main tapof discussion in the next
unit.

the



2. The scientific methodis both creative awcdtical. Thus it can be
used to develop effective thinking, which is yerecessary
for solving both scientific and real life problem

Answersto exercises

Exercise 2.1

1 (a) spontaneous (b)induced
2 (a) relevant (b) testable

Exercise 2.2

1 (a) new experiments (b) new observations
2. Kekulé

3. (c)

Exercise 2.3

1. A scientific theory

2. A new theoryreplaces an old one when neformationis observed
while applying the old one.

6.0 Tutor-marked assignment o
1. List sequentially the steps of the scientificinogl.

2. Discuss briefly what each step involves.

7.0 References and f urther reading

Beveridge, W.I. B. (1970) The Art of Sdifn Investigation, Heinemann
Educational Books Ltd, London.
Moore, R., W. D. Clark, K. R. Stern and D. Vodop{d®95) Botany,
Wm. C. Brown Publishers, Dubuque.
Moore, W. E., H. McCann and J. McCann @)97Creative and Critical
Thinking, Houghton Mifflin Co., Boston.
Olorode, O. and H. C. Kloh (2000) Variety dforms inthe Plant Kingdom,
Bolakay Colour Prints and Publishers, lle—Ife.
Starr, C. And R. Taggart (1992) Biology: The Uratyd Diversity of Life
(6th Edition), Wadsworth Publishing Company In@lifornia.
Unidentified author, “The nature of science’.
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1.0 Introduction

In unit 2, the scientific method — a process ofuaggg knowledge about nature —

was discussed. If you will recall, the processsolmes a sequence of steps, which

are: observation, problem definition, hypmsdis formulation, experimentation,
conclusions and theory formulation. The materighis unit will explain to you in

detail what a scientific theory means aatso list some of the basic scientific
theories. Emphasis inthis unit will be on thedries of evolution. This topic is
important because it will expose you to the difféngews people, right from the

beginning of recorded history, have held about hfadbegan and how the great

variety of earth’s organisms came to be. It iseetpd of you that at the end of the

unit, you will have achieved the objectives listedow.

2.0 Objectives

4.

After studying this unit you should be able to:

1. Define clearly a scientific theory.

2. List clearly three characteristics of a safentheory.

3. Identify three events that led to the reviviadliscussion on evolution
Describe briefly evolution by natural seiec.

5. Explain concisely how other fields of inquirgve led to a better
understanding of the mechanism of evolution.

3.1 What is a scientif ic theory?

21

Would you be able to recall the definition giverumit 2? If so, well done! As
was stated in that unit, a scientific theory ig eaplanation about the cause or



causes of a broad range of related phenomena (Stad Taggart: 1992).
Atheory explains how things are relatedr their common properties.
Scientific research (using the scientific noeth leads to the accumulation of
facts about nature. As the facts accumulate, aroegng them into  higher
knowledge becomes imperative. Thisis becauser auinds require a
rationalised, logically consistent body of knowledg help retain and use
information (Beveridge: 1970).
To help inthe organisation,a working hypoibess usually required. Thus,
theories start as hypotheses or tentatif@mulations meant to explain the
phenomenon under investigation. When a tingsis is confirmed through
experimentation, it becomes a theory. Theories vakeus forms, which may
be as diagrams, equations, statistical and propisai formulations.
A theoryis formulated in such a way thatitange of application is
indicated (Nwala: 1997). It says, ‘giversuch and such conditions’, ar
phenomena, which satisfy those conditionse &gubject to the theory under
reference. Let’s take for instance that a new a@allpd ‘Relief tablets’ against
bacterial disease ‘X’ is manuf actur ed in NigdfTde nature of science’ (see p.
29)]. To test the effectiveness of that drug,e¥iign patients of different ages,
sex, eating habits, hereditary backgroundic, are used. Additionally, th
experiment is carried out under specifiedospital conditions with proper
allowance for unspotted errors and with different
doses of the drug. At the end of the experimenttihg might be found to have
an effectiveness of 60% against the bacteridqidfresult is confirmed by many
independent researchers in different localitigbeary may be proposed.
The theory might state that ‘in bacterial digeXs“Relief tablets” are
effective in 60 per cent of the cases’.
This statement is very much broader than the exj@ti on which it is based,
and theories are always like that. The statemenhbagiven any limitations in
terms of who manufactures the drug, where it isufastured, where it can be
used and whom it can be used on. Therefore thanséat implies, for example,
that ‘Relief tablets’, no matter who manutmes it, will be 60% effective
anywhere in the world, under any conditions andlmnsed for both man and
other animals.
You can understand that direct evidence for theeddlchplications does
not exist. But so far as ‘Relief tablets’ isealdy known to work within certain
limits, the theory expresses the belief, theobpbility that it may also work
within certain wider limits.
Every good theory therefore has a predictive vdlygrophesies certain
results. Scientific prophecies always have a damate amount of evidence to
back them up. Additionally, a scientific prophe@ed not say that something
will certainly happen, it only says that somethisigjkely to happen and with a
stated degree of probability. Theories that haeegd to be universally valid
and have a high degree of probability are calleatural laws. You will learn
about these in unit 4. Laws also do not pronouecgmnties.
In  conclusion, theories enable us topla&r, predict and control
phenomena. They also provide us with a new wagalihg at a familiar object
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or phenomenon. The theory of optics, for instapceyides us with a new way
of looking at the phenomenon of light (Nwala9T® Before this theory was
discovered, people thought of light in the fornpafches, shades of colour, etc.
With the theory of optics, people’s way of lookiaglight changed. Light is now
viewed as travelling (propagation) and this gixeam for explaining a wider
range of phenomena than the old way of lookinggat |

Since the advent of modern science in the sixite@md seventeenth centuries
AD, many scientific theories have been proposé@se include the theory of
universal gravitation, the theory of evolution katural selection, atomic theor vy,
genetic theory, relativity theory, quantum theatg,. The theories of evolution
will be discussed in the next section.

Exercise 3.1
Test yourself with the following questions:
1. What is a scientific theory?

2. Theories enable us to (a) , (b)
and (c) phenomena.
3. Examples of scientific theories include (a) , (b)

() and (d)

3.2 Theories of evolution

3.1.1 Evolution before Darwin

Ever since the beginning of recorded history, mas s$peculated on the origin

of life. In ancienttimes, it was generallfieeed that organisms originated
spontaneously from non-living matter. Thus, the@mcEgyptians believed that

rats came from garbage. Renaissance scientists lk@ger than this, but in the
seventeenth and eighteenth centuries AD, it waslelyibelieved that bacteria
(microorganisms discovered in 1676) originatechgmaeously. It was only in
1862 that Louis Pasteur disproved, once and ftbrtha theory of spontaneous
generation (Roberts: 1971).

Have you ever wondered how the earth came fwpalated by a great
variety of organisms? The search for explanati@ssgroved to be challenging.
The answers have been found to point to one dineet+ to evolution, which
means the progressive change of living things tiindime.

The idea of evolution was not originated by Darwithe nineteenth century
as some people think (Raven and Johnson: 1986)e @acient philosophers
observed that organisms ranged from very singplelatively complex ones.
Each group of organisms, according tothemas wcreated by God. Modern
individuals of each group trace their ancestrihwindividual created by God.
The Judeo—Christian culture also promoted suckkitign

Most early scientists believed fully that each kafdrganism with all of its
individual adaptations was created by God. Thaeglistl these organisms, their



structures, and the relationships between themnasyaf learning more about

the creator. In the seventeenth centuy, example, the English scientist—
clergyman, John Ray (1627-1705) clearly declaredhélief that each kind of

animal and plant had remained unchanged from tiaét deas created (Raven

and Johnson: 1986). All these views are collectikelown as the doctrine of

fixed species or creationism. It was vare convincingly challenged befor
Darwin (Moore et al: 1995).

During Darwin’s time, biology was dominateby natural theology. The
natural theologians believed that the vasreti and adaptations of organisms
proved that each species was fashioned by Godgartecular purpose. Besides
they believed that the earth was only a few thodsears old. For them, this
was not long enough for significant evolutionachange. Whatis your own
view? Do you believe in the theory of spontanecersegation or in the doctrine
of fixed species? What are your reasons?

Gradually, some discoveries led to the revival difcussions on evolution.

These include:
1. The discovery of many more kinds of organisméhe first part of the
eighteenth century (Raven and Johnson: 1986).
2. The study of fossils which was begun in tlghtenth century by Georges
Cuvier (Moore et al: 1995). Fossils as uymight be aware are
remains or body impressions of dead organismg litleal in the
past. They are usually found within sedimentagks, which
occur in layers. Cuvier, from his studies, founthat different
layers of the rocks held different kinds of fossilalso the fossils
appeared in chronological order that is the detdpelayer,
the older the fossil it contains. To him, theseesbations seemed to be
boundaries for dramatic change in ancient enviranime
His attempt to explain these changes came to berkas catastrophism
(Starr and Taggart: 1992).

Exercise 3.2
1. The belief that rats originated from ga@dais an example of (a) —
theory, and (b)
people held such a belief.
2. The view that each kind of animal and plantiesmsained unchanged

from the day it was created is knowas ()
— or (b)
3. Examples of proponents of such a viewe (a)
— (b
| hope you have uﬁld)erstood the narration so farukeontinue with the events
that led to the revival of discussions on evolution
1. From 1707-1788, a French biologist named Geekgelis Comte de

Buffon studied many mammals and observeithat all of them
commadrad features. He then suggested that thmmsdd be explained in
terms of their evolution from a common ancestor.
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2.In 1795, a geologist, James Hutton argued Heaearth was older than a
few t housand years (Moore et al: 1995). Higdtlgesis was based on
the fact that he believed that sedimentary rolckse¢ncased fossils were
formed by the gradual accumulation of sedisiemn lakes, rivers and
oceans. Thisideais known as gradualism. Hiplagation indicated that
the earth was millions rather than thousands ofsyefl.

Catastrophists such as Cuvier and ugiests like Hutton and Lyell
(1797-1895) were good geologists (Moore at: 1995). They were
convinced of an ancient earthbut they fouihd difficult to explain the
appearance and disappearance of species in thierézssd. They were all
creationists. Lyell, in particular attributedthe gradual addition of new
species to the earth’s flora and fauna to an urifspecreator.

3. In1809, the year Charles Darwin was bdean Baptiste de Lamarck
(1744— 1829) proposed that all speciescluding human beings were
descended from other species (Moore et 14195; Raven and
Johnson: 1986). He believed that life changedgmssively from the
simple to the more complex. He was the first uradist to present a
unified theory that attempted to explain the changerganisms from one
generation to the next.

Lamarck’s explanations were based on tlileeory of inheritance of
acquired

characteristics, which he propounded. Thheotty states that ‘changes

acquired during an individual's life are brougliiout by environmental

pressure and internal “desires” and thaffspring inherit the desirec
changes’ (Starr and Taggart: 1992).

Have you heard of an animal called giraffe? If yoanswer is yes, do you

know why it has a long neck? Lamasck’ theory explained it a

falippase the ancestor of the modern giraffe wasm-sbhcked animal. Pressed

by the need to find food, this animal constantigtshed its neck to feed on the

leaves on high tree branches. According to Lamatt&tching increased the

length of the neck and this acquired charactengéis passed to its offspring.

These offspring in turn stretched their cksee to reach higher leaves. Th

generations of animals desiring to reach higherde#ed to the modern giraffe.
Using similar reasoning, he also proposed thatifeeand disuse of a feature

governed the fate of that feature in successivergions (Moore et al: 1995).

According to him organs of the body that were use@nsively to cope with the

environment became larger and stronger, whibggans that were not usec

deteriorated.
Presently, scientists know that the mechanisnrbpgsed for changes was

wrong. Acquired characteristics cannot beherited. His theories, however,

stimulated people’s interest in evolution. As auiesf this, the stage was then

set for the acceptance of the much simpler @egien that was developed by

Darwin half a century later (Raven and Johnson9).98
Darwin’'s greatest contribution was the layinof the foundation for an

evolutionary theory by noting that specieshange over time and the

environment is a factor in that change (Starr arsgjgart: 1992).



Exercise 3.3

You should be able to answer the following questjdo test your progress in
studying this material:

1. The observation that distinct layers afocks reveal sequences of —
showing gradual changes in

structure supports the hypothesis that specielvev

2. Match the following individuals and ideas bjirig in the correct letter

in the space provided.

Individuals Ideas

Judeo—Christians  (a) Gradualism
Cuvier (b)AIl  mammals have ommon
features

Lamarck (c) Catastrophism
Buffon (d) Doctrine of fixed species
Hutton (e) Inheritance of acquired tgait

3.2.2 Darwin and modern evolutionary thought

In this section, you will learn about Darwin’s idean evolution. His ideas have

had a great impact on a wide array diuman endeavours than a
ethentific advancement of the past 150 years (Eeabral: 1995). His research

work on evolution provided the first scientific manation for the diversity of

life. His explanation of how evolution workkas attracted more controversy

than most scientific ideas. Thisis becausest haffected not only science but

also philosophy, religion and human attitudes.

Charles Robert Darwin (1809-18882) was an Englaghralist. At the age of

eight, his interest in observing the natural wevkls manifested. At that age, he

was an enthusiastic but haphazard collector dfssh# ten, his interest shifted

to the habits of insects and birds (Stamd Taggart: 1992). At fifteen, he
preferred hunting, fishing and observinthe natural world to doing his

schoolwork. At the university, he could not quete his study of medicine,
because that was not his area of interest. tde Igraduated from Cambridge
University as a clergyman but was still interestedatural history.
Atthe age of 22,one of his professors anBridge University, John

Henslow arranged for him to take part in a trairexgedition led by an eminent
geologist. Henslow had earlier noticed and reggkeDarwin’s real interest in
natural history. He therefore arranged that hefteredl the position of naturalist
in the ship they were about to sail in. Do you krtbat right from the 1770s
naturalists had always been posted on all Britsjages to distant lands? The
aim was to gather more knowledge of natioe add to the store of huma
knowledge (Raven and Johnson: 1989; Starr and Tad@®2).

The ship they boarded was called H.M.S. gbea The main aim of the
voyage was to complete an earlier work ohapping the coastline of South

26



27

America. While on the expedition, Darwin had chanct® study many diverse
forms of life on the islands where they stopperrmountain ranges and along
rivers. He returned to England in 1836, after riydfive years at sea and he
began a long life of study and contemplation.

Exercise 3.4

1. Charles Darwin was born in (a) anddlin
(b) :

2. Atwhat age was he a collector of shells?

3. He graduated from (a) Univiiysas a
(b)

4. Who arranged for him to be a naturalist ab&aM.S. Beagle?

5. (a) Atwhat age did he leave for the voyage?

(b) At what age did he return to England?

Let's continue from where we stopped. Wh®arwin came back to
England, the question that disturbed himvas, ‘What could explain the
remarkable diversity among organisms?’ Luckilyfield observations he had
made during his voyage enabled him later to resagiwo clues that pointed to
the answer (Starr and Taggart: 1992).

First, while the coast of Argentina was being nehphe repeatedly got
off the ship for exploratory trips inland. On sleetrips, he made detailed field
observations and collected fossils. He safer the first time many unusual
species, including an armadillo.

Among the fossils were remains of theow extinct glyptodonts.
Glyptodonts were very large animals thatlosely resembled the living
armadillos. This is shown in figure 1.3.

Arrngalillo lyptadint

Figure 1.3 Reconsomrt oo of a Friledurt
Whrarce: Hnven and Jahnsnk: 19E9)

Darwin became puzzled and started wondering: Ith kinds of animals
had been created at the same time, if they lingtle same part of the world,
and if they were so much alike, then why were alitiees still moving about



while the glyptodonts were long gone and llftarr and Taggart: 1992)7?
Nothing else in the world resembled either anirAthough nobody including
Darwin had ever seen one species evolveo ianother, he later wondered
whether armadillos were descendants of glyptodonts.

Second, he had observed that populations ofaimkinds of organisms
that lived in different geographic regions oftéowed remarkable differences
in some of their traits (that is, characterigti€or instance, Darwin saw giant
land tortoises on the Galapagos Islands which wirde coast of Ecuador. To
his surprise, all the tortoises were not identittakas recorded that even natives
of those islands and the sailors could tell whstdind a particular animal had
come from just by looking at it (Raven and Johnd®89). Darwin reasoned
that perhaps all those species descended fronathe ancestral form and had
become slightly modified after they became isolatedlifferent islands.

Darwin again wondered how such modification couddw. He got a clue
from a book published by Thomas Malthus in 179&: Titke of the book was
‘Essay onthe Armadillo Glyptodont principlesof population’. According to
Malthus, ‘any population tends to outgrow its reses and its members must
compete for whatis available’. This stateménick Darwin and he thought
about all the populations he had observed dunsigdyage. He thought about
how the individual members of those populationsd théferences in body size,
form, colouring and other traits. It then dawnedhan that some traits could
lead to differences in the ability to secure seassources (Starr and Taggart:
1992).

Exercise 3.5
1. Mention two pieces of evidence that suggesidaarwin that evolution
occurs.

2. (a) Who wrote the book called ‘Essay on theqgiples of population’?
(b) In what year was it published?

3. State the main ideas in that essay.

4. How did that idea help Darwin in his study d¢iie process of natural
selection?

As we were discussing, Darwin got a clue ofwhanodifications could
occur from Thomas Malthus’s ‘Essay on the prin@pé population’. With that
clue, Darwin declared that it was natural selegtidhat is nature selecting the
fit" and rejecting the ‘unfit’ that led to moddations in members of a species.
He described the process of natural seleesonfollows (Starr and Taggart:
1992):

If there were struggles for existence (contipa) within a population,
then individuals that possess superior smay, behavioural or other
attributes might have an edge in survivingnd reproducing. In other
words, Nature would select individuals wittadvantageous traits and
eliminate others — and so a populatiooould change. Favoured
individuals would pass on the useful traits offspring, their offspring
would dothe same and so on. Gradually, descémdof the favoured
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individuals would make up mostof the popol® and less favoured
individuals might have no descendants at all.

Darwin published his work in 1859 and it causednamediate sensation.
Many people were very disturbed becausee ttheory implied that human:
probably evolved from apes, monkeys, etc, sincstele similar characteristics.

Surprisingly, in 1858, Darwin received an essayff a young English
naturalist named Alfred Russel Wallace (1823—-19IBg essay was on ‘Theory
of evolution by means of natural selection” Whatoincidence! Both of them
had independently reached the same csiodu about evolution. However,
Darwin was given the credit of propounding the tiydzecause of the amount of
evidence he marshalled out.

Thus, Darwin’s theory of evolution is one of theimanifying themes of
the biological sciences. It provides an explamafay three main sets of facts
about life on earth, which we observe (Rutherfamd Ahlgren: 1988). These
are:

1. The incredible display of different types ofitig things we see about us.

2. The different degrees of likeness among thiadithings. The likeness
could be anatomical or molecular.

3. The fossil record that shows a sequence iRitigs of organisms that

have lived on earth over billions of years.

At the heart of the theory of evolution is the cepicof natural selection. That

means, natural selection is the mechanism thaktsaaievolution.

However, Darwin’s theory still faced a crucial tedtich worried him. It
did not explain the mechanism of heredity — tkahe way desirable traits or
characteristics were transmitted to offspring. Ywlliread about the solution to
this problem in the next section.

Exercise 3.6
1. Two keen observers of nature who outlitiee theory of evolution by
natural selection were
(@) Cuvier and Lamarck.
(b) Darwin and Wallace.
(c) Buffon and Darwin.
(d) Malthus and Lyell.
2. Natural selection may occur when there are
(@) heritable traits.
(b) variations in traits within a population.
(c) adaptive traits.
(d) differences in survival and reproduction amamgmbers of a
population.
(e) all of the above.

3. 2.3 Evolution after Darwin
Before Darwin’'s death in 1882 and everfterahis death, many importanr

discoveries have been made and these have |eletibest understanding of the
mechanism of evolution. These discoveries wereenmadther fields of inquiry



such as paleontology, genetics, biochemistry, ealbgy, geology and ecology.
You will learn about the contributions of the fithtee fields in this section.

Darwin before his death predicted thae thfossil record should yield
intermediate links between the great groups ofjamisms. | believe you know
the great groups of organisms? They are fisheshemaps, reptiles, birds and
mammals. Paleontologists (those who study fossdepfirmed this prediction
two years after Darwin’'s book was publisheldh. 1861, an early bird-reptile
called archaeopteryx was discovered. It resediidptiles and birds. This is
shown in figure 1.4. Like fossils of small two legbreptiles, it had teeth and a
long bony tail. Like modern birds, its body was emd with feathers (Starr and
Taggart: 1992).

A srall twi-egged dinpaays

l'INLh.; 1.':|-|.J.1.:| ﬂrl’.’h.a.l::l}[? ‘L ' - -
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(Source: Stary & Taggarl: 1992) (Sawrce: Raven and Johnoen: 1089)

Discoveries of microscopic fossils by paleontoltgyishave extended back
the known history of life on earth to more than Bilbon years. The discovery
of other fossils has shed light on the wayslich organisms have evolved
from the simple to the complex over the coursetbifs enormous time span. The
evoluton of the major groups of verwks and their relationships
anether have become reasonably well understood #eir bones and teeth are
often seen in the fossil record (Starr and Tagd®£92).

30



Among the most important developments in evohdry biology since
Darwin is the application of genetics toe ththeory of evolution by natural
selection. Genetics is the science of inheritafigsmu would recall from section
3.2.2, Darwin was worried because his theorydoat explain how parents
pass on their characteristics to offspringp the early part of th
teantigth Gregor Mendel's laws of inhergtan were rediscovered. Scientists
found that those laws accounted for the originrdw variations in organisms
and how these variations were passed on from Eatremheir offspring.

Biochemistry is the science that examiné® tchemical processes and
substances that occur in living thingslts techniques are being eds
tonderstand evolution better (Raven and Johns@9)19Vould you know how
thisis done? Samples of the same kind of pr@e2 obtained from different
organisms. Then biochemical tools are dus® determine the sequenc
afmino acids in those protein samples. Individyadgulations, species and even
larger groups have sequences that arbaracteristic of them. \Weh
geggences are compared for, let's say, diferent species, their degree
relationship can be specified precisely.

The following information might interest you veryueh (The Guardian:

2001):

An international team of scientists from Australexeat Britain

and the United States found that humavolution s still
operating according to the forces of natural selaavhich was
first identified by Charles Darwin. The am findings of the
study are that:

1. Natural selection is leading women to havefitise child

earlier in life.

2. This tendency is partly inherited.

3. As a result, evolution is leadingo tan increasing
biological pressure on women to start familiesrliea than

later.

In the study, Roman Catholic women are found taeha20% higher
‘reproductive  fitness’ than women of athereligions. University
educated women, onthe other hand, had 35%erlofitness than
those who left school early. The study, howefarmd that such
cultural influences could not explain aleproductive differences
between women. Dr Owens,a member of theeareh team from
Imperial College, London said that it wasrpsising to find that
genes played almost as much of arole in decitiege issues as
religion or social class. Genes were found to @xphbout 43% of

the differences in age of firstchild withithe female population.
Their nextstep accordingto Dr Owens is ryda discover what
these genes are.

Exercise 3.7



1. Fields of inquiry which have contributed tolzetter understanding of
the mechanism of evolution include:

() (b)
() and (d)

2. An intermediate link between bird-reptiles edl(a)
—— was discovered in the vyear (b)

3. is the science which &ips how
characteristics are passed on from parents toroftsp

4.0 Conclusion o _ _
In this unit you have learnt what a scientific thereally means and its various

characteristics. You have also been introducebtl@warious ideas on evolution
before Darwin proposed his own theory. Itis gtm8e aware that Darwin’s
theory of evolution by natural selection i®ne of the most comprehensive
themes in biology. This is because it laxs how life began and ho
diversified into the organisms of today. If you ltadught that human evolution
had stopped as a result of improvements in dietssing and medicine, you
would have been pleasantly surprised with the médron in section 3.2.3. This
shows that science is never finished. It is a dyoattivity.
5.0 Sum mary
The main points in this unit include the following:
1. A scientific theory is an explanation about these or causes of a broad range
of related phenomena. A theory explains how thargsrelated or their
common properties.

2. Theories take various forms, which may be agrdims, equations, statistical
and prepositional formulations.

3. Atheory is formulated in such a way thar#@sge of application is indicated.

4. Every good theory has a predictive value.

5. Theories enable us to explain, predict androbphenomenon.

6. They also provide us with a new way of lookaitg a familiar object or

phenomena
7. Scientific theories include the theory of umsag gravitation, the theory of

evolution by natural selection, atomic theoryateity theory, quantum

theory, etc.

8. Theories of evolution propounded before Darwclude the theory of
spontaneous generation and the doctrine of fixedisp or creationism.
9. Events that led to the revival of discussiongwolution include:

(&) The discovery of many more kinds of organifyshe first part of
the eighteenth century.

(b) The study of fossils which showed that layadrssedimentary rocks
held different kinds of fossils. The séds also appear in
chronological order —the deeper the layer, thider the fossil it
contains.
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(c) Comte de Buffon’s observationthatall nmaats he studied had
common features.
(d) James Hutton’s hypothesis that sedtarg rocks that encased
fossils were formed by the gradual accumulationsgdiments in
lakes, rivers and oceans — thus indicating thae#réh was millions
rather than thousands of years old.
(e) The proposition of de Lamarck’s theory ofenkance of acquired
characteristics.
10. Some of Darwin’s pieces of evidence thalwion occurs include
the following:
(a) Extinct species, such as the glyptodont®ws in figure 1.3 most
closely resemble the living armadillos in the sarea, suggesting
that one had given rise to the other.
(b) Layers of sedimentary rock held different Idraf fossils and they
appeared in chronological order.
(c) Populations of similar kinds of organs that lived in different
geographic regions often showed noticeable diffegs in some of
their characteristics. For instance, the fgidand tortoises on the
Galapagos Islands were not identical; thus indicgtid Darwin that
all those species might have descended from the sacestral form
but had become slightly modified after théecame isolated on
different islands.
11. Darwin got a clue as to how thosedifications could occur from
Thomas Malthus’s ‘Essay on the principles of popaie.
12. With the aid of those pieces of emmke and the clue from Malthus,
Darwin declared that it was natural selectiont thianature selecting the
fit and rejecting the ‘unfit’ thatled to mdittations in members of a
species. That means that natural selection ismfghanism that leads to
evolution. Thus Darwin’'s theory consistof two major parts (a
gigncept of evolutionary change, and (b) the conogpatural selection.
13. Darwin’s theory, however could not explain hdesirable characteristics
or
modifications were transmitted from parents tspifing.
14. After Darwin’s death, fields of inquirych as paleontology, genetics,
biochemistry, embryology, geology, ecology, etvénproduced results
that have led to a better understanding of the ar@sim of evolution.
15. The field of genetics, particularlythrough the laws of inheritance
proposed by Gregor Mendel, has givenidemce of how desirable
characteristics are transmitted from parents tepoiing.

Answersto the exercises

Exercise 3.1

1. A scientific theory is an explanation about these or causes of a broad
range of related phenomena.

2. (a) explain (b) predict and (c) control



3. (a) Atomic theory (b) Genetic theory (c) Theofyevolution by natural
selection
(d) Theory of universal gravitation, etc.

Exercise 3.2

1. (a) spontaneous generation (b) Egyptian
2. (a) doctrine of fixed species, or (b) creatsomi
3. (a) John Ray (b) Judeo—Christians

Exercise 3.3
1. fossils
2. d,c,e, b, a

Exercise 3.4

1. (a) 1809 (b) 1882

2. atthe age of 8

3. (a) Cambridge University (b) clergyman
4. John Henslow

5. (a) 22 (b) 27

Exercise 3.5
1. (a) Extinct species, such as the glyptodahish most closely resembled
the living armadillos in the same area.
(b) Giant land tortoises on various Galapagos\tdahat were not

identical.
2. (@) Thomas Malthus
(b) 1798

3. ‘Any population tends to outgrow its resouraaes its members must

compete for what is available.’

4. The idea helped Darwin to suggest that thedfit traits such as body size,
form, colouring, etc which he observed in the papahs he studied during
his voyage, could lead to differences in the abilit secure scarce resources.
Darwin then proposed that it was natural selectiloat, is nature selecting the
fit’ and rejecting the ‘unfit’ that led to modifations in members of a species.

Exercise 3.6
1.b
2. e

Exercise 3.7

1. (a) paleontology (b) genetics (c) biochemis(d) geology etc
2. (a) archaeopteryx (b) 1861

3. genetics

6.0 Tutor-marked assignment
1. What is a scientific theory?
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2. List three characteristics of a scientific theor

3. Identify three events that led to the revivatlgitussion on evolution.

4. Outline three of Darwin’s pieces of evidence #halution occurs.

5. Describe briefly evolution by natural selection.

6. How have the fields of paleontologgnd genetics led to a better
understanding of the mechanism of evolution?
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Module 1 Unit 4: Laws of nature

Table of Contents

1.0 Introduction

2.0 Objectives

3.1 What is law of nature?

3.2 Belief in the uniformity of nature
3.3 The law of uniformity of nature
3.4 Law of gravitation

4.0 Conclusion

5.0 Summary

6.0 Tutor-marked assignment

7.0 References and further reading

1.0 Introduction

Perhaps we should begin with some critical thinking hink of the sun
and the moon, how they periodically repeat theiovements. Think about
when you wake up in the morning, you would firsetifmeet the dawn, that
is when night (whichis always dark) is gralijugiving way to daytime
(which is always light). Nighttime is lways associated with some
difficulties such as not seeing clearly the ma&eér things of nature, while
daytime gives us light which enables us to seggwery well. You know
that this is what everyone of us experiences eveng — nighttime giving
way to daytime and daytime leading us into nigigt and vice versa. Do
you know that these events are related to thg ttmdvement’ of the sun?
When the earth turns its face towards the sumréggon of the earth will
have daylight, when it turns its back, the regith have nighttime. And
you know that this is a continuous event which mas observed right from
ancient times.

This daily motion of the sun is simpldo observe while the annue
motions are far more difficult to observe. Bothtions are also related to
other important events that occur on earth sischthe seasons. In Nigeria,
there are both the dry seasons and the rainy seagole in European and
American countries, they have winter, spring, summaed autumn. These
seasons as you know occur regularly, one changtoghe other. Thus there
are many regularities in nature which mankihds had to recognize for
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survival since human beings emerged as a spedieseTinclude births and
deaths, storms and calms, the solid earth andvitrerestless seas, etc. The
pattern and regularity of these changes can beesged as rules or laws.
These laws are called natural laws because theyesineed from the natural
properties of objects and phenomena. This topitie-tdws of nature — is
the topic of discussion for this unit.

You can see that it's going to be an interestinigy linyou study it very
well, it will help you to understand a lot of nedl events. And whenever
such events are being discussed you would notioiae there.

2.0 Objectives
After studying this unit, you should be able to:

1. Outline briefly the components of the laws afure.
2. Explain clearly the term ‘gravitation’.
3. Discuss, vividly, the law of uniformity of natu

3.1 What is law of nature? _
From the introduction, you now have an idea of aithe law of nature

is. Would you be able to define it when asked t@a® The discussion in
this section will help you.

Some people Dbelieve that some regulariti@are figments of humal

imagination. They say that the human mind leapscotxlusions because it

cannot tolerate disorder or chaos. Thus it constmggularities even when

none objectively exists (Encyclopaedia d&rmtica: 1995). These true
regularities must be established by an impartialloremotional examination

of data. Science must, therefore, employ certain degree of dou

eriticism to prevent premature generalisationse®s@e also insists on getting
explanations of the causes of these regularitidsowever, does not permit
some kinds of causes. For instance, attributimgescauses to spiritual and
divine forces is not permissible in science.

Since scientists believe that the world comprehensible, that
understandable because there is order in thielwdinding the causes of
these regularities wouldn’t be problematic. If yean take your mind back
to unit 3, you will remember that ‘an explanatatsout the cause or causes

of a Dbroad range of related phenomena’ veafled a theory. A theory

explains how things are related or their commorpertes.

In other words, when the properties and relatiqushetween things are
discovered, including their pattern and regulanitghanges, they are then
expressed as theories. A good theory, if you carengber from unit 3, has a
predictive value. It prophesies certain resulist &ientific prophecy does
not say that something will certainly happen,
but says only that something is likely t@pan witha stated degree of
probability. Thus theories that have proved todersversally valid or true,
that is, they are true anywhere in the world angetguch a high degree of
probability, are called natural laws. That mearas tiot all theories are laws



and laws also do not pronounce certainties. B asdllis can you give an
example of a natural law?
The idea of a lageverned universe assumes that the g8y
uniferm. Our ability to predict events and applg fandamental laws of the
sciences depends on this law of uniformity. tlikawhy J.S. Mill cited in
Nwala (1997) defined laws of nature as ‘nothing thetuniformities, which
exist among natural phenomena’. Thus, laefs nature refer to, that is,
encompass the following:
1. Those uniformities found in nature (that umiformities in behaviour,
function, relations and properties of things).
2. Established connection of successiveenesv which make up the
order of the universe.
3. Established theories through scientific rede@wala: 1997).
Examples of laws of nature are:
1. Law of the uniformity of nature
2. Law of causation
3. The law of gravitation
4. The law of natural selection

3.2 Belief in the uniformity of nature _ _
There is a general belief that the universe ahasglects of it are law-

governed and that the ordinary events or procaeduné nature are uniform
(Nwala: 1997). This belief is found in primitiaad traditional thought as
well as in modern scientific thought. The birfirchildren, death, growth,
normal and abnormal occurrences, lightning anddburthe seasons, day

and night, etc: these phenomena are usually evqulan terms of general
rules or causal laws. In traditional thought, thieses are believed to have a
spiritual and teleological character. This meduas in traditional thought,
when these events occur, for instance, deathradéionalist believes that it
was the gods who caused the death to occur andhasthe death occurred

for a purpose. Teleology is aview that develepta occur because of the
purpose or design they serve. Therefore, ittoadl people look for the
purpose for the occurrence of any event.

If a tree, for instance, breaks or ‘4ouse suddenly collapse
tradhimnal mind will seek to explain sucA happening in terms of the
purpose, interest and wishes of some spiritugefrThus, the principles,
laws or factors, which the traditional mind usegxgplain the work of nature
is often speculative, that is, meditational inrelaéer. Therefore the laws or
factors may be superstitious and unreliable (NWH&7).

The scientist, however, explains the work of rafo terms of material,
causal and rational factors. That means that tieatsst reasons through and
tries to find the causes by means @ome activity., We cannc
klzmledge of anything unless we are able to shby and how it occurs.

This knowledge is expressed interms of gemetas or laws. Scientific
laws are objective, factual and can be expressgdantifiable (if you like
mathematical) form. They are independent of oujesiive wishes and
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interests.

Therefore according to J.S. Mill cited in Nwala 979, it is the custom
in science, wherever regularity of any kind cartiaced, to call the general
statement which reveals the nature of that reguylariaw.

Science establishes such laws through the stepthefscientific method.
You know that the steps include observation, proldiefinition, hypothesis
formulation, experimentation, conclusion and, fiyjahn appropriate theory
is formulated which embodies the law.

The entire universe is said to show uniform patemnd to form a united
system.

This view is called the law of the uniformitymature. You will learn
more about this in the next section. The studyabfire is the study of these
laws and uniformities, which different natural ppenena show or exhibit.
The regularities, which different phenomena exh#ié sort of connected.
They form something like a web but they can beistlideparately.

Exercise4.1
Check the rate of your understanding of thedgpifar with the following

guestions:
1. Theories that have proved to be so universalliiyl and have such a

high degree of probability are called
2. Two examples of (1) above are (a)

and (b)

3. The laws which the traditional mind use® explain the works of
nature are in character.

4, laws are objective, factual arahcbe

expressed in quantifiable forms.

3.3 The law of uniformity of nature

Men generally believe in the coherence, consistemcycommon pattern in
all phenomena, which can be observed and evemirohservable ones. Do
you think that includes you? This natural sequereglarity and pattern of
behaviour of things is evidence that thase a causal order. Hence, men
believe that every event has a cause, and thanighing that happens there
must be a cause for it. Itis said that like égdrehave alike and also have
similar causes. Belief in the uniformity afature enables us to explain,
predict and reproduce these events, where we canléN1997).

Induction (a type of scientific reasoning wheret$aare produced to
prove general statements), according to sosuoeentists, is based on the
general law of the uniformity of nature. You wildrn more about induction
in a subsequent unit. Since there is orderand aeigyuin the occurrence of
events, if we observe certain characteristicsaéarégain number of members
of aclass, we can assume or conclude that afilmers of that class must
have the same characteristics. For examplaeyéfknow from observation



that all the men we have come across are mort ighthey die), we then
conclude that ‘All men are mortal’. This generdiisa covers all men who
have died, all those who are alive and all those

who will be born in future.

From the point of view of logic (science of asening), the law of the
uniformity of nature claims that nature is a systmmposed of many parts.
Within this system, everything happens accordingute. The law assumes
that the universe does not change and, therdafedaws of the uniformity
of nature governing its behaviour remains congtidntala: 1997).

David Hume cited in Nwala (1997) hasriticised our concept o
causation. He
attributes the use of the idea ‘cause’ to tHatld anticipating one event
after another because they have been associatiee jpast. His view is that
we cannot demonstrate the idea of causation.afswthat the necessary
thing which links two events that are often assted together may not be
there. What is there is the habit of geione following the other and
thereby expecting that this will always be theecdor example, red and
green lights may succeed each other without caukmgther. That is, red
light does not cause the green light to appear vargdversa, but they might
succeed each other, that is, one appearing aéettier.

It is good for you to know that causal notionsdwés are being replaced
by statistical formulations in science.

3.4 The law of gravitation _ . _
In section 3.3 you were introduced to the law dfarmity of nature, which

is one of the natural laws. The next natural yaw will learn is the law of
gravitation. What is gravitation? Gravitation i€ ttorce which pulls every
object in the universe toward every other objeactthe universe (Arkady:
1997). It is the force that makes a body fall tlylogpace towards the earth.
Thus the force exists between all bodies. Fostaimce, two stones are not
only attracted towards the earth but also attrach@ther (Abbot: 1973).
Normally, we do not notice this force becauseitd smallness, although it
can be measured with sensitive instruments.

The law of gravitation first started as a theafy universal gravitation.
The theory was first postulated by Sir Isaac Newfid#2—-1727) an English
mathematician and physicist. He triedto exptae behaviour of falling
objects. Before this theory, mysterious interpietet had been given as the
reason why objects do fall downwards when suspemdsgace. The theory
was the first scientific  explanation ofthe  behaviour of  falling
blgettsn noted that the earth possesses stomee which attracts objects
towards it. This force was recognised as grdweital force. Gravitation is
the attraction between masses. This is what pbjkcts around towards the
surface of the earth. Hence, all objects withmehrth’'s gravitational field
fall towards the earth (Nwala: 1997). Why ndoyou experiment now?
Throw up any object you can lay your hands on &sdvehat happens.
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Since the earth has a centre of gravity, dijeds in the universe are
attracted towards this centre. It was also ntitatlas objects move away
from the earth, the gravitational foraecreases, and their weight al
decreases. If you can remember the definitiontbkary given in section
3.1, you would agree that this theor y of grawtahas turned the fictitious
idea surrounding falling objects to scen It did this by explaining
theoretically and empirically why objects behave way they do.

Albert Einstein’'s theory of relativity, whickas formulated in 1905,
explained the Newtonian theory properly by assgiirat gravitation is a
property of space. The presence of anyipalyssubstance within space
causes it to curve insuch a manner thdiedd of gravitational force is
created (Eneh: 2000). With this clarificatidony Einstein and others, the
theory was elevated to the rank of a law.

Therefore, Newton’s law of universal gravivati states that ‘any two
bodies attract each other with a force directlypprtional to the product of
their masses and inversely proportional to the igjohthe distance between
them’. What this whole statement means that if the mass (amount of
matter) of one of the two attracting lesdiis doubled, the gravitational
attraction will also be doubled, but if their diste apart is doubled the force
will be only one-fourth (1/4) as great (Arkady: 797Newton realized that
gravitational attraction applies not only to bexlon the earth but is also
responsible for holding the moon inits orbmmd the sun. Anditis also
responsible for the movementof the earth atsl fellow planets in their
orbits round the sun.

Exercise 4.2
Test your understanding of the two laws discussed with the following
guestions:
1. (a) (b) and
(©) of ‘things’ is evidence thathere is a
causal order.
2. Every has a cause.
3. The force which pulls every object in the umsestowards every other
object in the universe is called
(a) centripetal force.
(b) centrifugal force.
(b) contact force.
(d) gravitational force.
4. The first scientific explanation of the beioauir of falling bodies was
givenby ——M—

4.0 Conclusion

In this unit, you have learnt what natural laws and how laws differ from

theories.

And you should now be able to give examples of uraiaws. Other topics

discussed here include the law of umity of nature and the Ia\
of



universal gravitation. From these discussions, you know that these laws
relate to events which we encounter everyday ofives.

5.0 Summary
The main points in this unit are

1. Theories that have proved to be so universalligl or true and have
such a high degree of probability are called nataves.

2. In general, law of nature refer to the following
(@) Those uniformities found in natur€behaviour, function,

relations and properties of things).

(b) Established connection of successive eventdich make up the
order of the universe.
(c) Theories established through scientific resdear

3. Examples of laws of nature are the
(@) law of the uniformity of nature.

(b) law of causation.
(c) law of gravitation.
(d) law of natural selection.

4. Scientific laws are objective, factuahnd can be expressed in
guantifiable form.

5. The entire universe is said to show unifpatterns and to form a
united system.

This view is called the law of the uniformity oftnee.

6. Gravitation is the force which pullsveey object in the universe
towards every other object in the universe. thesforce that makes a
body fall through space toward the earth.

7. The first scientific explanation (theory)f othe behaviour of falling
objects was given by Sir Isaac Newton (1642-1727).

8. Albert Einstein’s theory of relativity whichag formulated in 1905
explained the Newtonian theory further by assgrtitat gravitation is

a property of space.

9. With this clarification by Einstein and othehe ttheory of gravitation
was elevated to the rank of a law.

10. The basic idea of the law is that if the m@ssount of matter) of one
of the two attracting bodies is doubled, the gegtional attraction will
also be doubled; but if their distance apart ishdied, the force will be
only one quarter as great.

11. Gravitational attraction explains the behawioof falling objects and
the motions of the moon and the planets and otl¢gions we observe
on earth.

6.0 Tutor-marked assignment
1. What does the [aw of nature refer to?

2. Explain what is meant by the term ‘gravitation’
3. What is the basic idea of the law of univergalitation.
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Answersto the exercises
Exercise 4.1
1. natural laws

2. (a) law of Gravitation (b) law of natural setien
3. speculative
4. scientific laws

Exercise 4.2
1. (a) natural sequence (b) regularity (c) pattdrbehaviour
2. event

3. gravitational force
4. Isaac Newton
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Module 1 Unit 5: History of science -1
(Origin  of Western science in the anae
times)
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1.0 Introduction

In this unit you are going to learn how Westerresce originated in ancient
times. In fact, the next four units will intnece you to how that science
originated and how it evolved to its present stBtease bear in mind that
when we talk about the origin of science, we aressence talking about the
origin of the scientific method. If  you can rddabm unit 1, science can be
defined in terms of the method of acquiring knowled@f nature. From the
time of recorded history to the early sixteenthtaey AD, Western science
progressed very slowly. It was the emergence ok rhethod of science in
the seventeenth centur y that enabled the sciermehieve the impressive
success it has achieved today. This topic igpomant because it will help
you to appreciate how logical thinking is of indessable value to man. It is
also important because it will expose the mistakdbe past and enable us
to learn from them.

The histor y of Western science is going to Iseussed in four phases
namely:
1. Orig%n of Western science in ancierttmes (which dates from the

beginning of recorded history to about AD 476).
2. Science in the middle ages of Europe (AD 47400).
3. Rise of modern science (AD 1400 to the presem)t
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4. Twentieth century scientific revolution.
However, you should note that the division of higtimto these periods

is only a guide to help historians. Ther&sas never any such clear-c

division of time in history. Rather, one periodmyed into the next. As was
mentioned earlier, this unit will only treat thegin of science in the ancient
times. The other phases will be discussed in suiesgqinits. The objectives
below specify what you are expected to have leatat studying this unit.

2.0 Objectives
After studying this unit you should be able to:
1. Write briefly on the contributions of anciergyptians and Babylonians
to science
2. Discuss vividly how Thales of Miletus, Anaxinukar and Pythagoras
explained the fundamental component of matter.
3. ldentify the contributions of the Roman Empwoescience.

3.1 Ancient science
The origin of science is often traced to the Egymdiand the Babylonians.

They originated science during the Neolithic agemthey settled down to
an organized agricultural life and activity. It Hasen possible to infer what
the content of science in these areas was frohaaatogical remains. This
iIs because writing, as we know it tqddyadn't been discovered:
(Dampier: 1989; Nwala & Agbakogba: 1997). It is ionfant to note that the
disciplines we call science today separated gradfram philosophy. Thus
at thetime of the Egyptians and Babyloniansppe who studied plants,
animals, stars and other heavenly bodies, radifs, etc were all called
philosophers. There was nothing like a botan@mb|agist, an astronomer,
etc. It was in Alexandrian Academy in Egypttthapecialisations started.
You will read about this subsequently.

Please also note that the word ‘philosophy’ vekemn from two Greek
words, namely: ‘philos’ (which means love) darsophia’ (which means
wisdom). Thus philosophy literally means ‘love afisdom’. Therefore to
call a person a philosopher was to calm ha lover of wisdom. This
because the Greeks believed that whoeved ttie study and understand
nature was trying to be wise.

3.1.1 Egypt
The kingdom of Egypt was divided into three religgacentres, which were
Memphis, Heliopolis, Thebes or HermopolisThese centres were
administered by priest—scholars. They werelled¢dascholars because they

ther

is

were the intellectual <class of the anti Egyptians. Their powe

ttemendous and even the kings were subject tonyé@uenyi: 1993).

These priest—scholars established a kind of scky®iem known as the
Egyptian Mystery System schools. The schoolsrevae kind of university
where every known discipline was taught by thegts. Such disciplines



were philosophy, comprising religion, medé& law, mathematics,
geometry, astronomy, etc. This group of discgdinwas referred to as ‘the
Wisdom of the Egyptians’. Thus a lotf oancient Egyptian scienc
slagdied as sacred knowledge. And suchowledge was possessed an
disseminated by the priests. One of the main stifoul the origin of ancient
Egyptian science was their practical needs in aljuce (such as measuring,
calculations, surveying and study of the weatherd the heavens). Second is
their understanding of the world theyivedl in through religion and
philosophy (Nwala and Agbakoba: 1997).

Astronomy originated with the Egyptians tgb their study of the
heavens, the stars and the weather. They knevhiadiest time to plant
their crops was right after the Nile River overfleahits banks. Their priests
noticed that between each overflow the moon rosinies. So they counted
12 moons or months and figured out when the Nilaeldioise again. Their
accuracy in these predictions led to their itien of the Ilunar calendar.
They divided the year into 12 ‘moons’ or ‘morithef 30 days each and
added a space of 5 days to each year, thus bgmgich year to a total of
365 days (Arkady: 1977).

Credit is also given to the Egyptians for the arggion of mathematics.
The evidence was the finding of the Rind Mathena&fapyrus, which was
written during the reign of King A-UsereR (1650 B.C.). It contained
arithmetical problems and solutions invotyi the use of fractions an
decimals. Another ancient text which contains enie of Egyptian origin
of the sciences is the famous writings of Hermesmegistus which contain
among other works, books on medicine, physics caednistry (then called
alchemy). The theory of transmutation of eletsen(the basis of modern
chemistry) first appeared among ancient Egyptians.

The ancient Egyptians were also reputed highiypédicine. They are
said to have performed caesarean operations araveehtataracts from the
eyes. Evidence for these is contained ie tBdwin Papyrus, which was
excavated. Do you know that the first physiciahef ancient world and the
most famous was the Black Egyptian called ImhotépPved about 2980
BC. He was called ‘the god of medicine’ by thee€ks and he lived 2000
years before the Greek doctor, Hippocrates, whnadern times is called
the father of medicine (Eneh: 2000; Onyewueny®3)9The Egyptians also
invented writing called Hieroglyphics and papépapyr us) on which they
recorded their ideas and culture.

3.1.2 Babylonia (present day Iraq)

The sciences of mathematics, astronomy andineering (irrigation and
canal construction) also developed in Babyloniauai800-1600 BC. The

Babylonians believed that the heavens werelitbdeaof their gods. They

also believed that terrestrial disastetchs as floods, insect attacks a
storms were caused by these gods. Thiey studied heavenly events
carefully in order to know when their gods wengy so as to pacify them.

Out of these practices grew a descriptivastronomy that was the mos
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sophisticated of the ancient world until the Gretksk it over and perfected
it. The first accurate astronomical observatiory ttezorded was the rising
and setting of the planet Venus (The New Encycldj@aBritannica: 1995).

The Babylonians also realised the importance ofedfiunits of physical
measurement. Their unit of length was the finges;foot contained twenty
fingers; the cubit, thirty fingers. The measurersaftweight were the grain,
the shekel andthe talent, while their medafmexchange was the barley
(Dampier: 1989).

Their land was harsh and was made habitable by&x& damning and
irrigation  works from their two greativers — Tigris and Euphrates
Mathematics thrived under these conditions. Fostance, they needed to
calculate the volume of dirtto be removed fraamals and the provision
necessary for work parties. It might be interestmgou to know that they
were the first to divide the day into hours, otes and seconds, and also
divided the circle into 360 degrees (The Encycloma8ritannica: 1995).

You will agree that the Egyptians andhe Babylonians  wer
obsgwoers of nature and they gave precise desong What was missing
was scientific explanations. To them, all knadge was attributed to the
revelations of their gods. They believed thatas the function of religion
and magic to understand nature but that man casddribe it and use it.

Exercise5.1
Now test yourself with the following questions:
1. The religious centres in Egypt were (a) (b) —

and (c) and they
were administered by d)

2. Evidence for the Egyptian origin of mathems&and medicine can be
found in a) and (b)

papyri respectively.

3. The first physician of the ancient world was

4. A day was divided into hours, minutes and sdsorby the

3.1.3 African philosophy

From the last two sections, you have learnt thentrdmutions of Egyptians
and Babylonians to the origin of various scemsc Before we discuss the
contributions of ancient Greeks, your attentioeeds to be drawn to the
influence of Egyptian philosophy on Greek pbdphy. You should note
again that in ancient times, philosophy embrackthaldisciplines of study
including natural science. But with the advanceimend development of
learning, specialised areas of study such asowssciences separated from
their ancestor — philosophy, and becameepaddent disciplines (Eneh:
2000).

The influence of colonial education has mate difficult for many to
appreciate Africa’s contribution to world civilisah. This is especially with
regard to philosophy and science. European anest&kh civilisation and



philosophy owe their origins to Egypt danBabylonia. Indeed Egyptian
philosophy is the origin of Western philosophy Bueek philosophy itself
owes its origin to Africa, particularlyEgypt (Onyewuenyi: 1993). The
evidence includes the following:
1. From the writings of the ancient Greelseniselves, such as Homer,
Pythagoras, Socrates, Herodotus, Plutarch, Plat@astotle, etc, and
modern historians such as William Stace, Editmttan and James
Henry Breasted, we learn
(a) the fact that Egypt is said to have coloniGedece and dominated its
culture.
The ancient Greeks also acknowledge the Egyptigmerof their
language, identity, science, philosophy, names@af gods, their
rituals, etc.
(b) the fact that many of the leading Greek Ietglals lived and
studied in Egypt. Africa’'s major contributiont philosophy and
philosophical foundations of the various sces include the
following (Eneh: 2000; Onyewuenyi: 1993):
1. The world’s first philosopher in history Ptalotdp (c 2800 BC) was an
African.
2. Another African, Ipuwar (¢ 2500 BC) wabke world’s first social
philosopher.
3. The black Egyptian Imhotep who lived 2000 gedvefore Hippocrates,
was called by the Greeks ‘the god of medicine’.
4. Hypathia — The world’s first woman philosop@80—415AD).
5. The Alexandrian Academy in Egypt, which flougshbetween 300 BC
and AD 200, was the centre of the scientific wolladvas also the first to
establish the tradition of disciplinary stdrehip and specialisation.
Among its intellectual giants were:
(a) The great mathematician Euclid who synthesissimetry as a
science in his book Elements of Geometry.
(b) Aristarchus, the great astronomer ar@opernicus of
Antiquity’.
Human body.
(d) Archimedes, the great mathematician who lagdfttundation for
the science of mechanics. He founded the Archimedegew for
raising water and is attributed with the doctriféewers.
(e) Eratosthenes, the librarian at Alexandria wias called ‘the most
learned man of antiquity’. He also advanced theatedge of
prime numbers.
() Ptolemy of Alexandria, a geographer and aroastimer. His two
greatest works were:
(i) Al magest, one of the most influential sciéntworks of all
ages. It showed the paths in which the planetsaagpemove in
the heavens, a detailed star catalogues and,sextethescription of
astronomical instruments.
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(i) Geographical outline, which showed the majphaf world
representing the curved surface of the earth ¢arsepsurface using
latitude and longitude.

If you are interested in knowing more about theidsin origin of Greek
philosophy, the following book will be of assistario you:

Onyewuenyi, I.C. (1993) The African Origin of Gkeehilosophy: An
Exercise inAfrocentrism, University of Nigeria Pseblsukka.

3.1.4 Ancient Greeks
Through the influence of Egypt and Babylonia, @reeks acquired their
knowledge of mathematics, astronomy and philos@stuydeveloped these
to an unprecedented degree (Nwala and Agbakob&)199
Science in ancient Greece will be treated underheaxings:
1. Pre-socratic philosopher-scientists
2. Socratic philosopher-scientists

Pre-socratics _
These people were known as natural philosepheecause they engaged

themselves with the study of nature and the odinthe world. They were
ten in number and they included, Thales Miletus, A Phoenician who
migrated to Miletus in lonia, AnaximangderPythagoras, Heraclitus,
Democritus, etc, who were lonian philossagsh These men are usually
called early Greek philosophers by some historiamsile some others are
consistent in  noting their n@reek origin. They studied in Egy
elsewhere under the same curriculum. After thteidies, they went back to
their respective countries to expand the teachimfshe Egyptian Myster y
System School (Eneh: 2000; Onyewuenyi: 1993).

They were more concerned with the phemon of change. They
observed that physical substances (matter) chambg®mne another but their
main  concern was to find out the originastuff from which all
thiggwted and to which they return. Has such aghtever come to your
mind? They attempted to answer this question amaea the ‘world-stuff’
each in his own way:

1. Thales of Miletus (620 —546 BC)

He is usually referred to as the father of Wespitosophy. He taught that

water was the source of all things in the undeerAccording to Aristotle

(Dampier: 1989), Thales got this idea from seelrag the nutriment of all

things is moisture and that water is the origithef nature of moist things.

Things that exist in the world are solid, liguidgaseous in form. Water,

according to Thales, underlies these forms aMm@nge fromone formto
another. Thales also forecast the eclipsé 585BC, although knowledge
about eclipses was far advanced in Egwptere he studied (Nwala and
Agbakoba: 1997; The New Encyclopaedia Britann&25).



2. Anaximander (611 —547 BC)
He was a pupil of Thales in the Milesian school.w#es quick to argue that

water could not be the basic substance, because wassentially wet and

nothing can be its own contradiction. Accoglito him, if Thales were
correct, the opposite of wet could not exisdisubstance and that would
preclude all the dry things in the world. Thereféteales was wrong ( The

New Encyclopaedia Britannica: 1995). Here wase thirth of the critical
tradition that is fundamental to the advance oéisoe. On his own part, he

called the ‘world-stuff ' the ‘infinite somethingThis expresses the idea that

the original stuff had no beginning, was perishable, inexhaustible and
indestructible. He was also the first among thee@sdo represent the earth

on a map, though the science of map making (capdy) was known in

Egypt and Babylonia.

3. Pythagoras (582 —497 BC)

He spent 22 years in Egypt and received instruationathematics, physics,
theology, music, philosophy and ethics frorthe priest—scholars of the
Mystery System schools (Nwala and Agbakob1997; The New
Encyclopaedia Britannica: 1995). The mathtoad theory called
Pythagorean theory is named after him. For hinthallgs are numbers. He
believed that the universe was composed of eusnbin various shapes -
squares, cubes, oblong, triangular, etc. To hirthalgs in the universe were
numerable and could be counted. Pythagoreans fo{lusaers) believed that

the unit ‘one’ is the source of all numbers argyttivided it into odd and

even numbers. The whole story is interesting, @'t

4. Heraclitus (535 - 475 BC)

For him the ‘world-stuff’ is divine fire. He wasalfirst Greek to advance the
principle of change as a universal law. Changesdig is the only reality and

that there is nothing permanent in the world. Adaay to him, ‘From life

comes death; from death comes life; sleepgdmninto wakefulness and
wakefulness changes into sleep’. Everything inuthieerse, he says, has its
own opposite (Dampier: 1989).

5. Democritus (460 BC - ?)
He was a disciple of Leucippus who is crediteithwhe founding of the
atomic theory or the doctrine of matter. Hecame the ablest and best-
known interpreter of the atomic theory (Dampi389). He proposed that
matter is made up of atoms and they are infimteumber and too small to
be perceived by the senses. He said that atoffes olifsize, some bigger,
some smaller and that there is empty space bettheem According to him,
everything new is produced from a combination oha and that death or
cessation takes place when atoms separate.

So you can see that even the atomic theory wasrkimthe ancient
times. This effort of the Greeks to explain theib&omponents of matter is
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important in the histor y of scientific thougfitis is because they tried to
reason and to explain it in seemingly simpler terms

The Socratics

They included Socrates, Plato and Aristotllato studied in Egypt, but
histor y is silent on whether Socrates and Aristatso studied in Egypt. We

shall discuss them one after the other.

1. Socrates (469-399 BC)
He was the teacher of Plato and was born in Athdesvas a moral teacher

and sought truth by asking questions. He enrickeshse with the tools of
universal definitions and inductive reasoning. Yall learn about inductive
reasoning in a subsequent unit.

2. Plato (427-347 BC)

After Plato’s studies in Egypt, he returned toéth and opened a school

called the ‘Academy’. He taught that it was moréleand dignified to seek
answers by reasoning rather than by experimentso\del mathematics and

he formulated the idea of negative numbers. Kisademy also produced
philosopher—scientists such as Heracleide§ Pontus (388-315 BC).
Heracleides suggested that the earth rotates owitsaxis once in every 24

hours and that Mercury and Venus circle round threlike satellites (Eneh:

2000; Nwala and Agbakoba: 1997).

3. Aristotle (384-322 BC)
He was the most accomplished of Plato’s pupilswds born at Stagira in
Macedonia. He was a tutor of Alexander teeat. He wrote books on
almost all the areas of knowledge - biolodyotany, anatomy, physics,
metaphysics, astronomy, mathematics, logieconomics, politics, law,
psychology, etc. His influence on subsequent agweént of science and
philosophy was enormous. In particular, his viewspbysics and astronomy
controlled the view most men had of the univemse two thousand years.
However, to him, the proper means of investigatias observation.

In conclusion, Greek science was said to be moeespieculative and
theoretical activity rather than experimental anacpcal.

In the next section, you will learn about the cidmitions of Rome to
science. In the meantime, answer the follgwiquestions to check your
understanding of the topic so far.

Exercise 5.2
1. Match the items in ‘A’ with those in ‘B’ by fihg in the correct letter
in the space provided:

A B
Imhotep (a) Wrote the book called ‘Al matje
Hypathia (b) The first to dissect the huntady




Euclid (c) The first physician in the world

Herophilus (d) The first woman philosopher

Archimedes (e) Synthesised geometry asense

Ptolemy (f) Laid the foundation for the ence of
mechanics

2. Pre-socratics named the ‘world-stuff éach in his own way. The
following are what they named. Identify who naneadh:
(a)Water
(b) Infinite something
(c) Numbers
(d) Divine fire
(e) Atoms

3.1.5 Science in the R oman period (50 BC—-AD 400)
The last and the most important of ancient @aiiions in Europe was the
Roman Empire. People of many different races camaer its rule — the
English, the French, Arabians, Syrians, Greeks, etc

The Roman Empire, however, did not havechmunfluence in the
development of science. It was more ergdted in conquests and
maintenance of power through political amdlitary administration. The
spirit of independent researchwas quitereifm to the Roman mind, so
scientific innovation was interrupted for awhiléThe New Encyclopaedia
Britannica: 1995). However, some scientific workgere produced during
this period, but none of them was revolutionar pature. They were mainly
a detailed explanation of scientific cepions already developed in
Alexandria or Greece. These include:

1. Geographical science
The wars and military expeditions of the onfins vyielded much further

geographical knowledge to mankind. Nationsr countries, which were
relatively  unknown, entered the world mapJulius Caesar, one
treperors gave the world its present calendar ctilledulian calendar in 46

BC. In this calendar, the length of the year iged at 365 days and at 366

days at every fourth year. There were 12 calendamths of 30 and 31 days

except for February, which has 28 days. Howewvelykary has 29 days at

every fourth year or leap year. The month of Jsilgilso named after Julius

Caesar

(Nwala and Agbakoba: 1997).

Additionally, Pope Gregory Il made a slight navation to the Julian
calendar. He made the leap year occur in anywhase number is exactly
divisible by 4. The only exception is the centengegrs whose numbers are
not exactly divisible by 400, for instance, 180000. The revised calendar
is called the Gregorian calendar.

2. Medical education and health care
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The Romans of this period also establisheditadsp and paid physicians
who worked there. They also promoted blipu health, hygiene and
sanitation.

3. Pliny’s natural History
Pliny (AD 23-79) promoted the development of nathistory. He wrote a
book on natural history and the topics of disaussn it were on animals
and plants, especially medicinal plants and theges. However, the book
was a compilation of 2000 works by 146 Roman artlG&ek authors.

In conclusion, both scientific research and th&oal science were in
decline under the Roman Empire. The advancesriaele were more of a
practical nature.

4.0 Conclusion
This unit has introduced you to howciesce originated in Egyr
Baddylonia and how the sciences were advanced furtl@reece and in the
Roman Empire. You have also been informed that &vesgthilosophy and
science owe their origins to Egypt.

5.0 Summary
The main points in this unit include the following:

Science originated in Egypt and Babylonia (Wh&present-day Iraq).
Egyptian priest—scholars established a d kiof school known as the
Egyptian Mystery System Schools where every kndisnipline was
taught by the priests.
3. Evidence for the Egyptian origins of mathensatiand medicine can be
found in the Rind Mathematical Papyrusd anthe Edwin Papyrus
respectively.
4. Babylonians developed the most descriptivasmy of the ancient
world.
5. They were the first to divide the day into lrguninutes and seconds and
also divided the circle into 360 degrees.
6. Egyptian philosophy is the origin of Westernlggophy. Evidence can
be found in the writings of ancient Greeks thelwves such as Homer
and Pythagoras, and from modern historians subdMilliam Stace and
James Henr y Breasted.
7. Pre-socratics named the original stuff fromaoh all things originated
and to which they return. The names given were:
(@) Water by Thales of Miletus
(b) Infinite something by Anaximander
(c) Number by Pythagoras
(d) Divine fire by Heraclitus
(e) Atoms by Democritus
8. Socrates enriched science with uniVersgefinitions and inductive
reasoning.
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9. Plato formulated the idea of negative numbers

10. Aristotle wrote books on almost all the areat knowledge — biology,
zoology, physics, astronomy, etc.

11. Scientific innovation began to decline in theni&n Empire.

12. The calendar invented by the Egyptians wasfreddurther by Julius
Caesar and Pope Gregory lll.

Answersto the exercises

Exercise 5.1

1. (@ Memphis (b) Heliopolis (c) Thebes Hermopolis (d)
scholars

2. (a) Rind Mathematical Papyrus (b) Edwin Papyru

3. Imhotep

4. Babylonians

Exercise 5.2

1. cdebfa

2. (a) Thales of Miletus (b) Anaximander (c) Ragbras (d) Heraclitus
(e) Democritus
6.0 Tutor-marked assignment (TMA)

1. Write briefly on the contributions of anciergyptians and Babylonians
to science.

2. How did Thales of Miletus, Anaximander and Rygtbras explain the
fundamentalcomponent of matter?

7.0 References and further reading
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1.0 Introduction

We studied the origin of western science in thaeant times in unit 5. This

unit is a continuation of that

unit.

der we shall learn about

geaence progressed in the Middle Ages of Europeldii Ages as we learnt

in unit 5, is a periodin European historetvieen about 476 and 1400.
Please remember that history has no clear-cusidivé. Rather, one period
merges into the next. The history of science, whimh will study from units

5 to 8,is essentially about European scien¥eu will also learn about
Africa’s contributions to the advancement of madsecience in module 3

unit 3.

2.0 Objectives

After studying this unit, you should be able tothe following things:
1. Discuss vividly the state of science during Erark Ages of Western

Europes;

2. Outline the contributions of Arab scholars ¢@Bce;

ho



3. Write short notes on Robert Grossetesste, RBgeon and Leonardo
de Vinci.

3.1 Science in the Middle Ages of Europe (476 — B18D)
The Middle Ages are also known as the medievabg@eThe period was

dominated by Christian Theology and charaaerisby initial decline of
science and its rise again much later (Nwala angbRgba: 1997). There are
two phases within this period and they are:

1. The Dark Ages (450 to 800 AD)

2. The Renaissance (9th to 15th century AD)

3.1.1 Science in the Dark Ages
This is the first part of the Middle Ages in Europe a result of constant
invasions by barbarian tribes (the tribesutside the Roman Empire),
civilisation which had flourished under the ruletbé Roman Empire, came
to a standstill. Development in learning, archiieef science and art slowed
down or stopped altogether. Life also became uresteresult of the many
wars among the petty kingdoms within the Empie kind of ‘darkness’
covered life in Europe. For this reason, the pefioth about AD 450 to 800
is sometimes called the ‘Dark Ages’. (You mightilkerested to know that
this was the period when the old kingdom of Gha@ehed the peak of its
civilisation).
All through the Middle Ages, there was only one iStiein church (Roman
Catholic) in Western Europe. It became a symlobl unity, such that the
united Christian world was called ‘Christendom’.rilng the Dark Ages, the
fathers of the church showed little interestkmowledge of nature for its
own sake. They believed that holding discussiothemature and position
of the earth would not help them intheir hopelife to come (Damper:
1989). Therefore, the desire andthe power stady nature with an open
mind gradually passed away. From the Christiangsats/e knowledge of
nature was valued only as a means of edificatbibas an illustration of the
passage of scripture. People soon lost tbditya to criticise and believe
anything  particular ly if it was in accordance with the  scriptur
Ewample, a dictum of Aristotle, says, ‘everyththgt moves is moved by
something else’. Thomas Aquinas, one of the fatbktise church, used the
statement as evidence that God must exist sinc® e unmoved mover.
Aristotle’s cosmology was the dominant basis oésce in the Dark Ages
and the scholastic period— the period @&rab influence (The New
Encyclopaedia Britannica: 1995). He Dbelkevethat heavenly bodies
influenced human destinies.
However, some advances were made during this gédiowever, their
fundamental nature, really made people not to adtiem. These included
the inventions of the rigid horse collar and tlr@n horse shoe. While the
rigid horse collar helped to shift the weight dbad to a horse’s shoulder,
the horseshoe protected a horse’s hoof frdamage and so enabled the
animal to travel farther and faster than it dowlthout them. These were
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important inventions, since the use of @srswere their means of lan
transportation (The New Encyclopaedia B ritean 1995). What do you
think were the means of land transportation in ¢sfrat that time?

In addition, the monks in monasteries ergutbat some amount of
learning was kept alive. During that ripd, they translated ancient
knowledge and works of the Egyptians, Babylonians Greeks into Latin.

They also kept alive some knowledge of the artagticulture, since they
were practical farmers.

While Europe was in the Dark Ages, Islamic learrsiayted to flourish
in the East. To the Arabs, ancient science wgsre@ous treasure. They
eagerly searched for the writings of the Greeksteartslated them into their
language. In this way, much of the arciatience passed into Islamic
culture. Greek medicine, astronomy andtrobgyy, mathematics,
philosophical works of Plato and particularly, Aoe were assimilated in
Islam, by the end of the 9th century. The Aralasyéver, did not stop with
assimilation (The New Encyclopaedia Britannica: 3)99

They criticised and tried to make their own inniwas. Don’t you think
that should be the attitude of we Africans towasdentific advancements?

Don’t you think that Africans should not just usereign-made goods, for

example, without some healthy criticisms? You megail from unit 2 that

critical thinking was defined as the tegtinand evaluation of proposed
solutions to a problem. In unit 5 also, it was nmed that ‘critical tradition

is fundamental to the advance of science’. You triighaware that some of

the foreign-made goods don’'t function propémhAfrica because of the
weather, even though they help to solve some of ptoblems. Would you

be able to give some examples of the foreign-maadelsf?

As we already mentioned in the foregoinfpe Arabs criticised and
innovated. Their major interest was intrdsomy and Astrology. They
constructed great astronomical observatories, wthey used in checking
Ptolemaic predictions. (You may read aboubldty’s work in unit 5,
section 3.1.3 of module 1). The Arabs further miad&y improvements in
medicine. In their hands, the primitive chemisify the Greeks known as
alchemy developed into modern chemistry.haz®s (865 -925) was the
greatest of the Arabic alchemist. His works weasddl on experience and
experiment. The most eminent Muslim physicist wasa&l Haitham (965 —

1020 AD). His chief work was done in optics andwid a great advance in
experimental method (Damper: 1989; Nwala and Agbak&997).

Islamic thinkers were fascinated with numbei®his fascination thus
served as the motivation for the creation of algg¢from Arabic: al-Jabr)
and the study of algebraic functions (The NewcyElopaedia Britannica:

1995). They also borrowed the idea of zero froemHimdu mathematicians

and invented the Arabic numerals. Is this not eg#ng? Do you know what

the Arabic numerals are? You might know but mayhave known who

invented them and how they were inventedhe Arabic numerals are
1,2,3,4,5, etc. Are you surprised? You would nowwrhe importance of

this invention. Just imagine how our everyday wdwgle been like without



these numerals? We wouldn't be able to do fomathematics, various
businesses would not have been able top kesords, and governments
would have found it difficult to take census andbscand so forth.

Towards the end of the medieval period, it wasglely recognised that
the East held the secret of ancient wisdom in lagrand science. Thus, the
Europeans (west) developed interest in Araldaoguage and commenced
translations of books from Arabic to Latin. You aaserve the influence of
Arabic learning of this period from several basieatific terms that have
their origins in Arabic or Persian language (Navahd Agbakoba: 1997).
Examples include the following:

1. Pharmaceutical terms: alcohol, camphor, andpsyiithese are of Persian
origin
2. Technical/astronomical: Zenith, azimuth, azete, (These are of Arabic
origin).
3. Mathematical terms: zero, cipher, sine, ro@ehia, algorism, etc
4. Music terms: lute, guitar, rebeck, etc.
5. Other words of Arabic origin include: almana@ttress, take, tartarm
astronomy, etc.

However, the Arabic or Muslim science was vgrgailative. making
little or no experiments. It was not empirical. By close of 11th century,
the decline of Arabic learning had set in, andrfthen, science was chiefly
a European activity.

Exercise 6.1
1. List two characteristics of the Dark Ages of&pe.
2. How did ancient science pass into Islamic caltu
3. ldentify what you think are the contrilmmis of Islamic scholars to

science and society.
3.1.2 Science in the Renaissance Period
This period is the second half of the Middle AgésWestern Europe and it
started from the 9th to 15th century. During thesipd, men began to be
dissatisfied with a way of life, which made proggerery slow. People felt
that changes in ideas, in beliefs and in ways ldught were necessary. The
ancient Greeks and the peoples of other ieanccivilisations had written
many books on mathematics, astronomy, geographyaeid learned men of
this period began to study these ancient writifignss increasing desire for
knowledge was satisfied by translation of the Greedks into Latin. This
was done in two ways: firstly by retranslation fréme Arabic and later by
direct translation from the Greek (Damper: 1989).

The learned men of this period saw that the ahsiemlars had a lot to
offer them.
But they were not satisfied to learn simplyavhthose before them had
written or taught. They tried to find out newrths for themselves. (This
should exactly be the attitude of Africans and Kees in particular towards
scientific development. Don’t you think so?) Youwla observe that this
attitude of renaissance men was different froat ¢ii the men of the Dark
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ages. Men of the Dark Ages were often satisfieti whatever they learnt,
without any form of questioning.
This spirit of questioning old beliefs and formingw opinions generally
came to be described as the ‘Renaissance’, whiegmsnebirth or revival of
learning. The revival was started in Italy byelafamous scholars: Dante
(1265 -1321 AD), Petrarch (1304 —1374 AD) and Boca(1313 —1321
AD). These artists tried to show how superior geating, art and culture of
the ancient Greeks were, and this led to a réwlamterest in the Greek
language.
In the field of science were two verynfluential theologians anc
philosophers: Albert ‘the Great’ (1193 —1280 AB)Bavarian Dominican
priest, and Thomas Aquinas (1225 — 1274 AD), almit monk. Both of
them taught at the University of Paris. They wéeefirst to accept the idea
of a distinction between knowledge of nature enataled knowledge. But
they also pointed out that God was the autledr both. This rationalistic
approach separating large segments of hurk@aowledge from theology,
prepared the way for a relatively inelegent development of science
(Damper: 1989; Ene: 2000; The New EncyclopediaaBritca: 1995).
Some scientists of this period with experimeatad practical bent of
mind include the following:
Robert  Grosseteste (1175 1253). He was an English  philosophe
etience. He determined the main direction of thesjalal science in the 13th
and 14th centuries. He had knowledge of the workiofg mirrors and of the
nature of lenses (Nwala and Agbakoba: 1997).
Roger Bacon (1214 — 1294 AD). He was an English,d@fciscan Monk.
He was the first man in Europe, dgrinthe renaissance perio
#proached in  scientific  spirit, the dredArabians who preceded him
(Damper: 1989). This was because of hitear understanding that
experimental methods alone give certainip science. This was a
revolutionary change in mental attitude. He rathdthe authors he could
reach. This included those of the Arabicnd aGreek authors. Instead of
accepting the facts and inferences of natural kadge from the scriptures,
the fathers, the Arabians or Aristotle, he toldwweld that the only way to
verify their statements was to observe and erpari. But in spite of his
writing, he did not appear to have done much erpeting himself, except
in optics. In addition, for all his omparatively advanced outloo
hecepted most of the medieval attitude of mindsTAas with regards to
the fact that the end of science and philosophytewasplain and adorn their
gueen — theology.
Leonardo da Vinci (1452 — 1519). He was an Italiaand he could stand
as the incarnation of the true spirit of scignthought of the renaissance.
He was a painter, a sculptor, an engineer, antaatha physicist, a biologist
and a philosopher. He was indeed suprem® each role. To him
teservation of nature and experimentation wese tnly true methods of
science. He also believed that knowledge of atiment writers could be
useful as a starting point, but could nevdre conclusive. He opined that



mathematics, arithmetic and geometry gaveowkedge that was certain
within their domain, and therefore had somethondd with reasoning. But

true science, he said began with olsdemnw to obtain certainty of
knowledge. According to him again, ‘those sciengbgh do not begin with
experiments, the mother of all certainties amitivdo not end with one

clear experiment are vain and full of errors’. 8ceto him
Give certainty and power (Damper: 1989).

Leonardo might have been great, butitis toreted that he did not
solely originate the scientific spirit he displayédberti (1404 —-1472) had
studied mathematics and did physical experimertsddim. While he was
helped in his anatomical researches WBntonio della Torre, Amerigo
Vespucci gave him a book on geometry.

What do you think we can learn from the men of Resaace? If your

answer includes the following, then you are onriglt track:

1. They truly founded modern science. They empleasbbservation,
hypothesizing and experimentation, which are thre ebeements of the
scientific method.

2. In spite of the above statement, scienceeaR#maissance period was
still a branch of philosophy. This is because igs@nce men were still
philosophers in spite of their advanced scientfidook.

3. Africans, especially Nigerians of all workis dife should cultivate the
habit of using the scientific method of reasonihgvas the emergence
of this method and its use that led to the adearent of countries of
Western Europe and other advanced countries.

Exercise 6.2

1. What is ‘Renaissance’?

2. Where did it start and who started it?

3. Mention the two people who started the Renatssanscience.

4.0 Conclusion . o o .
In this unit, we have discussed how Western sciembi&h originated in the

ancient times, progressed through the Dark AgesRamaissance period. As

you are now aware, the Dark Ages and Renaisgaaroad constitute the

two parts of the time «called the Middikges of Europe. Within thes
periods, Western science was still tr ying not dol§ind its feet, but also to

free itself from the clutches of philosophy aetigion. The next unit will

focus on how science finally found its feet.

5.0 Summary
The main points in this unit are as follows:

1. The Middle Ages of Western Europe comprise lvases which are: the
Dark Ages (450 to 800 AD) and the Renaissandet®1i5th century
AD).

2. Inthe Dark Ages, knowledge of nature was \dlorly as a means of
edification or as an illustration of the passagescapture.
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3. In that period also, people lost the ilitgh to criticise and believed
anything that was in accordance with the scriguféaus, science and
earning declined rapidly.

4. In that same period, the monks in monasteraaslated ancient works
into Latin and thus kept alive some amount of leayn

5. While Europe was in the Dark Ages, Islamichéag started to flourish.

6. Islamic scholars translated Greek writings ihiir language because
they treasured ancient science.

7. In this way, ancient science passed into Istamiture.

8. The Arabs did not stop with assimilatioThey also criticised and
innovated.

9. In their hands, the primitive chemistry of tAeeeks known as alchemy
developed into modern chemistry.

10. Islamic thinkers also created the sciende atgebra and the study of
algebraic functions.

11. They also borrowed the idea of zero from theddimathematicians and
invented the Arabic numerals.

12 Many scientific terms such as alcohol, syrupjthe algebra, zero, sine
etc. are legacies which Arabic science left to nraohk

13. The Renaissance period was characterised Imceeasing desire for
knowledge such that critical power resurfaced.

14. The Renaissance in science was started bthewobogians: Albert the
Great (1193 -1280 AD) and Thomas Aquinas (122574 1&D).

15. They were the first to accept the idea of stimition between knowledge
of nature and revealed knowledge. They also podiotg that God was
the author of both.

16. This attitude of theirs prepared the way foelatively independent
development of science.

17. Some scientists of this period whemphasised the methods
observation and experimentation were: Robert Gtesste (1175 — 1253
AD), Roger Bacon (1214 —-1294 AD) and Leonardo danci (1452 —
1519 AD).

Answers to the exercises

Exercise 6.1

1.a) Knowledge of nature was valued only as ama®f edification or as

an illustration of the passage of scripture.
b) People lost the ability to criticise and be&ewvanything that was in
accordance with the scriptures.

2. Islamic scholars translated Greek writingso ihieir language because
they treasured ancient science. It was in this tlvayyancient science
passed into their culture.

3. a) Islamic scholars created the science obatgand the study of

algebraic functions.
b) They borrowed the idea of zero from the Hindatmematicians and
invented the Arabic numerals.

of



c) Some of the scientific terms we use today wereed by Islamic
scholars. They include alcohol, syrup, zenith, roabe, algebra etc.

Exercise 6.2
1. The spirit of questioning old beliefsnda forming new opinions s
described as ‘Renaissance’. It also mearebirth or revival of
learning. It is the second phase of the MNéddAges of Europe and it
started from 9th to 15th century AD.
2. It was started in Italy by the following thrizanous artists
a) Dante (1265 — 1321 AD);
b) Petrarch (1304 — 1374 AD);
(c) Boccaccio (1313 — 1321 AD).
3. Two very influential theologians and philosophstarted the renaissance
in science.
They are:
a) Albert ‘the Great’ (1193 — 1280 AD). He was avBrian Dominican
priest.
b) Thomas Aquinas (1225 — 1274 AD). He was andtainhonk.

6.0 Tutor-marked assignment _
1. During the Dark Ages of Western Europe, therdesnd the power to

study nature with an open mind gradually passed/atate the reason
for this.

2. What were the contributions of the Arabs towaitte development of
science?

3. Write short notes on Roger Bacon and Leonaaddidci.

7.0 References and further reading _ _ _
Dampier, W.C. (1989) A History of Scienc And Its Relations With
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Ene, J. O. (2000) History and Philosophy of ScieAgeOutline,

MBE Publishing Division, Enugu.
Nwala, T. U. and Agbakoba, J. C. (1997) ‘Histofyscience’ In: Nwala T.
U. (ed)

History and Philosophy of Science. Niger BookBublishing Co.
Ltd.,

Nsukka, pp. 13 - 38
The New Encyclopaedia Britannica (1995) ‘The gstaf science’,

Vol. 27, pp. 32 — 42.
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1.0 Introduction
This unit is the continuation of the History of WWe® science. The last unit

described the state of science in the Middle Adedirope. In that unit, we
learnt how Western science was still trying to fitsdfeet, and to free itself
from the clutches of philosophy and religion. Tamst will introduce you to
how that science finally became independent. Thectiles below specify
what you are expected to have learnt after studlyiisgunit.

2.0 Objectives

After studying this unit, you should be able tothe following:

1. Compare accurately the Geocentric and Helioiettieories of heavenly
motion;

2. Write concisely on the contributions of Galilé&epler and Newton
towards the change in scientific outlook ofhe 16th and 17th

centuries;

3. Explain briefly why the 19th century is regatdses the beginning of the
scientific age.

3.1 Rise of modern science
This topic will be discussed under the followingtaub-headings:

1. the scientific revolution;
2. the classic ages of science.

3.1.1 The scientific revolution o
This was a period that witnessed a complex chamgeiéentific outlook. It

started in the late 15th century, and reachedgtsdst point in the 16th and

17th centuries. True experimental scienckgee from philosophy and
religion, emerged in the 16th and 17th

centuries.



The first great change in scientific outlodten the renaissance was
made by a polish mathematician and @stronomer called Nicolaus
Copernicus (1473 — 1543) (Damper: 1989). You veitlall that in unit 5 of
module 1, we came across a man called Ptolemyexfafrdria. He was a
geographer and an astronomer. He wrote a botddcahl Magest. In that
book, he showed how the heavenly bodies such andloa, the stars, the
sun and all the planets move. According to hira,ghrth is located at the
centre of the universe, and all other heavenlydmdiove round it in circles.

This view of his, can be called the Ptolemaic syste Geocentric system or
Geocentric Theory.
Figure 2.1 below illustrates it.

Fig. 21  'The Ptolemaic world svatem

By now you might be asking, ‘How does Copernicose into all these'?

Ptolemaic system was the view which peoplef that time had o
thevement of heavenly bodies, until Copernicus caloeg and challenged

it. To Copernicus, the sun is at the centre ofuhigerse while the earth and

other heavenly bodies move roundit in darm, circular motion. This

view is known as Copernican world system or Huidric theory (Nwala

and Agbakoba: 1997). Figure 2.2 below illustrates i
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Fig. 2.8 The Copernician world sypelem

It is important to note that the Copernicdéimeory was not based on
experimentation.
He based his theory on logical assumptions or otingses and his taste for
aesthetic symmetry (Nwala and Agbakoba: 1997). ¢thesidered theory as a
serious work in astronomy rather than in philoso@y he set out to justify
it observationally and mathematically. As a resudthad a lot of conflicts
with the church authorities. The implication of theory is that humanity no
longer stands atthe centre of creation, dinee earth is no longer at the
centre of the universe (Damper: 1989; The New yElopaedia Britannica:
1995). It is not surprising to know that thepk of that time and their
authorities felt bad over the affront to them #éimeir earth, not being the
centre of attraction in the universe.

Galileo (1564 — 1642), an ltalian, provided a mobbeautiful evidence, to
justify that ancient authorities shouldo nlonger be accepted without
criticisms. He invented a telescope and usedvtew the heavens and thus
confrmed the Copernican theory that theun was at the centre of it
universe. Galileo also got into trouble with thghurch authorities for his
audacity to be on the side of Copernicus.
Creditis usually given to Galileo for discovegiand establishing the
true method of physical sciences. This is becaassmbined experimental
and inductive methods with mathematical deductidnsobtain his results.
You will learn the meanings of induction and dedarcin a subsequent
unit.
The experiment he carried out was to use the w@besto view the heavens.
You will recall that it was said in uni2 of module I, that whosoever
‘experiments’ after observations and hypothesisitdation are carried out
becomes truly ‘scientific’ in his approachExperimentation is the vern
essence of the scientific method. Thus, we ctetyssay that one of the
greatest scientific discoveries of Galileo wdse invention of the scientific



instrument of observation called the telescopeh\Wie aid of this telescope,
he saw countless stars, whose existence no onsukspdcted.
At the same time Galileo was searching the heavetith his telescope,
in Germany, Johannes Kepler (1571 — 1630) wasrclseg them with his
mind (The New Encyclopaedia Britannica: 1995). Heswthe first to apply
mathematics as an empirical instrument searching for the laws
heavenly = motions. He was an advocate d@he heliocentric theory
biisatest achievement as an astronomer was th@vdryoof the three laws of
planetary motion. The laws are as follows:
i. All planets travel about the sun in an ellipti¢oval) path,
il. A planet moves faster in its orbit as it netrs sun,
iii. There is a relation between its distance friby@ sun and the time it takes
to make an orbit (that is one movement round timg.su
What Galileo and Kepler could not provide, althiodigey tried quite
hard, were answers to these questions:
i. If the earth revolves on its axis round tha,ghen why do objects not
fly off it?
ii. How is it possible for the earth suspendednmpty space to go round the
sun — whether in circles or ellipses — withouttamg pushing it? The
answers were long in coming (The New Ermyakdia Britannica:
1995).
The year 1660 seems to be the most importantitirearly development
of modern science. It was in that year that ISéewton (1642—-1727 AD)
achieved one of the greatest successes of all.timesher words, through
his work, he confirmed the results of Coperni¢{epler and Galileo. Thus
all the results (of Copernicus, Kepler, Galilea &dewton) formed the first
great synthesis of physical knowledge, which ispghmary aim of science.
This means that science aims to be le abto combine man
seestatetifacts, so as to be able to explain, pragid control nature.
Newton proposed a principle of gravitational rattion, and used it to
answer the questions posed by the works of GadifebKepler. The basic
ideas in the principle are ‘each object in the arse attracts all other bodies
to the centre of its form, and that if the masé one of the two attracting
bodies is doubled, the gravitational attractiaol also be doubled; but if
their distance apart is doubled, the force welldmly one-quarter (1/4) as
great’ (Arkady: 1977).
By using this theory, Newton was able to axpl the motion of the
planets round the sun, the familiar fall to thewyrd of fruit from trees, and
all other motions which we see on earth. The acyuoéd Newton'’s theory or
law proved to be amazing. With the help thfis theory, generations of
astronomers have been able to explain apekedict astronomical events
(Dampier: 1989). Do the words —theory and miediing a bell in your
mind? As we mentioned in unit 2 of module |, ‘Bvgood theory has a
predictive value’. Thus, Newton'’s theory is a gaozb.
Francis Bacon (1561 -1626 AD) is regardedsa the first personto
attempt toarrange the steps of the scientific oeeth a logical manner. He
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emphasised the roleof scientific discoveries iamdntions in giving man

mastery over the forces of nature.

At last, we have seen the true begmn of modern science. £
theaissance, science was still a branch of philogdput after that period, it

succeeded in finding its own method of observasiod experiment. Where

it is necessary, mathematical analysis is also.used

Exercise 2.1

1. State the Geocentric and Heliocentr ic theofé&ame the people who
proposed them.

2. What would you call the observation made bye&ojgus and Galileo?
What are the reasons for your answer?

3. confirmed the Heliocentric theory.
4. discovered the laws of planetary oot
5. The results of a)

C) and d)

formed the first great synthesis of physicabkiedge.

3.1.2 The classic ages of science (18th and 19thtades)

At the time of the scientific revolution, sciditiadvances were restricted
largely to physics, Astronomy and Chemistry (thigt to the say, physical
sciences). In the 18th and 19th centuries, furthevances were made in
Mathematics and Astronomy. One of the major adgarents in Chemistry
in the 18th century was the discovery of the rdlaioand gases generally in
chemical reactions. Such chemical reactions delrombustion (burning)
and respiration in organisms.

The person that can be called the ‘Newton of iy’ wasa man
named Antoine
Laurent L avoisier (1743 — 1794 AD) . He discoved that it was a gas,
which he named oxygen that enables combustion ifgdrn and respiration
to take place (Dampier: 1989; The New EncyclopaBdinnica: 1995).

As you might be aware, people of nowadays now italoe granted that
we need ‘air’ in order to breathe well. Try to inm@gwhat people that lived
before Lavoisier thought of an activity like burgiof things. They were not
able to explain why burning takes place in cerstimations and not others.
So you can appreciate the beauty of discoveriesrasetions.

The revolution in chemistry was both a revolutinomiethod as well as
in ideas. Lavoisier insisted that the central comecd the new chemistry was
the use of gravimetric method. This involves ipgyparticular attention to
the weight of the ingredients involved irhemical reactions and of the
products that result. He found from his experiteerthat the weight of the
products of combustion (burning), for instanagjas that of the original
ingredients. His discovery became known as theolfailie conservation of
mass (or matter).
The 19th century has been regarded as the bagioni the scientific age
because of many reasons. They include the folloiDampier: 1989):



There was very rapid growth of knowledge ouiratduring the period.

It was during this period that the view or igegople had of the natural
universe changed, by recognising that ‘man’ wag siject to the same
physical laws and processes as the world aroundTherefore ‘man’

should also be studied.

3. Itwas also realised that all the field of kieslge could use the scientific
method and not just pure science alone.

4. Again, within this century, peopletarsed carrying out scientific
investigations, with the sole objective of gainmgre knowledge. It was
understood that such investigators wereoved by their insatiable
curiosity concerning the unknown.

5. The knowledge obtained by investigators abavas used by applied
researchers to produce and invent things. Formpba in 1864, James
Clerk Maxwell, a British Physicist conducted resbatio determine the
relationship between heat and other forms of rggnéle expressed his
findings in mathematical formulas to design cars even rocket engine
that use fuel more efficiently.

6. Thus within this period, scientific researctd andustrial development
went hand in hand. This was unlike in former age&ken the need to
solve a problem led to inventions unless thosentiwas were produced
by accident.

You may have observed that the study of livinggdbkifBiology) had lagged

far behind chemistry and physics. This wascause people at that time

believed that organisms were too complex for thestudy. However, in

the 19th century, researchers interest shifted istronomy to geology and

from physics to biology. The major discoveries tfe 19th century include

the following:

1. The understanding that atoms and mabscuare the basic building
blocks of matter.

Does this statement remind you of anythingitlifioes, it means you
have been understanding the materials presentedHerprevious units.
In module I, unit 5, we learnt that, the early Gee#ried to find out what
matter was made of. Various answers were given asatater, divine
fire and atoms. It was Democritus that mentionedna. It was only in
the 19th century that John Dalton confirmed thanbDeritus was right.
Let’'s use water to illustrate. It is now known thater can be produced
by combining hydrogen atoms and oxygen atoms. @aaecombine

two atoms of hydrogen with one atom of oxygen, wet@roduced!

2. The understanding that cells are theicbdwiilding blocks of living

things. Although in 1665, R obert Hooke used himjiive microscope

to observe that plant materials have a cellularcstire (Dampier: 1989).

He only saw the outline of the cells and not whaswside. To say that

cells are the basic building blocks of livingnigs means that every

human being, other animals and plants are buiftamp cells. It is just

like building houses with blocks. Living things dreilt with cells.

N =
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3.

In  human beings also, the cells whichid reproduction are called
gametes. The gametes from fathers are called sperile those from

mothers are called eggs or ova. The combinatiortte# sperm of a man

and the egg from his wife brings pregnancy, whiltimately results in

bringing baby or babies into the world after nmenths of pregnancy.

Thisis what happens in all living things — wherthplants or animals.

That is why it is said that ‘cells are the buildibigcks of living things’.

The statement that ‘cells are the buildibipcks of living things s
called the cell theory. In unit 2of module, it was defined as an
phenomena. Scientists observed from experimentalhaing things

were composed of cells. They also observed thdt lkang thing was

built up by combining cells. So in 3B two scientists, Theodor
Schwann and Matthias Schleiden made thlgeneral statement or
proposed a theory that ‘cells are of universal o@nce and are the basic

building blocks of an organism and that cellmedrom pre-existing

cells’ (Roberts: 1971). This theory is one of thbedamental theories of

Biology.

Another fundamental theory of Biology proposethe 19th century was

the theory of Evolution. You can now observe tlogids that make up

this course are interconnected. You will recalt ihaunit 3 of module 1,

this Evolution was discussed.

Although there are many theories of oletiton, the one which the

scientific circle accepts is the theory of evimntby natural selection,

which was proposed by Charles Darwin in 1859. @sallarwin is also

called the ‘Newton of Biology’. This is because fpublication of his

theory led to an explosive growth of bmtml sciences - just as
Newton’s work stimulated in the physical sciences.

People started carrying out experiments here ase tleither to confir m

Darwin’s theory or to prove him wrong. Some peopére not prepared to
accept the ultimate indignity of having descendedifa bacterium, and of
sharing common ancestors with monkeys, apes amdvwewens. The theory
ignited an excitement in the scientific communhgithas not yet fully died.
People were then willingtoresearch on plaatsd animals, which they
thought were too complex to study.

Exercise 2.2
1. The Newton of Chemistry and Biology were
a) and b) respectively.
2. The basic building blocks of matter and livilhgngs are
a) and b)
—— respectively.
3.Inyear a) , two scientists b) and
C) proposed the cell theory.

4. State the cell theory.



4.0 Conclusion _
In this unit, you have learnt how #hewas a complete revolutic

geientific outlook from the late 15th century ondsrExperimental science
became independent of philosophy and religioru Nave also learnt that
the 18th and 19th centuries are called the clagges of science because of
the explosion in knowledge of nature that ocedirait that time. You will
also note that the explosion is still continuirig,you think about all those
stories about genetic engineering, chemical engimgecloning of animals,
etc. These will form part of our discussion in trext unit.

5.0 Sum mary
The main points in this unit include the following:
1Céhﬁfﬁvrv§/s. Ta'rﬁg%?epcg??ﬁ%e"r]lfgfnt'fgocqm[efﬁ(n:qe'a,tef%ghecen Fgwghy and religion emerged in the
16th and 17th centuries.
2. The first great change in scientific outlook waade by Nicolaus Copernicus (1473 —
1543). He disproved the Ptolemaic system or Qadcedheor y, which stated that ‘the
earth was the centre of the universe andaler heavenly bodies move roundit in
circles’. To Copernicus, the sun was the centretloé universe while the earth and other
heavenly bodies move roundit, ina uniforncaiar motion. This view is called the
Copernican world system or Heliocentric theory.
3. Copernicus got into trouble with the churckhauties who believed the Geocentric
theory. But it did not make him give up his theory.
4 The next personthat broughtthis changescientific outlook was Galileo (1564 —
1642). While Copernicus obtained his Meslby using simple observations anc
mathematics, Galileo added experiments to thosel@onvented a scientific instrument
of observation called the telescope. This insauoim enabled him to extend his sense of
sight and he saw clearly that the sun was at theecef the universe. Thus confirming
the theory of Copernicus. Galileo is thus callesldiscoverer of the true research method
of the physical sciences.
5. Johannes Kepler (1571 -1630) discovered Iws that govern movements of the
heavenly bodies. He was the first person to ap@ihematics as an empirical instrument
to discover these laws.
6. However, in spite of their results, Galileo a&pler could not answer why objects do
not fly off the earth, considering their submissdhat the earth revolves or moves round
the sun. Another question they couldn’t answeas twow it was possible for the earth,
which was suspended in empty space to go rounsuthevithout anything pushing it.
7. ltwas inthe year 1660 that these questiovexre answered by Isaac Newton (1642 —
1727 AD. He proposed a theory of gravitationdtragtion to answer these questions.
Gravitation is the force that pulls every objecthe universe towards ever y other object
in the universe. Therefore, the earth pulls ewdyect within it towards its centre so
that’s the reason they don't fly off the earth wiiemoves round the sun.
The sun also has a centre of gravitation, whidisphe earth, and all other heavenly
bodies round it.
8. Francis Bacon (1561 — 1626) was the first pevgom attempted to arrange the steps of
the scientific method in a logical manner.
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9. The classic ages of science were the 18th atidcEaturies. An explosion in growth of
knowledge of nature occurred at this time, esplyaialthe 19th century.

10 The explosion in Chemistr y was started by Argdiaurent Lavoisier (1743 — 1794).

He discovered that it was a gas, which he callggdien that enables combustion and
respiration totake place. He also introducdet gravimetric method of carrying out
research in Chemistry.

11. In the 19th centur y, there was a common wtdeding that atoms and molecules

were the basic building blocks of matter, and tedls are the basic building blocks of

living  things. This statement led to theormulation of the cell theory b
$abo@sn and Matthias Schleiden in 1839.Thdl teeory is one of the fundamental
theories of Biology.

12. Another fundamental theory of Biology is thedly of evolution by natural selection.

It was proposed by Charles Darwin in 1859.

Answers to exercises

Exercise 2.1

1. Geocentric theory states that the earsh the centre of the universe and
bderenly bodies move round it. It was proposedtbiery of Alexandria.

Heliocentric theory, on the other hand, statest tifie sun is the centre of the universe,

while the earth and other heavenly bodies movedain a uniform and circular motion.

It was proposed by Nicolaus Copernicus.

2. The observation made by Copernicus is calleectimbservation while that made by

Galileo is called indirect observation. Coperniags his naked eyes to view the heavens
while Galileo made use of the telescope.

3. Galileo

4. Johannes Kepler

5.a) Copernicus (b) Galileo (c) Kepler and (dwtn

Exercise 2.2

1 (a) Antoine Laurent Lavoisier (b) Charles Darwin

2. (a) atoms and molecules (b) cells

3.(a) 1839 (b) Theodor Schwann (c) Matthias Sdale

4. The cell theory states that ‘cells are of ursakoccurrence and are the basic building
blocks of an organism and that cells come fromegxisting cells’.

6.0 Tutor-marked assignm ent

1. With the aid of illustrations, compare th&eocentric and Heliocentric theories of
heavenly motion.

2. What are the contributions of Galileo,egler and Newton towards the change in
scientific outlook of the 16th and 17th centuries?

3. Why is the 19th century regarded as the begioirthe scientific age?
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1.0

2.0

3.1

Introduction _ _ _
In unit 2, we discussed how Westerrtierke became independent

Philosophy and Religion, and thus progressed tangnecedented degree. The

20th century scientific revolution will be discessin this unit. It is in this

century that science reached its zenith. Here witbwead about the ingenuity

of man — modern Homo sapiens - in using scierkifowledge to produce
products that are both useful and harmful to him.

After studying this unit, you are expected htwe achieved the objectives
listed below.

Objectives _
After  studying this unit, you should be able tothe following:

1. Discuss briefly how the discovery of x-ray dhd formulation of theory
of relativity redefined physics of the 20th century

Write a short note on the term ‘Biotechnology’;

Outline vividly with an illustration, the basiea in genetic engineering,
and

4. Write short notes on at least three electroairomunication devices.

w N

20th century scientific revolution

Since the end of the 19th century, greatamdegs have been made in our
knowledge of life and its manifestations. But teef ideas by which those
advances have been guided were formulated bef®@1. Mathematics and
Physics of the 20th century were characterised toyearevolution in thought.



While 20th century biology still followed the mdines laid down before the
century began (Damper: 1989).

Sir Francis Bacon (1561 —1626) expressediedief that with the
increase in knowledge of nature, man would sooa bmaster to nature. Thus,
with the explosion of knowledge in the 18th andhi&nturies, it seemed as if
Bacon’'s dream would soon be realised. Scienas wnoving ahead on all
fronts, reducing ignorance and producing new totdsmake the condition of
human beings better (The New Encyclopaedigamhica: 1995). But this
good news did not last long in physics, especHilthe beginning of the 20th
century. You will read about this in the next seuwti

3.1.1 Physical sciences _ _ _
Some discoveries in physics, which really led toua revolution are worthy

considering here. In December 1895, the Germasi€isy, Wilhelm Rontgen
discovered the xrays. X-rays, as you know are us@ospitals to destroy
cancerous cells, to look at bones, to check iy tre broken or dislocated,
especially after an accident. In industries, xhgtographs are used to reveal
hidden cracks in metal castings and weldedgoiXtrays are also used to
detect alterations, which have been made to arttsvor
The discover y of x-rays and radioactivity revealethe physicists that
the structure of the atom was not aample as they thought (Tt
Eeuwyclopaedia Britannica: 1995). There were otlbenmonents of the atom,
which  they didt know about such as electrons andtopso Thus,
thefinition of the atom ‘as the indivisible particd¢ matter’ had to change.
The most disturbing of all the upsetting resafts early 20th century
physics was the formulation of Theory of Relativiy Albert Einstein in 1905
(Dampier: 1989). When this theory was first pshdd, it was said that only
12 or so scientists could understand it! (Arkatly77). The theory redefined
physics, thus making classical Newtonian spty/ obsolete. According to
Newtonian physics, time, space, motion, etc wejeatlve properties; that is
to say, they exist on their own. But Einstein nateat the existence of motion,
for insance, could have meaning only when it isonsidered relative
smmething which is fixed. If you are sitting imepving train and look out
through the window, you will see things moving hyakly. That will make
you know you are in motion. But there’s maan sitting opposite you, and
relative to him, you are not moving at all.
That is the first basic part of Einstein’s thedfhie second basic part of
his theory said that the only absolute unchangurantjty in the universe was
the speed of light (Arkady: 1977). Because of theory, the very foundations
of physics threatened to crumble.
In spite of all these, it may interest you to knihat science in the 20th
century worked wonders. The new physics — relgtiguantum mechanics,
particle physics — may insult our common sendettanables physicists to
examine closely the minutest part of tteta (The New Encyclopaedia
Britannica: 1995).
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It may specially interest chemistry students tovknioat chemists of
the 20th century wused the new informatioabout atoms reported by th
physicists to improve their idea
about chemical bonds. This led to their producabmany new compounds.
They also developed a variety of plastics, synthidires such as nylon and
polyesters and synthetic rubber. It is good foru y@know that all the plastic
cups, plates basins, slippers etc whickere wuse in our homes, we
ploduced by using the new informationbowt atoms. Polyester nylon
stockings, shirts and dresses are pactithings made from the new
information about atoms. The chemists oaldeveloped drugs, food
preservatives and synthetic chemicals for use lic@ture.

It may also interest you to know that astronomy emsimology have
been transformed almost beyond recognition. THieause of the invention
of new instruments like radio telescopes,torgi laboratories, alunar and
planetary probe. In 1969, men walked on the moahuwemmanned landings
have been made on the planets — Mars and Ventig t070s. As a matter of
fact, the first men to walk on the moon were Amanié@stronauts called Neil
Armstrong and Edwin Aldrin. The first oman in space is Velenting
Tereshkova, and that was in 1963.

Exercise 3.1

1. The x-ray was discovered by (a) in ylear (b)

2. What did its discovery reveal to the physiéists

3. Albert Einstein formulated (a) thhgan the year
(b)

4. Improved knowledge of the chemical bonds erhblemists to produce
(a) (b) and (c)

3.1.2 Biotechnology

Modern biotechnology IS now recognised avne of the MOS
aepeltgmbents of the 20th century. Of the manyg a$diotechnology are test
tube babies, artificial insemination (in man anlkentanimals), gene cloning,
animal cloning etc. Biotechnology is not an acadedscipline like Biology
or Chemistry. It is not a product, utb a process (lwu: 1996
Motmimnology is multidisciplinary. This meanthat many disciplines are
involved in any biotechnological activity.They include microbiology,
biochemistry, genetics, plant and anim&liology, chemical and process
engineering.

Biotechnology is therefore defined as the techesquthat make use of
living organisms or parts of organismsclsuas cells, to make ¢
prodifigts, to improve plants and animals, or eeetbp microorganisms for
specific applications (Okonkwo: 1996). The aim aking these techniques is
to increase the production of goods and serviceth@éobenefit of mankind.



Some of the techniques of biotechnology are aevid!
1. cell and tissue culture technique;
2. fermentation technology;
3. cell fusion;
4. embryo transfer;
5. recombinant DNA (r DNA) technology (or geneditgineering).
Genetic engineering is the hard core ofotdwhnology. That is the
reason why many people mistakenly assume thagdhablogy means genetic
engineering (Okonkwo: 1996). Our emphasis in thien will be on
genetic engineering.

3.1.2.1 Genetic engineering _
Can you imagine a potato plant that makes plasticbacco plant that

glows in the dark or a truly tasty tomato frorhe tmarket (Moore et al:

1995)? All these products have already been madgebgtic engineering.

What is genetic engineering? It is the transfergdgnes from one organism

to another. A gene is the basic unit dieredity. Heredity is als
trensmission of characteristics from paento offspring through the
gametes. Does this remind you of anything? You doetall that in unit

3 of module 1, we discussed Darwin’'s theasyy evolution by natural
selection. Darwin was worried that his edhy could not explain how
favourable characteristics are passed on to tlsprifig from the parents.

Let's retrace our steps a little. You migktant to know the exact
function of a gene. Genes are responsible fall the characteristics of
living things. This means that there are genesoresiple for the colour of
the skin, the shape of the nose, height, floweswol in plants and so on.

So when it is said that genes are the basic uhitheredity, it means that

the genes for different character istics are whatransferred from parents

to offspring. If | tell you that | resemble my rher in height and if my

mother is tall, it means that my mother transfefred gene for tallness to

me through her gamete calledthe egg or Dwa.male gamete inthe
father is called sperm. Every human being is huglthrough the fusion of

a sperm and an egg. Whatever charactarisgarents pass on to their
children are contained in the genes found in bo¢hsperm and the eggs.

What happens in genetic engineering is this: yfu have a chicken
which lays only small eggs, but you will wantatdtart laying big eggs,
what you will do is this. Find a chicken that ldyg eggs, collect the gene
responsible for those big eggs (there arehnigues used for this) and
transfer them into your own chicken. Your cleickwill start laying big
eggs. An interesting fact here is that no mattegrelyou put a gene, it will
still perform that function assigned to it.

Genetic engineering was born in the 1980’s. Sihea tthe technique
has been applied in pharmacy, medicine, agriailiadustry, etc. In the
examples that began this section, the potato plant bacterial genes that
make polymers, which canbe used to makeddgrmdable plastics. In
other words, there are some bacteria that difécult to grow but they
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make small amounts of polymers (which can be isedake plastics).
The polymer genes were obtained from that bacserbput into another
bacteria that grows fast, while the second bactiled E. coli started
producing polymer s.

However, polymer production is still low. Scietsigre working hard
to see how to increase the quantity of polymeodpction (Raven et al:
1986). Would you be able to tell the advantagetbis? If the polymer
production is increased, it means that biodegradalhstics will now be
produced. They will therefore replace the petroleubased plastics which
remain in the environment for too long, therebysing pollution. The
implication is that the old plastic cups, buckéi@sins will not be lying
around the compound. They wil be degosed by decomposing
organisms.

Exercise 3.2
1. The disciplines involved in biotechnologicatigity include
a) b) C)
d)
2. Some of the techniques of biotechnology are
a) b) c)

d)
3. What is genetic engineering and in what yedrtdoegin?

Let's continue from where we stopped. e Wwere discussing the
application of genetic engineering techniguesdlving practical human
problems. In pharmaceuticals, some of the medgiaalportant proteins
now being produced include the following:

1. human insulin for the treatment of diabetes;

2. human interferon, a rare proteinthat insesa human resistance to
viral infection;

3. tissue plasminogen activator, a protein produmethe body in minute

amounts that causes blood clots to bissolts effectiveness in

preventing heart attacks and strokes is being esti;idi
4. atrial peptides, small proteins produced inttbarts of mammals that

regulate blood pressure and kidney function; tiealéy engineered

versions are being tested as possible new wayseat high blood

pressure and kidney failure (Raven et al: 1989).

In agriculture, applications of genetic geeering include the
following:

Herbicide resistance: soyabean, maize andcotton plants resistant
teerbicides have been produced. The presence alsweany form is a

source of concern to any farmer. In traditionai@agture, weeding of the

farm is done at intervals, and it isa tiresome activity. Ir
agidwdture, herbicides, which are chemicals, grayed on the farm. The
disadvantage is that some times both the plantyeurying to protect and



the weeds destroyed. Through genetic engineefingpecific crops, the
crops are now resistant to the herbicides. So tidds can now be sprayed
on fields harbouring such crops without any fears.
Insect resistance: There is a bacterium called bdlus thuringiesis. It
produces a toxin that kills insects fast. Throgghetic engineering, the
gene responsible for producing that toxiwas extracted from the
bacterium. It was then clonedinto tomatoesatoes, and tobacco and
some other plants. This resulted in the dpetion of the toxin by the
plants. Thus, whenever any insect larvae eatp&iance, the leaves of any
of the plants, the digestive process of ftimsect is interrupted and the
insect dies (Arntzen: 2000). The only problem herbat these results of
genetic engineering are being enjoyed mostlydomérs in Europe and
America.
There are other applications of genetic engingedm example is in
human cloning. This means producing offgp that are genetically
identical to the individual from whom a cell nucseuhas been obtained.
There are various reasons people give for wandmyp this. It involves
getting a cell from say ‘Mr John’. The cell is mpniated in certain ways
in the laboratory. After some time, an embryd stifirt developing from
that cell. The embryo is transferred back intdslesay ‘Mr John’s wife’.
After nine months, another ‘Mr John’, but now ibaby form of him will
be born. This is because the adult Mr John antabg Mr John will have
the same genes in their bodies. It is importarttytba take note of one fact
in this process. The new baby originated from aybmadl of Mr John and
not from the fusion of the sperm from Mr John &melegg from his wife.
Presently, there are laws, in the United Kingdomh smme other countries,
against human cloning. Bills have been passedthe US congress to
protect the cloning of humans.

Exercise 3.3
1. Match the items in ‘A’ with those in ‘B’ by fihg in the blank space
provided.
A B
human insulin (i) confers insect resistanc
human interferon (i) causes blodats to dissolve
tissue plasminogen activator (iii) diabetes
atrial peptides (iv) resistanceviml infections

Bacillus thuringensis (v)regulates ddb pressure and
kidney function

3.1.3 Transport and communication _ _ _
The 20th century has witnessed dramatic changesrrdvements in the

areas of transport and communication. Do you kntvat the aeroplane is
an invention of the 20th century? Imagine how peego lived before
that century coped without this fastest means tr@nsportation. It was in
1903, that two American bicycle makers called Qewand Wilbur Wright
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built the first petrol-engine aeroplane (Arkady7I%. It became the first
aeroplane not only to lift a person into the airt élso to fly successfully.
Since some other people before these Wright brethed tried to build a
flight machine but they were not successful, the brothers got the credit
for building the first aeroplane.
Aeroplanes with jet engines were built during ldte 1930’s by German
engineers. The first supersonic passengerlinair called the Concorde,
began flight services between Europe and the UiStates in 1976. These
are called supersonic jets because they travelal®ut 2,400kph, which
means that they exceed the speedof sounthdl@eroplanes, on the
other hand, travel at 800 to 1000 kilometre pemrhou

Do you know why the 20th century is called thecgpage? Although
men of the previous centuries studied th@anets and other heavenly
bodies from the earth with the aid of instrumeittis, the men of the 20th
century that actually decided to go to some of s¢hplanets and heavenly
bodies to see what they looked like. A 27-yead-Rlissian called Yuri
Gagarin was the first person to be in space. Hieat the earth for the
first time on 12th April 1961. He stayed in orlit .08 minutes. He was
called the Columbus of the interplanetary age. firseAmerican in space
is called Allan Shepard. These days, men and wanw&r the space and
return to earth like any normal journey. It willttze out of place to also
call the 20th century the age of communication. Woed is now a global
vilage as a result of development in th@angport and communication
industr y. The traditional electronic means obmmunication such as the
fax, the telephone, the radio, and television @@ commonplace devices,
despite the improvements made in some of tkeam. instance, cellular
telephones were introduced in 1979. They have maussible for people
to communicate without the restriction of telephtines and geographical
locations.

What about the telephone? Do vyou knoanything about its
development? It is one of the additional developmenthe 20th centur y
that made it possible to use single telephone hoeseveral simultaneous
transmissions. This line, for example, may transralile TV broadcasts
and phone calls simultaneously. Many Tstations in Nigeria both
government-owned and privately-owned now use déwce. The single
telephone line can also serve as a picturenghor video conferencing
device (kellerman: 1993). Picture phone or videoghis where the callers
pictures are transmitted along with their voidegas first introduced in
1964. CNN and BBC often use this technology foirtheoadcasts.

The first communication satellite called Echo §sdaunched by the
United States in 1960. A communicatioratellite is a transportatior
vehicle launched into space to transport existoighé  of communication
devices, such as camer as, radios, televisionlbt satellite enables the
communication devices to operate at a far greatstance and add vast
amounts of information to man’s knowledgéThe World Book
Encyclopedia: 1992). Therefore, communicationlke serve as relay



stations. They can relay several television prognasior many thousands
of telephone calls at once. Thus, if you indtadl necessary equipments,
you can turn your TV on and watch programmes famy TV station of
your choice. You can watch programmes from BBC, CNBllmark, etc,
by just sitting in your house. The TV stations einanged with the aid of a
remote control.

There is hardly any sector of human endeavourt ishaunaffected by
computer technology - homes, schools, varsities, military, police,
banks, medicine, agriculture, etc. Indeed, the adsrp revolution is total
and has completely replaced the industrial revotuaf the last 150 years
or so (Okwuosa: 1997). The first electronic digtiamputer was built in
1946, and was called ENIAC (ElectronitNumerical Integrator and
Computer). It was built by two US engineers ahlle Presper Eckert, Jr.
and John William Mauchly. In a subsequent unit, woliread about the
contributions of two great Nigerians to the compineustry.

Exercise 3.4
1. The first aeroplane to lift a person into tiveaad fly successfully was
built by a) and b) in
the year c) . The aeroplane had d) ——
engine.
2. a) ———  jets exceeds the speed of soundtaravels at b) ——

kilometres per hour (kph).
3. The first American and the first Russian incgpare a)

and b) ——— respectively.
4. Cellular phones were introduced in a) eal b) What is
the advantage of using them?
5. Picture phone otherwise called a) orb)
— was introduced in c) year. d) Whathet

characteristic feature of picture phone?

The Internetis another invention of the 20thtagy. It began in the
early 1970’s as a US Defense department netwoldccARPAnNet. What
then is an Internet? What is a network? A netwsr& group of connected
computers that allow people to share infdiom and equipment. The
Internet is a collection of various computer nmteg, linked together and
communicating by a common protocol known as TCP([Rransmission
Control  Protocol/Internet  Protocol. In ardefor your PC (personal
computer) to communicate with other computeragi3iCP/IP, you must
have the appropriate TCP/IP software installedi@operly configured.
When someone talks about being ‘on’ the Interbheteans that his/her
computer is connected to one of the interconnewtdaorks that make up
the Internet (Adibe: 2000).

Some of the facilities and services alhi Internet can provide
subscribers are as follows:
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Electronic mail (E-mail). The e-mail works just like a post office. Your e-
mail address provides all of the information regdito get an electronic
message to you from anywhere in the world. The ig+maa two distinct
advantages over regular mail. The first obviousaatlkge is speed. Instead

of several days or even weeks, your messageceah the other side of

the world in hours or even minutes. The other aatlge is that you can

use your e-mail address to access databases atitrries.

File Transfer Protocol (ftp). By using this, one ca copy a file from a
computer in New York to one in South Africa at aywkast speed.

Telnet. Many institutions of higher learning inadvanced countries have
made their library catalogues available fagarshing by anyone on the
Internet, through the telnet. Library cataloguegive information on the

books, journals, and periodicals, etc, thare available in a particular
library. Most universities in Nigeria stiluse the manual, that is, card

catalogue (Okoye: 1994).

In Nigeria, as you might be aware, oitompanies, banks, tertiary

institutions  of learning, many governmenbodies, have acquired
mainframe computers. Many individuals, businesgsmall and medium),
homes, now have computers. Computer science s tangght in primar vy,
secondary and tertiary institutions of learning ¢§d& 1994).

Satellite dishes can be found in a number of homaels, offices, etc
for the reception of broadcasts from foreignegalNITEL in conjunction
with  SIEMENS, the German contracting firmto NITEL s
thgitalise many of the telephone exchanges ireN#g Mobile telephone
services have been established in major citielsarcountry.

You can see that some building blocks that willldadigeria join the
information super highway are already in place. Yha country needs is
a well thought-out and integrated master plan tfoNational Information
Infrastructure (NII). This will try to provide sdiwns for current needs and

problems, but will be flexible enough toccammodate future changes

(Okoye: 1994).

Exercise 3.5
1. What is the Internet?
2. When someone talks about being “on” the Intenubat does it mean?

3. Some of the facilities and services providedhgyInternet include

a) b) and c)
4. The atomic bomb was dropped in two Japaneiss cit
a) b) and by the
C) , in the year d)
3.1.4 War

Science in the 20th century has also been a keigtiary in wars (negative
contributions). That is why many nations have noweeed into the race of
who will be the first with radar, with an atomiorbb or with a nuclear
submarine. The greatest problem facing man anddusystem today is



the possibility of a nuclear war. The nuclear paes of destruction such
as the atomic, hydrogen and neutron bombs havesieekpiled by both
developed and developing nations. Nuclear weapongeal, and could
put the humanrace outof existence withinveinkle of an eye. These
bombs derive their energy from the nucleus of atoms

Can you give an example of the use odmat bomb inthe 20th
century? You might have heard of Hiroshima andddagi. These were
the two Japanese cities leveled with atomic bominduhe Second World
War in 1945. The bombing was done by the Americ&hsy did this in
retaliation of the Japanese surprise attack o\therican fleet at the pearl
Harbour in 1941. As a result of this, the Ameriéaizona ship was sunk
with a loss of about 1000 navy (Ene: 2000).

The effect of atomic bomb is also devastating. Wéareatomic bomb
is released, the radioactive falloutor dustave radioactive particles or
iodines, chemical element of carbon, hydrogaonsum etc. These are
dangerous to health since they contaminate d¢bd, water, air and all
living things. They damage the Central ridas System, cells of the
intestine lining and bone marrow. Anaemigukiemia, cancers of the
breast and stomach are some of the results of datodabe bone marrow.

4.0 Conclusion
There has indeed been a scientific revolution the 20th century. This

revolution has touched all aspects of life sucindastries of all types —
pharmaceuticals, chemical, clothing, wood, medicate. Transportation

and communication have already shrunk the worldl anglobal village.

Even in wars, science has also been a key fadtenee the race to be the

first with radar, with an atomic bomb or with a frear submarine. So in

the 20th century, we have seen both the ingeamitlystupidity of man.

That is why philosophy of science is veryportant. Scientists do not
worry about planning, direction and guidancehiit activities. This is
why there is overpopulation, nuclear proliferatienvironmental abuses,

etc. Philosophers of the sciences pay close aitetd all these. They try

to rationalise most scientific inventionsand try to give directions to
scientific activities. Philosophy of science wi# kiscussed in detail in a
subsequent unit.

5.0 Summary
The main points in this unit are as follows:

1. The chief idea that guided the advancdsthe 20th century was
formulated before 1901.
2. Physics of the 20th century was characterigeal tbue revolution in
thought.
Discoveries that led to this revolution include:
(a) the discovery of x-rays by Wilhem Rdntgen §93.
(b) The formulation of theory of Relativity by AldeEinstein in 1905.

82



3. Chemists of the 20th century used the new inédion on the structure
of the atom reported by physicists tonprove their ideas abou
chemical bonds. This led to their production ohmnaew compounds
and products such as plastics, synthetic fibresryjon and polyester.

4. Astronomy and Cosmology were transformemimost beyond
recognition due to the inventions of new instemts such as radio
telescopes, orbiting laboratories etc.

5. The first men to walk on the moon were Neil Atrong and Edwin
Aldrin, while Velena Teres Kova in 1963 becameftist woman in
space.

6. Modern Biotechnology is now recognised as drtbe@most important
developments of the 20th century.

7. Biotechnology is not an academic igiste like Biology or
Chemistry. It is not a product, but a process. Mod&otechnology is
multidisciplinary. The disciplines include microlgy, biochemistry,
genetics, etc.

8. Techniques of Biotechnology include the follogi
(a) cell and tissue culture technique
(b) fermentation technology
(c) cell fusion
(d) embryo transfer
(e) recombinant DNA (or r DNA) technology (or g¢ic engineering)

9. Genetic Engineering, which is the hard corBiotechnology, started
in 1980.

10. It is the transfer of genes from one organismnother and the
technigue has applications in pharmacy,edigine, agriculture,
industr y, etc.

11. In pharmaceuticals, genetically- engineeredspns include, human
insulin human interferon, tissue plasminogen attivand atrial
peptides.

12. In Agriculture, genetic engineerings iused to confer herbicide

resistance to plants, such as soyabean and cd#ois.p

13. Genetic engineering is also used in human gpni

14. The 20th century also withessed dramatic cheaagd improvements
in the areas of transport and communication.

15. The first petrol-engined aeroplane was bnilt903 by Orville and
Wilbur Wright.

The plane became the first to lift gerson into the air an
fuccessfully.

16. The supersonic jet began service between EunoghdJnited States in
1976. It exceeds the speed of sound since it satedbout 2,400 kph.

17. The 20th century is also called the space age.

18. A 27-year -old Russian called Yuri Gagarin weesfirst person to be
in space. He orbited the earth for the first timel@th April 1961. He
stayed in orbit for 108 minutes. He was called t@®lumbus of the
interplanetary age.



19. The first American in space is Allan Shepard.
20. Cellular phones were introduced in 1979.
21. New developments in the telephone industry texv¢o the use of
single telephone lines for several simultaneoussirassions.
(@ It may transmit cable TV broadcastsnd phone calls
simultaneously.
(b) It may also serve as a picture phone or videferencing device.
22. Communication satellite is a transportationigdleHaunched into space
to transport existing forms of communication degicsuch as cameras,
radio, television etc. It enables the deviceperate at a far greater
distance and add a vast amount of information to’'sienowledge.
23.The Internet began in the early 1970’s. It ascollection of various
computer networks, linked together and commumgaly a common
protocol known as TCP/IP (that is Tramssion Control
Protocol/Internet Protocol). Some of the facitend services which
the Internet can provide include
(a) E-mail
(b) File Transfer Protocol (ftp)
(c) Telnet
24. Science in the 20th century has also been #okegtory in wars
(negative contribution), hence the race to beitisewith radar, with
an atomic bomb or with a nuclear submarine.

Answersto the exercises

Exercise 3.1

1. a) Wilhem Réntgen b) 1895

2. ltrevealed to the physicists that the strieefr the atom was not as
simple as they thought. There were other commtsneof the atom,

which they didn’t know about, such as the protoms the electrons.
Thus the definition of the atom had to change.

3. a) Relativity b) 1905
4. a) plastics b) synthetic fibers c) synthetichrer

Exercise 3.2

1. a) biochemistry b) microbiologyc) geneticpthnt and animal biology

2. a) cell andtissue -culture b) fermentatioh cell fusiond) embryo
transfer

3. lItis the transfer of genes from one organigrartother. It began in the
1980s.

Exercise 3.3
1. c,d, b, e a

Exercise 3.4
1. a) Wilbur Wright b) Orville Wright c) 1903 ghetrol
2. a) Supersonic b) 2,400
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6.0

7.0

3. a) Allan Shepard b) Yuri Gagarin

4. a) 1979 b) They make it possible for peapleommunicate without
the restriction of telephone lines and geographaztions.

5. a) Videoconferencing device b) videophoogp 1964 d) the callers
picture are transmitted along with their voices.

Exercise 3.5

1. The Internet is a collection of vasoucomputer networks, linked

together and communicating by a common protocoiknas TCP/IP
(Transmission Control Protocol/Internet Protocol).

2. It means his/her computer is connected toobriee Interconnected
networks that make up the Internet.

3. a) E-mail b) File Transfer Protocol (ftp) cgliet

4. a) Hiroshima b) Nagasaki c) Americans d) 1945

Tutor-marked assignments o
1. a) Mention two of the discoveries that ledrte revolution in thought

of the 20th century physics.
b) How did the discoveries influence physics & #0th century?
2. a) Define Biotechnology.
b) List 5 techniques of Biotechnology.
3. a) Whatis genetic engineering and in what g&hit begin?
b) How would you go about it to make your chickemhjch lays small
eggs, to start laying big ones?
4. Write short notes on the following items:
a) Communication satellites;
b) The Internet;
c) E-mail.
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1.0

2.0

Introduction N _ _
In unit 3, we discussed about the 20th centurynsifie revolution. Without

doubt, science reached its zenith at the¢ntury. However, most of the
advancements we discussed about had thamiigins in the European
countries and America. Itis then pertinentas&@ whereis Africa inthe
scheme of events? What have we contributed to letme? Have we ever

invented anything or explored something? If uyevould remember, these
guestions were partly answered unit 5 of moduletere we discussed the

origin of Western science in ancient times. Theoene evidence was given

to show that Western science owe a lot to Egyploh African country.

However, European and American historiaresprided blacks of the
knowledge of their early contributions tascience by ignoring or subtly
misrepresenting the black identity of the antieEgyptians. However the
discovery of a seminal black kingdom in the Ni&#ley, which predates the
Egyptian dynasties, has settled the question, anddor all, of the roots of
classical Egyptian culture and technology. In othierds, Egypt even owes
their culture and technology to a black kingdorhjch flourished before it
came into existence.

While going through these materials, a questiongmaulikely to ask is
‘How come Africa is in shambles if science anchtelogy really started
with it? You will find the answers as you read @oAs the topic of this unit
is the lost sciences of Africa, emphasis will lpetloe lost sciences in areas
outside of Egypt. Just an overview will be givd you are interested in
getting more details, you can consult the bookherréference page of this
unit.

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



(a) Describe briefly, the process of smeltingaur area and compare it
with that of the Haya people of Lake Victoria.
(b) Write a short note on Sirrius B.

3.1 The lost sciences of Africa

3.1.1 Introduction
Recently, archaeology has revealed the distinédgtures of a lost African
science, at least, in areas outside Egypt. Itliso @nly within recent years
that the discovery of a rudimentary blackingdom in the Nile valley,
predating the Egyptian dynasties, has settled tlestgpn, once and for all,
of all roots of classical Egyptian culture ardhnology. R ight from early
1980’s some evidence have been obtained ind¢leedi agricultural and
pastoral science, architecture, aeronauti@ngineering, mathematics,
mining, metallurgy, medicine, navigation ancygics. These astonishing
discoveries have shaken the whole worldyigicg some Africans, who
were not aware of the major contributions of blaickenodern technology.

Africans, just Ilike the Europeans, or siaghs, or Americans were
characterised by the slow spread of new techniqueschnologies from the
centres to the edges, or peripheries ofir tlavilisations. Thus, a skilled
African surgeon could for example, be performiniodge eye operation in
the city of Jenne inmiddle age Mali, whileertain villagers ina village
would be going blind with cataracts, a few hundmakes away, on the edge
of the same empire. This happens as &ultre of lack of the surgeon’
expertise.

It is necessary that you wunderstand t théhis phenomenon of
concentration of high technology ina centfguchas a scholar or priest
caste, trading post or royal capital) and itssesmce or slow spread to the
periphery (village or desert outposts or forestps the same all over the
world, before the industrial revolution. Thetfathat the world is now a
global village does not change this fact. If yoe tlss statement to compare
the present countries of the world, you would agina¢ the centres of high
technology (with their complex information wetrk) are concentrated in
powerful industrial countries (cities of the supawers). While at the edges
would be found whole countries or continents wiikt fragments of that
technology.

It is important to understand the above paragrépte are to understand
how science or technology may rise arfdll with civilisation. The
destruction of a centre could lead toe thalmost instant evaporation
disappearance of centuries of knowledge and teahskills. For instance, a
nuclear war could destroy the primargentres of twentieth century
technology ina matter of days. The survivora tlee periphery, although,
they would remember the aeroplanes, the televsgis etc, they would not
be able for centuries to reproduce that technology.

What do you think would follow? A dark age wouwlekrtainly follow.

Centuries afterwards, the technological brillianE¢éhe 20th century would
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seem dream-like and unreal. The saving egramuld be if archaeology
would begin to pick up the pieces. It is believiedttthis is what happened to

Africa, although not in the same way. The catastiopffect has been the

low technological know-how of Africans of todaynéther traumatic effect

visited on Africa was the slave trade, ickh lasted for centuries. Vas
populations  were uprooted and displaced, whginerations disappeared,
family network disintegrated, the threads of cudtand historical continuity

were severed. Therefore, one would have to thirtkwof‘continents’ Africa:

the one before and the one after the loddwist. Five centuries later,
archaeologists, digging among the ruins, bedanpick up some of the
pieces.

3.1.2 Metallurgy
In 1978, an anthropology professor called Petentidihand a professor of
engineering called Donald Avery, both ofhem lecturers at Brown
University, in  USA, announced that between 1,580d 2,000 years ago,
Africans who lived on the western shores of
Lake Victoria, in Tanzania, had produced carboalsihat is steel? It is a
malleable mixture of iron and carbon elementss lised in producing tools,
weapons, etc. For example, the Ajaokuta steemplex in Kogi State of
Nigeria is being built with the aim of supplyinrgw materials to the tool
industries.

According to Prof. Schmidt, the method the édns usedwas ‘pre-
heated forced draft furnaces’. He said that thénhoeetvas technologically
more  sophisticated than any developed iRurope until the mid
g¢ortury. He went on further to say atth To be able to sa
teahnokogically superior culture developed in A&rimore that 1,500 years
ago overthrows popular and scholarly ideas thdinelogical sophistication
developed in Europe but not in Africa’.

How did he obtain this information? Peter 18zt was an historical
anthropologist.
He was studying the history of the Haya people wbw live on the shores
of Lake Victoria. In the course of his work, tHaya people told him that
one of their ancient kings had climbed dlap of iron to ascend to the
heavens. He was shown the site of this ‘shrineeetr He carried
autheological investigations there and confirmedhat the elders had told
him, that this was a site onwhich stedlad been produced as long e
2,000years ago.

Schmidt, who saw some similarities between thaestdre was told and
his archaeological findings, did not undemst exactly how they fit. He
therefore enlisted the help of a metallurgist, Dd@avery. They decided to
find out if these descendents of the ancient srmelters would be able to
construct a traditional iron furnace and produoe fragments. Their main
am was to compare the iron they wouptoduce with the one
theavated. Their criteria for comparison were terapge in the furnace and
structure of iron fragments (in the form of crysjal



In 1976 again, Schmidt was able to discover a gaodupacksmiths and
other old men who had smelted iron in theditianal way during their
youth, some fifty to sixty years ago. Heersuaded them to construct &
traditional furnace. This is shown in figures 2rR12.4.

Fig. 2.3 Tuyeres

Fip. 24 A H.Elj'a iron amelting forouee |
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The results of the experiment showed that tempersiin the blast zone
of the furnace exceeded 18000 C (3,2750 F). was200—4000 C higher
than temperatures observed during smelting exgertisrbased on European
archaeological evidence. They also observdtht the Haya people
introduced a process in their smelting that wayg weeiginal and in advance
of their time. They made the steel throughftimmation of iron crystals
rather than by ‘the sintering of lido particles as found i
Ewelpegh Avery commented that ‘this is really sesanductor technology —
the growing of crystals — not iron-smelting teclogpl.

Thus they concluded that two characiedast of the Haya smelting
process were unique: the preheating of the ait thredugh blowpipes so as
to increase the temperatur e, and the formatioroofcrystals rather than by
‘the sintering of fine, solid particles as donéeropean smelting’.

You can now see how archaeological evidence coectlaith the oral
histor y of the Haya and the oral history had beassed down without major
alterations for 2000 vyears. This techgplo was not confined t
Vateria.  Further investigations showed tthahere was a widespread
distribution of early Iron Age industrial sites\est Lake and neighbouring
areas, such as Rwanda and Uganda. The nature iofitistry also indicates
that these Africans lived in densely populatetiess, with an organised,
highly cooperative labour force.

Exercise4.1
1. In 1978, a) and b)
— announced that between c) to d)
years ago, Africans who lived on the Westdrares of Lake
Victoria in e) had produced carbonedte
2. Two characteristics of the Haya smglt process are a)
b)

3.1.3 Astronomy

In units 4 and 5 of modulel, we discussed aboues@&yularities in nature
such as the rising and setting of the sun, whathoide with day and night,
seasonal cycles, planting cycles etc. From unit fgairticular, we learnt that
the ancient Egyptians used the cyclic appearant®eahoon to invent the
calendar. Their initial aim was to know whdn plant their crops. This
correlation of the cyclic movement of thenswith certain festivals and
planting seasons is also common in today’sicAf{Could you think of
some examples of festivals, which takelace in your area wit
gpearance of some heavenly bodies? In igbolaawd, yam festival is one
of such. Find out other examples from your area).
It has been reported that in an attemptto &ited for their festivals,
rituals, optimum planting and harvest times, thg@opeople of Mali in
West Africa acquired an extremely complex knowledfAstronomy. Their
knowledge of the heavenly bodies, when it was akadk sent shock waves
throughout the scientific world. In orderto make their calend:
more



accurate, the astronomer priests of many Africamlias, such as the Dogon
of Mali incorporated the rising and setting of e@rntstars or groups of stars
into their various calendars. One of the starsoirtgmt to them was ‘Sirius’,

the Dbrightest star in the sky. Many tesspl and even streets throughou

Mexico and in Egypt are aligned to the rising afl&.

But for the Dogon, the most sacred of their 700y tradition do not
revolve around Sirius, but to its small and incb&ddense companion star
called ‘Sirius B'. Sirius B (see fig. 4) cannot $&en with the naked eye.
Therefore, the Dogon’s extensive knowledgaf heavenly bodies,
particularly this invisible star, is a mystery tlmas sent shock waves around
the scientific world.

It will interest you to know that this informati was revealed by two
French anthropologists called Marcel Griaule andhiaéne Dieterlen. They
studied the Dogon very closely and over a caraigle period of time -
from 1931to 1956. For awhole generationyiheed and worked with
these people, looked at and listened to everythimhwrote down all they
could find out. The Dogon loved them so much thaytinitiated them into
the tribe. Despite the intimacy, Griaule and Dieteihad to go through the
Dogon’s system of education in order to learnsberets of the universe

from them. At firstt Griaule and Dieml received the ‘words

feedee’ (simple knowledge), then the ‘word on theesj then the ‘word from
behind’. It was only in 1947, sixteen years latattthe elders decided that

they were ready toreceive ‘the clear wordhich was the abstract and

esoteric knowledge. It was at this time that ytbeuld learn the Dogon’s
most sacred knowledge, which consisted of: thesa@dn of the nature of
creation, the creation of stars and spiralingxjafa the creation of plants,
and the purpose of human existence.

Yet according to these French anthropologistsey t had only reached

‘the slight acquaintance’ level, which was eorof the levels of the eight-

level, ‘clear word’ phase of knowledge. The suany of know what they

learnt are as follows:

1. Although Sirius B is invisible, it's the moshportant star in the sky. It is
the egg of the world.

2. It has an elliptical orbit around Sirius A thakes 50 years to complete.
Modern science confirms this orbit.

3. The Dogon drew a diagram showing the coursdrafettory of this star
up to the year 1990. Modern astronomical projesctiare identical with
this. The diagrams are shown below.

4. The Dogon stated that this tiny star was cormpad a metal, which was
brighter than iron, and that if all men on earttreva single lifting force,
they could not move it. Modern science confirmg thes is the nature of

that type of star usually called ‘a hitg dwarf. This type

atapording to modern science is so compacted thatass may be many
times greater than a star, which appears many tigeer.

5. But the Dogon went even farther than that @irthobservation about this
star, beyond what modern science knows. They d@sitan orbit of one
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year around its own axis. They were so certaintois that they held a

special celebration called the bado celelmatio honour

Modern science has not vyet been alie confirm
observation.

that orbit.
or deny

this



Fig 2.7 Dogon tribal dlagram
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Fig. 2.4 Mudeem ostratmdes] disgram

To provide such details about something that timdymost advanced
observatories can detect today, and to have daead of them, is what
sent shock waves throughout the scientific world.

To show the profound contempt for African scieatdapabilities, which
stil dominates world scholarship, Europeaar (Eurocentric) scientists
believed the Dogon obtained this knowledge frothezi spacemen, Jesuit
priests or European travellers. However, Huntermslalll of the Argonne
National Laboratory believes the Dogon people;ssitne Sirius traditions
among them had been on for up to 700 years. Herodd that other black
people also have the Sirius traditions in theiturel.

Archaeologists have excavated a wooden mask dhiedKanaga. It is
used by the Dogon to celebrate theSirius-related Sigui ceremonies
Archaeological methods of giving dates to objastisw that the mask dates
back to the 13th century, which indicates the @ug preoccupation with
this star for at least 700 years.

A source of concern to Eurocentric stg#s is that the Dogon
apparently did not use either Westerechmology or its scientific
methodology to  obtain  their  results. Ilthas  been reported th
genem is a research without illuminationhafl eastern societies such as
those of India and Africa do not have this probldimis is because there are
no distinct separations between sciencad areligion, philosophy and
psychology, history and mythology. All of these aifewed as one reality
and are closely blended into the structure of dd#y You will recall that in
unit 1 of module 1, we discussed how the vari@ismgific disciplines are
now trying to unite. Examples given include phybagmistry, biophysics,
biochemistry etc.



Thus, Hunter Adams Il believed that early Afmcscience used both
intuitive and empirical methods to make ithediscoveries. He therefore
emphasised that modern science should be revoisgidty combining both
methods in scientific research.

Exercise 4.2
1. The brightest star in the sky is el a) . The
Dogon’s 700-yearold traditions centre on a stdedd)

2. Where can the Dogon people be found?

3. a) and b) studied
the Dogon people over a considerable period ofe fiom c)
to d)
4. The Dogon’s system of education compriseslef/8ls, the first four of
which are a) b)
C) d)

5. Mention two astronomical observations, whiok Bogon made and
which science has confirmed.

Griaule and Dieterlen learned much more fromme Dogon people.
They were told that the moon is dry and dead, dikked blood and that it
turns like a conical spiral around the earth. Madseience confirms that
the moon revolves round the earth. mThethief instructor called
Ongnonlou, drew inthe sand a picture of thagiaSaturn showing its
rings and told them that those rings are permarefact which modern
science confirms. They were further informed thatearth is in the Milky
Way Galaxy and that the Milky Way has a spiralainee. Modern science
confirms this. They were also told that there arénéinite number of stars
and spiralling worlds. Modern science also confiths.
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Fig 2,10 T heliacal msing of Sirios

4.0 Conclusion _ _ _
This unit has given incontrovertible evidence Wfitcans outside Egypt also

originated the sciences of Metallurgy and Astrono8y it can be concluded
that civilisation really started in Africa.

5.0 Summary
The main points in this unit are as follows:

1.

F).
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In 1978, Peter Schmidt and Donald Avery ladthBrown University,
USA, announced that between 1,500 — 2,000 yearsAdgocans who lived
on the western shores of Lake Victoria in Tanzéaid produced carbon
steel.

The Haya people are the present occupantdefwéestern shores of Lake
Victoria.

Peter Schmidt excavated iron crystals fromsiteewhere the Haya people
said that one of their ancient kings had climbgillar of iron to ascend to
the heavens.

He persuaded some Haya blacksmiths to carrg satelting experiment.
The results showed that temperatures in thastblzone of the furnace
exceeded 1800 oC (3,275 0
Thus was 200—400° C higher than temperaturssrebd during smelting
experiments based on European archeological eveddiime Haya people
achieved this by preheating of the air draft thtobtpwpipes.



5. The Haya people introduced a processhamt smelting that was very
original and in advance of their time. They matiee steel through the
formation of iron crystals rather than by ‘simberof solid particles’ as
found in European smelting.

6. The Dogon people of Mali incorporated the gsamd setting of certain
stars or groups of stars into their varioudemdar. One of the stars of
importance was the star called ‘Sirius’. It is treghtest star in the sky.

7. But for the Dogon, the most sacred of their-yé@r-old traditions do not
revolve around Sirius but to its companion knowrfSasus B’. This star
is not visible to the naked eye.

8. The Dogon’s extensive knowledge of theavenly bodies, especially
‘Sirius B’ sent shock waves around the scientifarha.

9. Two French anthropologists called Marcel Geaahd Germaine Dieterlen
were the people that revealed this informationhen@ogon people.

10. They studied the Dogon people form 1931 to 95&ir ambition was to
fully understand the Dogon especially their religio

11. They had to pass through the Dogon systemuafagn before they could
learn anything from them. Their education lastedl® years.

12. From the Dogon, they learnt that although (&’ is invisible, it's the
most important star in the sky, and that it hasléptical orbit around
Sirius A, which takes 50 years to complete.

13. They drew a diagram showing the course anédi@jy of this star up into
the year 1990; they say that this tiny star is coseg of a metal brighter

than iron and that if all men on earth were algitiffing force they

could not move it. Modern scientists davconfirmed all these

observations.

14. They also made an observation which modermseibas not been able to
confirm, that ‘Sirius B’ has an orbit of one yeaoand its own axis.

Answersto the exercises

Exercise4.1

1. a) Peter Schmidt b) Donald Aver y c) 1,50@}X@000years e) Tanzania

2. a) the preheating of the air draft throughwidipes so as to increase the
temperature.

b) the formation of iron crystals rather than'tye sintering of fine, solid
particles as done in European smelting’.

Exercise 4.2

1 a) ‘Sirius’ b) Sirius ‘B’

2. Maliin West Africa

3. a) Marcel Griaule b) Germaine Dieterlen c) 183d) 1956

4. a) the word at face value b) the word on tte s

c) the word from behind d) the clear word

5. a) Sirius B has an elliptical orbit aroundi®&rA which takes 50 years to
complete.
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b) the Dogon drew a diagram showing the courserafectory of this star up
unto the year 1990.

6.0 Tutor-marked assignment

7.0

1. Visit local blacksmith in your area. With thel of a diagram, describe
briefly their process of smelting. Compar e it witlat of the Haya people
of Lake Victoria.

2. Write a short note on ‘Sirius B’

References and f urther reading
The materials in this unit were adopted from:

Sertima, . V. (1992) (ed.) Blacks irfScience: Ancient and
Transaction Books, New Brunswick.

Modern,



Module 2 Unit 5: The lost sciences of Africa-— 2An overview
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Introduction
In unit 4, we discussed about the first part ofltdst science of Africa. Some
evidence were given to show that Metallurgy and@simy also originated
in Africa in areas outside Egypt. This unit iscamtinuation of unit 4. The
materials in this unit will give evidence that imatatics also originated in
Africa, in areas outside of Egypt. Special empghadll be on the Yoruba
number system. We shall also consider tlwidence given for Africa’s
claims to the origination of medicine. t&f studying this unit, yol
arpected to have achieved the objectives listeobel

Objectives _ _ o
After studying this unit, you should be able: wwite, in not more than 2

pages, short notes on pieces of evidence of thefuseumbers in Africa, and

show with examples, that the African aditional doctor had much
knowledge of anatomy and physiology and also &mmehtal public health
principles.

3.1 Mathematics _ o _
The tendency to deny an African astromaini science is because su

accurate observations over long periods oliev the most precise record
keeping. That means a capacity to measure condd&nces and times, to
calculate orbits, azimuths and convergences. Tdikt for mathematics and
not just the simple hand count of one, two, thede,
Among the earliest evidence of the use of numhbesdrica, is a carved
bone discoveredat the fishing site of Ishango drelledward. Lake Edward
is in Zaire, Democratic Republic of the Congaldtes back to the period
between 9000BC and 6500BC. The discoverer offtiifa called Dr Jean
de Heinzelin, suggested it may have been useddiagraving or writing. He
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was particularly intrigued by the markings on tloaé. This is illustrated by

the diagram below:

]
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From Dr

Heinzelin’s observations, there are tlsegarate columns in the

bone, with each consisting of sets of V-shapedtifications (or notches)

in distinct columas hfour

thirteen,

arranged
eleven,

patterns. One

groups
seventeen and nineteen notEhes the knowledge of

composed

mathematics, these are the prime numbers betweemtetwenty. What do
we mean by prime numbers? They are numbers, whichat be divided, by

any other number except by themselves and one (1).

In another column, the groups consist of eletwanty-one, nineteen
and nine notches in that order. The pattern hegdbea0 + 1, 20 + 1, 20 —
1, and 10 — 1. The third column has the notchesged in eight groups in
the following order: 3, 6, 4, 8, 10, 5, 5, 7. TBéand ‘6’ are close together,
followed by a space, then the ‘4’ and ‘8’, alsosd together, then another

space, followed by 10 and two 5’s. To Dr

Heinzelinis arrangement seems

to be related to the operation of doubling. Hecbashed that the bone may
have been the artifact of a people who used a nundystem based on ten

and

who

were

also

familiar

with

primenumbers

and

of

the

operatic

dfiplication. However, to Dr

Marshack, who alsoraised the notches, it

was used as a lunar calendar.

Mathematics develops according to a need.alf situation calls

for a
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simple count of objects, a people will developrae set of numbers. If

their cultural demands are
more complex, a more complex
Yoruba people of Nigeria belong to the latter group

3.1.1 The Yoruba number system

mathematisystem  will

evolve.

The Yoruba people are one of the tribes in Nigenna can be found in the
Western part of the country. The map of NigeriWweshows where they

can be found.

The
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They have been urbanised farmers and traders mburees. They have a
complex number system. The mathematician danm@mnant calls it ‘the
most peculiar number scales in existence’. He tgitlone has to be really
bright at mathematics to handle the Yoruba oftds a system based on
twenty, of which there are many examples in wegiétna.

The unusual feature of the system is that it reliesubtraction to a very
high degree. To the Yoruba person, it seems pérfieatural and he uses it
with the same ease with which a European writ&s (ten minus one) for
nine in Roman numerals. In a study of the Yombaerals, it has been
stated that the numerals give evidence that thelt®have the capacity for
abstract reasoning. This is the reason why tbeydchave developed and
learned such a system. The Yoruba express foxtg; for example, as ‘five
from ten from three twenties’. In symbolic formgtwritten as: 45 = (20 x 3)
-10-5

One hundred and s ix is expressed as ‘four franirtam six twenties.
Symbolically, it is written as 106= (20 x 6) —40This is quite a feat of
arithmetic involving addition, subtraction and niplitation to express just

one number. A summary of the system is as follows:

1. From one to ten, different terms are used. kample the numbers:
1 = ookan 6= eefa

2= eeji 7=eeje
3 =eeta 8=eejo

4= eerin 9=eesan
5= aarun-un 10=eewa

2. Different terms are also used for 20, 30, 20D 400. For example,
20 = ogun, 30 =ogbon, 200 =igba, 400 = irinwo

3. The rest of the numbers are multiples and comg®u~or example,

102



11= ookan laa (laa from le ewa meaning in additeoten)
12= eegji laa

13= eeta laa

14= eerin laa

4. 15 to 20 are ascertained as follows:

15= eedogun (from arun din ogun meaning 20 les fiv
16= eerin din logun (meaning 20 less four) (20 — 4)
17= eeta din logun (meaning 20 less three) (20 — 3)
18= eegji din logun (meaning 20 less two) (20 — 2)

19= ookan din logun (meaning 20 less one) (20 — 1)

20=ogun
Exercise5.1
1. Among the earliest evidence of the use of numiveAfrica is a a) —
discovered at the fishing site of b) on
Lake Edward. It was discovered by c)
2. The Yoruba have a a) number systampéculiar
feature is that it relies on b) to a véngh degree.

If you didn't get all the answers correctly, gt be disturbed. With
practice, you will understand the system. Now letatinue.

3. From 21 to 24 are ascertained as follows:
21= ookan le logun (meaning one on twenty = 20 + 1)
22= eeji le logun (meaning two on twenty = 20 + 2)
23= eeta le logun (meaning three on twenty = 20 + 3
24= eerin le logun (meaning four on twenty = 20)+ 4

4. 25to 30 are ascertained as follows:

25= eedogbon ( or arun din ogbon meaning (30 higytless five)
26= eerin din logbon (meaning 30 less four (30)- 4)
27= eeta din logbon (meaning 30 less three (30 — 3)
28= eeji din logbon (meaning 30 less two, (30 — 2)
29= ookan din logbon (meaning 30 less one, (30 — 1)
Then 30 = ogbon. This is the procedure for obiayrall figures that are
in tens.

5. The multiples of 20 are obtained as follows:
40 = ogoji ( a shortened form of ogun meji, megrtivo twenties or
twenty in two ways)
60=ogota ( a shortened form of ogun meta, meahirag twenties or
twenty in three ways, that is 3 x 20)
80= ogorin ( a shortened form of ogun merin, megrmour twenties or
twenty in four ways, that is 4 x 20)
100= ogorun-un ( ashortened form of ogun manu meaning five
twenties or twenty in five ways , that is 20 x 5)
This is continued up to ten twenties, that is 200en the new word igba
is used.

6. The intermediate numbers such as ‘50’ are pbthas follows:
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Table
Table

50= aadota [ (20 x 3) — 10] this is expressedxy &ss ten.
70=aadorin [(20 x 4) —10] This is expressed abtgitgss ten.

Let us summarise what we have discussed so far.
Sum mary: We have seen that with numbers that go biens, five is used as
the intermediate figure, that is five less thamlext higher stage. In those
by 20, ten is used as the intermediate.

The constructions for unit fractions are:

ebu = fraction

idaji = one half (divide into two)

idameta = one-third (divide into three)

idamerin = one-fourth

idamarun-un = one-fifth, etc

Doublings are constructed as follows:,

ilopomeji = two time or doubling
The constructions for powers of a base are:

Erin lona meji = 42

Erin lona meta = 43

Erin lona merin = 44

The following tables summarise what we have besoudising:

Table 1 shows the words for the first tembers inthe four principal
applications, that is, in the four ways they aredis

1: Yoruba numerals from one to ten
2: Names of the numbers for the countingeseand their derivations

Cardinal Counting Adjectival Ordinal

1

akoko
2.

3
4
5
6.
7
8
9
1

ookan ookan = eni kan ekini nkmini =

eji eeji meji ekeji = ikeji

. eta eeta meta eketa = iketa

. erin eerin merin ekerin = ikerin

. arun aarun-un marun- un ekarun = ikarun-un
efa mefa mefa ekefa = ikefa

. eje eeje meje ekeje = ikeje

. ejo eejo mejo ekejo = ikejo

. esan eesan mesan ekesan = ikesan

0. ewa eewa mewaa elewaa - ikewa
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series,

Table 2 shows the names of the numbdmw the counting
thegivations.
TableZ-Y
1 ookan
2 eeji
3 eeta
4 eerin
5 aarun
6 eefa
7 eeje
8 eejo
9 eesan
10 eewaa
11 ookan laa (laa from le ewasi = in addiitio ten)
12 eeji laa
13 eeta laa
14 eerin laa
15 eedogun (from arun din ogun = five redfuiwventy)
16 eerin din logun (20 - 4)
17 eeta din logun (20 - 3)
35 aarun din logoji (five less than two hties = 20 x 2) - 5)
40 0goji (twenty in two ways)
50 aadota (20 x 3) - 10)
60 ogota
(3 x 20, or more literally, ‘twenty in three ways’)

100 ogorun = orun

(20 x 5)
105 aarun din laaadofa

(20x 6) - 10-5)
200 igba
300 oodunrun = oodun

(30 x (20 - 5)
315 orin din nirinwo odin marun-un (400 - (24@) - 5)
400 irinwo
2000 egbewa (200 x 10)
4000 egbaaji (2 x 2000)
20,000 egbaawaa (2000 x 10)
40,000 egbaawaa lona meji (ten 2000s in two ways)

1,000,000 egbeegberun (idiomatically 1000 x 1000)

Table 3: Analysis of Yoruba numerals from 35-54
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Table 3 - Analysis of Yoruba Numerals 35 - 54

Twenty ten unit
35 2
36 2
37 2
38 2 0 -1
39 2 00
40 2

41 2 01

42
43
44
45
46
47
48
49
50
51
52
53
54

WWWWWWWWwwwMNNN
1
o
1
N

1
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A WNEFO

only five do not involve subtraction at all, anddinumerals involve subtraction

in two columns.
The idea of infinity is expressed in the followigruba proverb ‘There is
nothing as numerous as the locusts; they are fathdme and in the farm’.
Although, some farms were as much as twerlgs from the towns in
which the farmers lived, the locusts covered evrpf foliage on the route.

3.1.1.1 Origin of the subtractive system

Early investigations concluded that the originthis complex system for
large numbers could be due to cowrie countirayiies are shells (shells
are hard outer case covering eggs, seeds amakm)i obtained from small
snail — like animals found in Indian Ocean.

They were used as money in Africa and South As@den days.

Cowrie counting was the earliest occasion thatireduhe Yoruba to count

in such large denominations. The procedure for re@ounting among the
Yoruba was as follows:

a. First, the bag of 20,000 shells, for exam@emptied on the floor.

b. The cowrie counter kneels or sits beside #apland rapidly draws

four groups, each group containing five shellasWill make a small pile

of twenty.
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c. Five twenties, that is twenty into five placass combined to make a
pile of one hundred; then two hundreds, thathsiradred into 2 places, are
combined to form the important unit of two hundred

Thus, the subtractive principle in the numerasgstem originated
because of the practice of counting cowries bgdiAlthough this method
of cowrie counting was widely used, only théoruba and a few others
formalised the procedure in this unique subtractiy&gem of counting. It is
important for you to know that mathelwat system is not always
recoverable. Itis also not always blessed wigttanical continuity like that
found among the Yoruba and a number of large Africammunities.

Other ways of knowing that a certain ancienugrof people had
mathematical knowledge include the following:
a. It may be hidden in architectural design forregke, as found in the

Granary of the Master of Pure Earth (among the bpgo
b. It may be in abstract patterns like that obtdiftern the combination of

two geometric operations suchas translatemd reflection on an
axis. This can be seen in decorations on bowlschtd of the Kuba of the

Congo.
c. It may be in measuring systems such as the iiddarass weights for

measuring gold dust currency among the Ashantehah@.

d. It may also be in the complex network games Sthengo children play or

in mathematical recreations, which are the delajimany Africans.
An example is the traditional game called oAylt is also knowna the
‘Warri Game’ and it often sharpens one’s mentabcity for calculations.
The Ayo game is very common in many Nigerian viagYou may wish to
find out how it is played in your village.

Exercise5.2

1. Give the Yoruba terms for the following numbers
@ 1= (b)2= (c) 3= (d)21= (e) 22=
(f) 23=

2. (a) was the earliest occasion that regfithe Yoruba to
count in large denominations.

3. When a mathematical system is not recoveratherevays of knowing
that certain group of people had mathematical kedgg include:

(@) (b) ( ©

3.1.2 Medicine
The numbering system is not the only thhg originated from

Africa. Medicine has its roots inthe contiherdt is important for us to
remember that Africa has been subjected to castwf almost continuous
political, social and cultural disruption. 80 many of our cultures rely
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heavily on oral transmission of knowledge, a lokebwledge has been lost.
Therefore, the state of traditional medicine todags not reflect the best of
what the traditional doctors knew. Surviving fragnseof eyewitness reports
of what we see in some of our villages indi¢htd they knew quite a lot.
There is an element of ritual and magic in somgcAh healing practices.
This has been highlighted so often to cause #ensheffect in flms and
books, and has resulted in hiding the serious 8fieesuperstructure of the
African medicine. You also may be aware that tradél medical practice is
intimately familiar with the psychic, social andltural inclinations of the
patients. The traditional African doctois, therefore, often an expert
psychotherapist, achieving results with his paiehat conventional western
psychotherapy cannot.

Western medicine is, however, gradually appt®n the use of
suggestion, hypnosis and the placebo, in additonternal and external
treatment, as the case may warrant. It is obvibatedvery profession has its
quacks, but western-trained doctors whaveh studied the traditional
medicine man agree that African doctoreave much knowledge ¢
theman body and anatomy. For example, an Africantado usually gives a
careful diagnosis, beginning with a history tiie disease, followed by a
thorough physical examination.

Africans are known to have many plant medicineduiging those
for abortion, for retarded labour, malaridever, rheumatism, neurotoxic
venoms, snakebite, intestinal parasites,in skulcers, tumours, catarrh,
convulsion, veneral disease, bronchitis, etc.
Most of the treatments for these are asecéffe as those being used in
western medicine.

Though there is no single pattern of medical pcadhat applies to
all of Africa, many of the essential features a tlarious traditional systems
are comparable and even identical. Amorige Mano of Liberia, for
example, all children’'s diseases, all tebks, all of the ‘everyday
complaints are handled by women, particularly tdery women; surgery,
bone setting and special diagnostic and thetapeproblems are handled
almost exclusively by men. This is the pattern teaeats itself throughout
Africa.

Most commentators have discredited theaditional doctor’'s

knowledge of anatomy and physiology. The Mano, h@rehave names for
most major organs and know the difference betwmemal and abnormal
anatomy. A Hausa manoeuver test for impotence éas tescribed:

An individual is stripped and placed on a mat lying on aiskbA pin or
thorn is lightly rubbed over the inside difis thigh. If the scrotum or
testicles do not move, the individual is considemepotent. There isa
physiological basis for this procedure.

The manoeuver in effect, tests the cetenz reflex. The
cremaster muscle contracts and pulls the testiclesrdpwastimulation
of the inside of the thigh. This passage counters theomittat African
doctors do not have a knowledge of some tleé body’s physiological
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processes. However, these interesting feaggn do not prove that
African doctors have a sophisticated amatal or physiological
knowledge. They show that they have a tgrealegree of knowledge,
perhaps in past ages, than has yet been recognised.

In some parts of Africa, traditional doctorare knownto understand
some fundamental public health principles. In Libethe Mano developed
an admirable quarantine system for smallpox. ™ese very well aware
that it was contagious and set aside a ‘sick bimstaffected patients. This
was situated far from the village and the patieas attended to by only one
person; no one else was allowed to approach tlze @he patient was put on
a careful diet. He was rubbed with topical anadstimeedications to prevent
scratching which could lead to super infection. Whwee patient go well, the
area was burned. The ‘sick bush’ apgmoawould do a modern
epidemiologist proud.

Another interesting factis the practice ofmallpox variolatin (that is
smallpox markings), which is carried out all ovéfrica. The practice is
centuries old. What is involved here is thatjmyan epidemic, material
from the pustule of a sick personis scratciéalthe skin of uninfected
persons with thorn. In some other casdwgret was noreaction and the
persons inoculated were protected against smallpox.

In some other cases, the inoculation would produceld, non-fatal form of

the disease. This would also confer permanent initjmon the individual It

iIs a noteworthy achievement that Africansad devised an effective
vaccination method against smallpox, centuridefore Jenner, who first
devised a vaccination against smallpox in the wasteuntries.

Exercise 5.3

1. Traditional medical practice is intimately fdiani with the a)
— (b and (c)
inclinations of the patient.

2. A quarantine system for smallpox was develdpethe
—— people of Liberia.

3. A smallpox patient was rubbed with (a) toprevent
scratching, which could lead to (b)

4. Smallpox vaccination involved (a) It was an
effective (b)) ——— method against smallpox.

In the area of surgery, the best evidenodicates that some African
surgeons attained a level of skill comparable,iarsbme respects superior,
to that of Western surgeons up to the 20th cenfust as in ancient Egypt,
the bonesetter guilds or associations ewerseparate from those
treditional doctors, and were well known for theskill. In many places in
Nigeria, you would find that these guilds are venych in operation. Many
accident victims for example, have more faitlth@m than in orthopaedic



hospitals. Mano bonesetters treated a patientamtiigh fracture by placing
him in the loft of a house. They allowed the aféecleg to dangle free with
a heavy stone attached. This was a very effeatagtion method. Once the
fracture was reduced, the leg was imhsaldl with a tight splint
addition, the patient was encouraged to exercisgctured leg. It is widely
known today that a new bone is laid down moredigmver the fractured
site, when there is some exercise of the limb.
The followingis an interesting story from Nigerit was reported
that a man who had his abdomen cut open by ahahpvas treated by a
traditional doctor in the following way. He taped the intestines inthe
abdominal cavity, secured them in place thwa calabash covering, and
finally sutured together the overlying abdominadall and skin. The man
soon recovered and went back to work.
A caesarean section (figs 2.13 & 2.14) performed Banyoro surgeon in
Uganda in 1879 is one of the most remarkable exasrgfl  African surgery
ever documented. It is an eyewitness account bissianary doctor called
Felkin. Quoting him:

The patientwas a healthy looking primipara s{fpregnancy) of about

twenty years of age. She lay on an indineed, with its head rested
against the side ofthe hut. She was half intd&tt with banana wine,

was quite naked and wastied down to the bdshhgs of bark cloth

over the thorax andthighs. Her ankles werdd hey a man .... While
another man stood on her right steadyigger abdomen....the surgeon
was standing on her left side holding the knife upwards antérmg an

incantation. He then washed his hands and phéent’'s abdomen first

with banana wine and then water. The surgeon made a quiokwards

from just above the pubis to just below the umbilicus segehe whole

abdominal wall and uterus so that amniotic fluid escapedeSyeeding

points in the abdominal wall were toedh with red-hot irons. The
surgeon completed the uterine incision, the tsgibelping by holding

up the sides of the abdominal wall with his hand and hookinditwers

into the uterus. The child was removed and the cord wa3toa child

was handed to an assistant.

The report went on to say that the surgeon squaeeeaterus until it
contracted. He dilated the cervix from inside with fingers (to allow post-
partum blood to escape)- He removed clots angl#eenta from the uterus
and then sparingly used red-hot irons to seablbeding points. A porous
mat was tightly secured over the wound and thiematurned over to the
edge of the bed to permit drainage of any remaifiuid.

The peritoneum, the abdominal wall and the skinevegrproximated back
together and secured with seven sharp spikeso®ypaste was applied over
the wound and a bandage of cloth was tightly wedpground it. Within six
days, all the spikes were removed. Felkin obsetiregatient for 11 days
and when he left, mother and child were alive apd.w

In Scotland, Lister had developed antiseptic syrgest two years
before the event described above. But universdiagion of his methods in
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the operating rooms of Europe took many years teeaksed. You will be
interested to know that caesarean sections in Euiwn were performed
only under the most desperate circumstances dgdmsave the life of the
infant. A caesarean section to save the lives otf lmother and child was
unheard of in Europe at that time. OAlsthere are no records
puatedure among the great civilisations of old.

The surgeon understood the sophisticated emiac of anaesthesia
and antiseptics. He also demonstrated advancgataltechnique. In his
sparing use of the cautery iron, for example,Henved that he knew tissue
damage could result from its overuse. The operatias without question a
landmark reflecting the best in African surgery.

It is good for you to know that, in Nigeria, in 1®7&he root bark of a
plant called Annona Senegalensis was found toggssstrong anti - cancer
properties. Even earlier, in 1969, herbal eparations that were used in
Nigeria to treat skin infections were fourtd have definite bactericidal
activity. This was against gram- positive baeteghe very organisms that
cause skin infections.

This section of the unit has attempted to shdvat the traditional
doctors of Africa had a high level of medical aunlgical skills from the
earliest times. They had much more than they haea lyiven credit for.

| . g R - B
Pie. .15 Mlustratinn from Dr RW. Telkin's deacription of the aseazeat ectufn. ) _




Fig. B.14 Mhuzteation of post-caeearesn sommed cjmuw Fram Felliin'a dosctiption: also knife uaad T the mesatean
. pgcticn dedcribad by Folldn . LETE .

Exercise 5.4

1. One of the most remarkable examples African surgery
documented was (a) ——  performed by a (b) ———+geaon
in Uganda in the year (c)——— It is an eyewsthe account by a
missionary doctor called (d)
2. The surgeon that performed the surgery stoled the sophisticated

concepts of (a) and (b)

4.0 Conclusion

In this unit, pieces of evidence to suppdhie fact that the sciences

mathematics and medicine also originated in Aficareas outside Egypt
were given. Thus, Africa’s claims have been vingida

5.0 Sum mary
The main points in this unit includes the following

1. Among the earliest evidence of the use of numiveAfrica is a carved
bone. It was discovered by Dr Jean de Heinzelthafishing site of
Ishango on Lake Edward, Democratic Republic of @ong

2. The Yorubas have a complex number system, whibhsed on twenty,
and the unusual feature of the system is thatigsren subtraction to a
ver y high degree.

3. Inthe system, in numbers that go by tens,ifiuesed as the intermediate
figure, that is, five less than the next highemgst In those that go by
twenty, ten is used as the intermediate.

4. The subtractive principle in the Yoaub number system originated

because of the practice of counting cowries bysfive
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5. When a mathematical system is not recoverakiher ways of knowing
that a people had mathematical knowledge includddtowing: it may
be hidden architectural design; it may be in alospatterns; it may be in
measuring systems and it may also be amptex network games
children play or in mathematical recreations sucktha Ayo game.
6. The state of traditional African medicine todies not reflect the best
of what the traditional doctors knew. This isdese of the fact that a
tremendous amount of knowledge has belst due to various
disruptions of its culture
7. There is an element of ritual andnagic in some Africar
heghiragrtices. This has been highlighted so often $ensational effect in
films and books with the result that it has hiddles serious scientific
superstructure to African medicine.
8. Africans have various plant medicines for mdisgases and conditions
such as abortion, retarded labour, snakebite etc.
9. Traditional doctors had much knowledge of amgtand physiology,
and understood some fundamental public health iptes; for example
the use of the quarantine system for smallpox.
10. They also developed a vaccination method agsimnallpox long before
Edward Jenner’s vaccination method became widedd,usnd also had
very early knowledge of psychotherapy, anass#h antiseptics and
surgical techniques.

Answers to the exercises

Exercise 5.1
1. (a) carved bone (b) Ishango (c) Dr Jean dezdédn

2. (a) complex (b) subtraction
Exercise 5.2
1. (a) 1= ookan (b) 2= eeji (c) 3= eeta
(d) 21= ookan le logun (e) 22= eeji le logun (fF23ta le logun

2. Cowrie counting

3. (a) from architectural designs (b)onfr abstract patterns (c) from
complex network games or in mathematical recreation

Exercise 5.3
1. (a) psychic (b) social (c) -cultural

2. The Mano

3. (a) topical anaesthetic medications (b) sugfection



4. (a) itinvolves collecting material from thastule of a sick person and
scratching it into the skin of uninfected persorihwa thorn
(b) Vaccination

Exercise 5.4

1. (a) Caesarean Section (b) Banyoro (c) 187¢étkin
2. (a) anaesthesia b) antiseptics

6.0 Tutor-marked assignment
1. Write short notes on

(a) the Ishango bone (b) the Yoruba number system
2. With examples, show that the African tiatial doctors had much
knowledge of

(a) anatomy and physiology (b) fundamental pulbéalth principles.

7.0 References and further reading _
The contents of this unit were adapted from: SextinV. (1992) (ed.) lacks
in Science: Ancient and Modern, Transaction Boblesy Brunswick.
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1.0 Introduction

We have entered a new module — module 3. Theuinstof our discussion

will be on science, technology and inventions.h@ fast unit of module 2,

we discussed about the lost sciences of Africad&we was given to show

that whatever we know todayto be scienceiginated in Africa. Since
science and technology can be likened to a pair id&ntical twins, it means

that technology also originated in Africa. You wilad about this as we go

along. This unit will also introduce you to thefdiences between science

and technology, their subdivisions and how ahrnetogy can be acquired.
After studying this unit, you are expected to hagaehieved the objectives

listed below.

2.0 Objectives
At the end of this unit, you should be able to lde fiollowing:

1. Mention at least five areas where saerand technology have had

impacts on the society,
Distinguish clearly between science and teamgl
Describe briefly the development of technology,

the nations of the world,
Classif y accurately science and technology,

List and briefly describe the methodof acquiring
advancement,

o0 pwb
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Outline vividly the importance of science, teglogy and inventions to
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7. Name and discuss some early modern contritaitmscience and
technology.
3.1 The impact of science and technology on society
Where do you live? In a village or in a town? Wivereyou may be living,
you are likely to see, hear, and touch or use uarabjects in the course of a
single day. Such objects include soamothipaste, broom, knife, safet
razors, hot water, telephones, cars, buses, tr@ijects in offices, factories,
homes, schools, restaurants and theatres. Iti@dth all these, you are
likely to touch and use such devices designedwte physical labour such as
tractors, those designed to help in momcation, entertainment,
transportation, high-speed computers and nmeic All these and many
more are called products of technology.
It is interesting to note that beforeeach of these produc
dewstped, a significant scientific discovery haeéito made. Each of these
examples demonstrates a symbolic relatipnstbetween science and
technology. For example, knowledge obtained fronsttientific disciplines
of mathematics and electronics were used to pedighspeed computers.
What other connections can you make between scemtéechnology?
Has technology had any effect on your lifestylighsider how it has
affected the way you eat, drink, travel, work, péand sleep. Think about
technology and environmental implications — how sarhthe products such
as cars cancause air pollution with the eghatumes. Also think about
technology and life and death — about how bab#ss born today and how
old people live before they die, as compared taradhed years ago. You
might now be aware that key influencem all these are scien
taaihnology. These have been the most potent féoceswcial change in the
histor y of man.

3.2 Definitions/distinctions between science anddenology
Inunit 1of module 1,various definitions dfcience were given. There,

science was defined as:
a. a body of knowledge such as chemistry, phybictpgy, etc,
b. a method or process of acquiring knowledge;
C. an institution.
Thus, science is both the process andce throduct of investigation an
research. The process involves research angrdideict is a setof ideas,
theories and principles, which make up the varilmgy of knowledge.
Technology is therefore defined as thapplication of scientific
knowledge and research, with the aim of developimglucts or processes
for the use of man. It consists of the prattimowledge of what can be
done and how. It is not a body of theoreticallyatetl laws and principles. It
is character ised by techniques, devices, procedprecesses and materials.
It is more of a collection of practical infoation that can be used to do
something.
Let’s consider an example from agriculture. A lacgep of vegetables is
in danger of destruction by insects. Agitioral scientists have already
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developed insecticides to be used to fight thectssdf a decision is taken to
spray the crops with the insecticide from an aeno@] that decision is made
by an agricultural engineer. He will takeéhealth, economic and
environmental factors into consideration in making decision. The actual
spraying is carried out by a technician. Thdbédan is a specialist who
knows how to load the insecticide, fly the pland apray the crops. All the
techniques, procedures and materials usedke up the technology o
insecticide spraying from an aeroplane.

It is important for you to know that in spite ohetseeming differences
between science and technology, they are ingipéihked or symbiotic.
This is because technology will be crippled andded, if not for the new
knowledge which science provides it.
Science, on the other hand, will not progress hmiicechnology does not
supply it with new instruments, new techngjueand new powers. Let's
illustrate  with the following examples. h& practice of photography
(technology) originated before the theorgf photographic process was
formulated (science). Photographic mater ials weaée by trial and error.
Up till about 1950's, the methods usemh manufacturing photographic
materials were a little advanced than the basense of the photographic
process. A point was reached however, nwh@rogress in photography
became slow. Progress was only accelerated vileepitysical chemistry
underlying the photography process was understood.

X-rays were discovered through scientific resleafdie knowledge of
these x-rays enabled the technologists to devel@y xnachines. These x-
ray machines, in turn, now help sciemti researchers to examin
forample, the arrangement of atoms inystals. So both science ar
technology go hand in hand. Do you still remembleo wiscovered x-rays?
Remember we discussed about it in module unitBadule 2.

Now let us consider what motivates scientistsd t@ehnologists. What
drives the scientist when he is acting as a sakeistihe longing to know and
understand. The key word here is curiosity. Thergist is curious to know
and understand nature. He is not betherabout application of his
knowledge. Other characteristics of the spiritrafuiry include:

a. a questioning of all things;

b. a search for data and for relations that direent meaning;
c. ademand for verification;

d. arespect for logic.

In other words, the principal activity of a sciesiis research.

What drives the technologist, on the other hanthasesire to translate
ideas and plans into concrete products or prose$ée key word is know—
how. His aim is to produce things and not torfatate theories about the
devices and techniques used in the processintipisrtant for you to know
that the ideas implemented by technologists areeteboth from science
and non-science areas.

The corresponding plans are often developed byneegs.



Exercise 1.0

1. Science is both the (a) and (b) ——————of
investigation and research.

2. Technology is characterised by (a)

(©) and (d)

3. Scientists are motivated by (a) while

technologists are motivated by (b)

o~
[0}
N

3.3 The beginning and importance of technology indman affairs
Technology is as old as man himself. In his desingrovide for his basic

needs of food, clothing and shelter, hedena and used tools (origin of
technology). With time, man not only sought to Sgthis needs but also his
wants. Technology also helped man to get what heatla These include
play, leisure, houses, exotic foods, tramglli faster communication with
others etc. Do you know that man’s earliest natiorals were his hands and
teeth? He graduated to stones, and then to stiezed to be used as tools.
As time went on, he developed tools of special $yjpebe used for hunting,
fishing and the making of clothes and shelters.
Man’s technical progress is believed to be gowtinetwo elements,
which are discover y and invention. A discoverg isew way of looking at
an old phenomenon.
Invention, however, is defined as a takenprocess in which variou
discoveries and observations are combined artkeduy experience into
some new tool or operation. In other words, expegeguides somebody to
make use of his various discoveries and observatipnoduce new tools or
operation. It is important for you to know that rhuexperience is needed to
lead to truly important inventions. This may be teason why the mater ial
progress of ancient man was very slow.
The next stage in the evolution of technologyhesdiscovery of fire. It
is the most important discovery of Stone Age mamulkled the fire to warm
himself and to prepare tastier food. Fire thenttethe birth of cooking and
subsequently to the invention of suitablkitchen utensils and cookin
methods such as baking, fr ying, steaming etc.
Can you imagine what it’s like to eat uncooked féddhe discovery of fire
was therefore a very important event.
Man later began to cultivate his own crops and reaimals for a more
regular supply of food. This ledtothe estslininent of communities. He
domesticated animals and developed agricultumadls. He made textiles,
produced pottery, invented the wheel artle sail to improve his
transportation. Man also learned to mine and etitietals such as copper
and iron. Technology thus made possible the beggnaf civilisation in
Egypt and Babylonia.

3.4 The importance of science, technology and inviééons today
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It may interest you to know that the factors fatinguish our age (20th
century upwards) from the past are: the reitimgn of the importance of
science and technology in human affairs, the irsgégace of scientific and
technological development, which makes ittpand parcel of our daily
living, and the realisation that science atethnology are not simply a
limited or local factor. It encompasseall men everywhere, and is
interrelated with nearly all-human endeavour.

The 20th century as we discussed in ung of module 2 ha
chaveeterised by rapid advances in science, téaotpand inventions (S T
& 1). We all feel the impact of them (S T& I) in pudaily lives as well as in
our social and political institutions. For instanmodern man has replaced
the heavenly implements and tools of pg@ man with tractors an
ploughs for tilling the soil. This represents gher level of technology. The
hydrogen bomb, nuclear weapons/missiles have reglde bow and arrow
technologies of the old eras. Even on the homd,flamusekeeping has been
happily made a lot easier for the housewives wighintroduction of labour
saving machines such as microwave and electricspwatuum cleaners etc.

Without doubt, the standard of living of a nataepends on S T and !
Developing nations such as Nigeria armther African countries, are
beginning to realise one essential difference betvikem and the so-called
developed nations. This is the fact that thesedld@ed) nations have been
able to create, master and use, modern S and §nfdans that S, T and |
form the foundations of modern existence.

A highly developed education and researdog@amme in the basic
sciences is needed by any country (including Nage that would want a
secure and stable society.
Knowledge of the basic sciences such as physickdy and chemistr y are
of indispensable value because it isrouph their research efforts
teahnological growth can take place. The stableespshould be one where
industrialisation, public health care, advancedcadjure etc can flourish.
Long- term progress is only possible if a perceataiggovernment funds are
used for teaching and research.

In the past, especially during the colonial er&, B did not feature in
the policy of the colonialists, and @gmlly not seen as &
meranism  that could contribute to tha@evelopment of the African
continent. Its recognition in today’s Africa is igrsficant step forward, even
though much still remains to be done to make STaad integral part of
national development strategy of African countries.

Exercise 1.1
1. Man'’s earliest natural tools were (a) ard (b)

2. Two elements that govern man’s technical @sgr are () ———

and (b)

3. Mention three factors that distinguish the 2&htury from the previous
centuries.




4. A stable society is characterised by many sheigong which are
(a) (b) and (c)

3.5 Subdivisions of science and technology o .
While scienceis usually subdivided into basciences and sciences and

sciences in application, technology is bdivided into classical low
technology and science-based high technology. &k discuss them one
after the other.

3.5.1 Science

(i) Basic sciences

These can also be called pure or fundamental sEsefitiey can be defined

as man’s systematic effort to understanthtural phenomena. The
investigator’s primar y aim here is to have full&nowledge or understanding

of the subject under study. They are not bothalemlit practical application

of the results obtained. These basic scienpks a fundamental role in
modern society. It is through deeper understandinmture that mankind

has learnt how to derive the greatest benefit fitominether for good or bad.

Basic sciences comprises of five subipises which are: physics,
chemistry, mathematics, biology and basic nadiciences. This is why
research and training for basic sciences are atedin the Universities or

in the research centres specially created forpipose.

(ii) Sciences in application
These are concerned primarily with applying theiitesof basic sciences to
practical uses. There are five areas of sciencapplication. They are:
medicines, health and population, energplicies, environment and
pollution, as wé as the earth sciences (including igation and
gukgorology, oceanography and seismology).

However, it is important for you to note that ras# and development
in applied sciences are carried out under the sigi@n of research councils
or by private industries. It is also worthoting that today, especiallyin
industries, basic and applied sciences work hamdund. Many conclusions
arising from basic sciences cannot beedestinless the applied scientis
discovers the means of testing. Conversely, bdfug applied scientist can
produce desirable new products, years tWasic research may fir
krguired. Thus, basic science is dependent onealpgtience, as much as
applied science is also dependent on basic science.
Another important thing for youtotake notd & that despite the large
technological contents of some of these areaspiegpscience, they are not
areas of manufacturing technology but of appliedrae.

3.5.2 Technology
As we have mentioned before, technology may dub-divided into two

groups, which are: classical low techgglo and science based high
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technology. The generic word ‘technology’ is usedehto refer to the whole

area of manufacturing technology. High chteology differs from low
technology because high expertise in thelevant basic sciences  (like
physics, chemistry, biology, mathematics, etcyisi@l. The materials used

in  high technology are minimal in bulk. sfu like basic versu
appiee®, the distinction between the two area$ technology that is low
versus high is often not clear. This is noticedipalarly when methods and

tools of high technology such as micropssoes are used in industrial
products of low technology.

Exercise 1.2

1. What is the primary aim of a basic scientist?
2. Four areas of sciences in application are (&)

(b) (c)
3. Research and training for basic sciences aréumed in the
(a) or (b)

(i%CIassicaI low technology
There are five sub-areas here and they are:dhdhnicals, fabrication of
iron, steel and other metals, designd ardabrication in (indigenous)
industries(for example, cotton, leather, odio food products, tobacco,
construction materials), petroleum technologiesyal$ as power generation
and transmission ( including heavy electrical indys

In these areas there are no new scientific lesi to be discovered.
However, designs, adaptation and modificati of products need to [
developed from time to time. These areas aree thtraditional area:
ofaftsmanship and skills. Thoroughness (in all elsgpef manufacture and
after service), beauty of design, theualdy of workmanship, cos
arhufacturing  competitiveness are  all-impdrta Do  you think  Nigeria
belongs to this area of technology? If you do ¢rgategorise the kinds of
industries in Nigeria, do theyfit into thevdi sub-areas of classical low
technology?

While the basic processes of classical low teadmotemain unchanged
as stated above, new high technologies sucmasoelectronics, robotics
and new materials are being introduced. These helped to modify some
processes, management and control of existing dlesn people talk about
transfer of technology from abroad, they are rafgrto this area of classical
low technology. A country that wishes to indusise will have to develop
one or more of the technologies listed abovapan, the former Russian
Federation and South Korea became industrialisedigih that method. The
same is true with regards to other developing amssuch as Nigeria. As it
was in the case of those countries imported, l@hrielogy is now playing a
big role in building up of our technological base.

(i) Science—based high technology



You may have observed that the last two decadethef20th century has
been characterised by an unprecedentede paf development of new
technologies and rapid change in theidapgations and utilisations. The
highest achievement in this ultramodern technology be divided into six
areas, which are: communication, informaticand other sciences. These
consist of two sub-disciplines
(a) Microelectronics. It includes development aftware, microprocessors,

computer - aided design, eventual fabrication isfochips. All these

are in use in industries such as the automobilesiny.
(b) Microphotonics. It includes the developmentasiers and fiber optics.
Of these two, Microphotonics is theless depetband it requires greater
research effort to bring it to fruition.

Others here include space technologies aschthe manufacturing of
rockets for space travel, composite nmer and high temperature
superconductors, nuclear energy, pharmaceutieald fine chemicals, as
well as biotechnology and gene splicing.

Do you think Nigeria belongs to this group? | dahink so. Very few of
the developing countries with the exception of @wafucian belt countries
(such as Singapore, South Korea, China, Malaysmlia and Brazil) are
conscious of the need for or have made progrelsgimtechnologies. The
general feeling in many developing countries ihat these new areas are
beyond them. You may agree with me that it is téeding of lack of faith in
their own scientists and technologists that mmst fight against. This is
because the future of these countries undoubteiyrl making effective
use of these specialists.

Exercise 1.3

1. Five areas of classical low technology incluale—
b) () (d)
—and e)

2. What 3 aspect of new high technology can bedluiced into classical
low technology to help improve process and managé&éme

3. Two sub-disciplines of communication/informatare (a)

and (b) what does each consist of?

4. Which countries make up the Confucian Belt?

3.6 Methods of acquiring technological advancement
Technological advancement can be achieved in tlening ways:

Technology transfer: This is a situation where piheductive sectors of the

economy (that is the manufacturing industries a country) import from
another country, both the productive maehin and equipment and the
experts that will organise the systematic transfehe required technology.

Acquisition technology: This is an advanced forrntechnology transfer.

Unpackaged technology: This refers to technoldggioed through relevant

software and during the repairs/maintenancé the item. Through such
exposure, a local replication of the technologmade possible.
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Adaptation technology: Here, the technological proids first obtained. It is

then dismantled and reproduced with infused lagalii, based on useful
indigenous technology.

Poached technology: Thisis the covert takingyaofa technology without

the consent of its originator or producer. This/rha achieved through the

help of spies or unscrupulous private entrepreneuth occasional support

of their governments. Occasionally, keyciestists behind important
innovations are kidnapped or attracted to th&isgecountry by monetary
inducements. Such activities infringe on the pal@ntand the international
property rights.

3.7 Some early contributions to science and techrogy

Some scientists who have contributed monumentalscientific knowledge

by their pure or basic research include:

a. Robert Boyle (1627 — 1691). He is regardedhas-ather of Chemistr y.

He is famous for his discoveries on the physicgases.

b. Marcello Malppghian (1628 — 1694). He has nbederred to as the
‘Father of Microscopy’. This is because of his nuows anatomical and
botanical investigations with the newlynvénted microscope. The
malppghian layer in leaves of plants is named duifiter.

c. Christian Huygens (1629 — 1695). He was a sxpatathematician and
an astronomer. He built the first accurate pendutlouok.

d. Robert Hooke (1635 — 1703). He made his liae@ surveyor and an
architect. He was a research assistant to Boyleartéed out various
researches in biology and physics. He is tmagmembered for his
microscopic discovery of the cells of plants.

e. Isaac Newton (1642 - 1727). He was alidnil mathematician and
physicist. He is remembered mainly for his law§ motion, and the
discovery of the composite nature of white lighing a sunbeam and a
prism.

f. Michael Faraday (1741 -1867). He was alliant physicist. He is
remembered for his discovery of electricity inl3&luring a series of
deliberate researches with very simple apparatus.

On the other hand, the production afteam power, a technical
development is the most important in the wholednysbf modern industrial
civilisation. This technical production proceedeithaut any help from pure
or basic  science. The  original incentivier  this  invention  wa:s
striotiyercial and industrial. That is how to sdlve problem of pumping
water from a mine. The only significant contribatform theory was the
invention of separated condenser in 1764 abyes Watt (1736 — 1819).
Apart from this the steam engine was invented anmoved by a succession
of practical inventors without any training in mathatics or physics.

3.8 Some modern contributions to science and techiogy _
It is important to know some modernonttibutions to science and

technology. Inventionis an outstanding feateatag from science and
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technology. The claim is often made that modermstiy depends on basic
science for its supply of innovations. It is atsod that the support of pure
science is justifiable because it would lead, evalht to economic benefits
through improved industrial products or processes.

For instance, the zip used to fasten paece of clothing, especiall
women’s dresses was invented by W. L. Judsde was an American
mechanical engineer. He applied for the first padéiis invention in 1891.

(The patent is an open letter from the governménaaountry, conferring

the sole right for a period of time tomakse or sell some invention.)
Judson’s invention was a unique one. He formeahapany to try to make

and market a saleable product. But the compé#aled after a period of

twenty years. It took another company called thwofatic Hook and Eye

Company and a Swedish electric engineer call@dSundback (1913) to
improve and finally come up with the essential gesve know today. But

public acceptance of this new product only cam&dins.

Another notable invention was that of antibisti€he invention was a
technical innovation that sprang directlrom pure or basic scientific
research. In 1928, Alexander Fleming accidentabgerved the effects of
microorganisms (fungi) named Penicillium on atbaal culture. He was
deeply interested in natural products tthacould kill bacteria. He
thmediately started research on the penicilliumnomeena. Over a period
of three to four years, he extracted the actgenain the fungi, tested its
action on animals and humans. He found out thaa# not toxic to animals
and humans. He published his results in a jouBw#t because Fleming was
a man who didn't like publicity, hisdiscovery was almost completel
ignored. Again, he didn’'t have the money to isoknd purify the active
agent for commercial purposes. Additionallyhe didn't seek publicity
because commercial pharmacists of thameti generally considered the
concept of a non-toxic bactericide, a contradiction

Ten years later in 1939, a group under Howard klarel Ernest Chain
began work on natural antibiotics. They came adrtesiing’s paper inthe
literature and soon confirmed Fleming’'s wotkat penicillin was highly
effective and could be concentrated and purifi¢okdy went to the United
States in 1941. Since that was wartimand many people wel
peivgded, he was able to convince the pharmaegitidustry to commit
some amount of money to develop and dywe penicillin. In eighteen
months, they had enough active penicillin tottré&200 cases. After thirty
months, processes for large-scale industrial proolubecame available.

For all these, Fleming, Florey and Chain were aeaitie Nobel Prize
for hysiology and Medicine in 1945 and also reediknighthoods. Being
basic scientists, they were well satisfiechwithe honour and glory. The
industrialists had to comfort themselves with thinancial profits of the
operation.

Exercise 1.4
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1. Where the productive sectors of an economyoitsgroductive
machinery and equipment and also experts, thahtdogy is called —

2. Atechnology that is acqﬁired through the regdanaintenance of an item
s called :

3. What is poached technology?

4. Matchthe items in A withthose in B filjng inthe blank spaces
provided.

A B

Robert Boyle a. Zip fastener

Marcello Malpighi b. Laws of motion

Christian Huygens c. Father of Chemistry
Robert Hooke d. Discovery of electricity
Isaac Newton e. Father of microscopy
Michael Faraday f. First accurate pendulciock
Judson g. Discovery of plant cells

4.0 Conclusion
This unitis a very interesting unit, particulady it has exposed us to the
distinctions between science and technolothe importance of science,
technology and inventions (popularly called S,&1) tothe standard of
living of any country of the world today. We haaleo learnt some of the
methods of acquiring technological advancementif $ou are interested in
helping your country to be more technologically eleped, you can choose
any method of your choice with the excemionof Poached technology.
Examples of some early and modern contributosgitance and technology
ended the unit.

5.0 Summary
The main points in this unit are as follows:

1. Science and technology have affectedr olifestyles. This is more
obvious when lifestyles of today and that of 10@rgeago are compared.
So they have been the most potent forces for sokaige in the history
of man.
2. Scienceis boththe process and productveftigation and research,
while technology consists of what can be deitkthe products of
investigation and how they can be used.
3. Curiosity motivates scientists to carry owdstigations and research,
while the desire to know how to translate ideas@ads into concrete
products or processes, is what motivates techraikgi
4. Technology began when man-made and useds, in his desire to
provide for his basic needs of food, clothing ahdlter. Man’s earliest
natural tools were his hands and feet. He lateadupted to stones, to
sticks shaped to be used as tools, and then héogedetools of special
types to be used for hunting, fishing etc.



5. Man’s technical progressis believed to beego®ed by two elements,
which are discovery and invention.

6. The discovery of fire is the most importantcdigery of the Stone Age
man. With it he learnt how to cook, which then tedhe invention of
cooking methods and kitchen utensils.

7.Man later domesticated plants and alem and thus invented
Agriculture. This led to the establishment of coomities. Technology
thus made possible the beginnings ofviligations in  Egypt
Babylonia. The 20th century can be distinguilshgom the previous
centuries by the following:

and

a. the recognition of the importance acience and technology in

human affairs;

b. the increased pace of scientific and technoldglevelopment, and
by

c. The realisation that science and technologyatesimply a limited
or local factor.

8. The standard of living of any nation is deperidm science, technology
and inventions.

9. Science can be subdivided into basamd applied sciences.
sciences include physics, biology etc, while egapl sciences include
agriculture, medicine etc.

10. Technology can be subdivided into classicaw-technology such as
fabrication of iron, steel etc, and science — bdsgh technology such as
space technologies, Nuclear energy etc.

11. Methods of acquiring technological advancgmeénclude: technology
transfer, acquisition technology, unpackagddchnology, adaptation
technology, and Poached technology.

12. Some early contributors to science and teclgyaleclude Robert Boyle,
Marcello Malpighi, Christian Huygens etc.

13. Some modern contributors to science addnology include W. L.
Judson, Alexander Fleming, Howard Florey and Er@éstin.

Answers to the exercises

Exercise 1.0

1. (a) Process (b) product

2. (a) techniques (b)devices (c) procedultes@aterials

3. (a) curiosity (b) the desire to translateeasl and plans into concrete
products or processes.

Exercise 1.1

1. (a) hands (b) teeth

2. (a) Discovery (b) Inventions

3. (a) the recognition of the importance of sceeand technology in human

affairs; (b) the increased pace of mtie and technological
development;
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(c) the realisation that science and technologynat simply a limited or
local factor.
4. (a) industrialisation (b) public health cacg §dvanced agriculture

Exercise 1.2

1. The primary aim of a basic scientist is to havaller knowledge or
understanding of the subject under study.

2. (a) agriculture (b) medicines, health and paian

(c) energy policies (d) environment and pollution

3. (a) Universities (b) research centres

Exercise 1.3
1. (a) bulk chemicals (b) fabrication of iroreatand other metals
(c) design and fabrication in indigenousdustries such as cotton,
leather, food products etc. (d) petroleum technekog
(e) power generation and transmission lutng heavy electrical
industr y

(a) microelectronics (b) robotics (c) new mials

(@) microelectronics. It consists ofhe development of software,
microprocessors, computer — aided designs anuwslegabrication of
microchips. (b) Microphotonics. It consists of thevelopment of lasers
and fibre optics.
4. Singapore, South Korea, China, Malaysia, liadid Brazil.

w N

Exercise 1.4

1. Technology transfer

2. Unpackaged technology

3. It is the covert taking away of technology withthe consent of its
originator or producer.

4.c,e, e, f,g,b,d, a

6.0 Tutor-marked assignment _ _ _
1. What are the ditterences between science, tdohy and inventions?

2. Write short notes on the following:
a) Basic sciences

b) Applied sciences

c) Classical low technology

d) Science based high technology

7.0 References and further reading _ _ N
Awachie,M. N. (2001) Science, Technology and Iniatg in: Ezekwesili,

N.O., P. O. Ubachukwu and C. R. Nwagbo (eds) othiction to
Natural Sciences — 2, Newcrest Publishers, Onitgp&6 - 38

Baez, A. V. (1976) Innovation in science educatarldwide,
NESCO Press, Paris.
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1.0 Introduction o _ o
From the discussions in the last unit, that is @ingou may now be aware of

the relationship between science and technology. ay also be able to

identify several situations in life wherescience and technology have
enriched men’s lives. The topic of discussion is tinit will help to refresh

your memory of some of the gains ofcience and technolog
Borecifically, the unit will acquaint you with soroéthe negative or adverse

effects of technological development on sgciett is important to know

these because a. they will enable you to develagameness of problems

which confront human beings everywhere.

b. they will also help you to be aware of the fhett the solution to social

problems depends on every human beingd aon bringing together
knowledge and understanderived from every knowaiglise.

Since we have discussed the relationship betseience and technology

and their uses in the previous units (module 2, 3iand module 3, unit 1),

you will not find this unit too difficult to undetand.

2.0 Objectives
After studying this unit, you should be able to
a. outline some of the gains of technological ttgu@ent.
b. discuss vividly, how technological developmieas affected society in
terms of
(i) increase in population
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(i) environmental pollution

(iii) poverty

(iv) pursuit of peace

3.1 Gains of technological development
Can you remember the meaning of technology? Deorty if you cannot!
Let us try to understand it. The widespread megisrthe application of
scientific knowledge and research with the aimadveloping products or
processes for the use of man.’ These products @@ gses can be found in
the areas of agriculture and food production,
medicine, architecture, engineering, transpoand communication, space
exploration, pharmaceutical industries and so on..

In the field of agriculture, for examapl technological equipment
comprising ploughing machines, tractors, rvesters, has tremendously
increased production. Agricultural raw materiatgve also been turned into
various forms of manufactur ed goods. An exampteasuse of animal skins
in the production of leather for manufacturingntibags, wristwatch handles
and so on. Can you think of other examples?

In the field of medicine, new drugs amgw techniques for curing
diseases have been discovered. These haveedhdio improve the life of
individuals in society. Better surgical techniqaes! better understanding of
the body’s immune system have led to increasegaroand tissue transplant
(such as lung, liver, kidney etc). Do you wnocthat through ultra sound
techniques, the condition of a developing babyawomb can be known
clearly and quickly?

In the areas of architecture and engineering, dibke structures such as
dams, pyramids, artificial lakes, canals, housewl s on have been built.
Biotechnology has helped to improve agricultuaad food production by
increasing yields of plants and animalsit has also helped t
mgutmiee by the development of drugs such as tingahn insulin used for
the treatment of diabetes.

We have now outlined some of the gains of techgiodd development.

Let us now turn to the negative oradverse effects (o
terelofoyeatl.
3.2 Adverse effects of technological development society
You may be aware that some of the worst probleihsimanity have either
been brought about or increased by science ahddkxgy. This is in spite
of the many in which ways they have enriched méwés. Can you mention
some of the problems?You are on the right track if you ays
teahnological development has:
a. caused an increase in world population
b. caused pollution of air, land and water
c. caused poverty or
d. threatened the pursuit of peace in the world.
The mnemonics device for remembering these aé&ilr P’s: Population,
pollution, poverty and pursuit of peace. They atemately interrelated with
one another and with science and technology.
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We shall discuss them one after the other.

3.2.1 Population
You probably may not know that one of the mostaesiadverse effects of
science and technology is overpopulatiomfhe world’'s population is
doubling approximately every thirty—five year3he global population in
1974 was approximately 4.0 billion. By the year 00is expected to have
increased to 6.8 billion.

Seventy — five per cent of the world’s inhabitaniise in the developing
countries and the highest immediate incremerdse bound to take place
there. The population of Africa, for example, was 2nillion in 1960 and it
was projected to be 853 million by the year 200i@eNa alone has over 100
million people already.

What do you think has caused these tapelar increases in recer
years? Well, you will be correct to say advancesagricultural and health
technologies have brought death rates below batisr

During the 10,000 year-phase of agriculturainor improvements in
agriculture made it possible to obtain a slow distinctive growth in the
world population. This was at a rate of somewhss ithan 0.1 % per year.

Then around 1750 AD, the agricultural reviolmt was in full swing. It

brought about three areas of development:

1. Improved crop growing methods sucks an crop rotation, which
eliminated land fallow method.

2. Advances in livestock breeding.

3. The invention of new farm equipment such ashimes for planting,

cultivating and harvesting crops.

The effect of these was ‘increase in food produnctiThis effect when
added to that of industrial revolution, which is¢riease in standard of living
resulted in increased birth rate and decckadeath rate. This trend has
continued till today in spite of that fact thahse countries are trying to
curtail birth rate through various means, suchrasural family planning or
the use of condoms.

You will agree that the links between thespypation increases and
technology are obvious. For instance, adverse ssasmild no longer cause
famine because of improved food productiond agistribution. Epidemic
diseases no longer reduced population becauseasthofifeeding had risen
and advances in environmental sanitation aneasing sophistication of
medical treatment had decreased death ratesds lfoth interesting and
terrifying to consider the fact that what was appdly a beneficial aspect of
technology —the reduction of death rawue to the effective control ¢
disease and famine — has generated the probleregbapulation?

3.2.2 Pollution _
It may interest you to notethat too manyogle can cause depletion of

natural resources, and energy; Italso givese rto poverty and pollution.
They are all interinked and are aggtad by overpopulation. The
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deterioration of the human environment, iartigular, is a problem that
arises as a result of industrialisatiobrought about by science and
technology.

When man was using his hands as his only toat (¢h in the ancient
times), his impact on the environmentwas snBalt. as soonas he had
power tools and machines to extract coal, oil, @iher fossil fuels from the
earth in large quantities, he began to generateepoysuch a electricity, gas,
kerosene, etc). He also began to deplethe natural resources
gnprecedented rate. Power, however, issolately necessary to run @
industrialized society but power also pollutes.
Let's take a break and do this exercise.

Exercise 2.0

Complete the following sentences:

1. techniques can be used to clearlyssdeveloping
baby’s condition in the womb.

2. In 1974, the global population was whiles expected to
be by 2006.

3. The increase in population was brought about-by
and ———

That was a nice break. We were discussing aboulitfol — that power
pollutes. Power includes the use of petrol, gas, kerosene and other
aspects of crude oil.

If you can get some copies of Nigerian dailies magazines, you can
read stories on the pollution of the land, wat@nd air of the states of the
south—south and other oil- producing states ottumtry.
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© Fig. 8.3 Mag of Nigebta shawing ol prodiucing stasea:

From the map of Nigeria above, you can observetkiwabil producing states
are Delta, Edo, Rivers, Bayelsa, Imo, etc. Theveatof these states are not
particularly happy about the activities of thml companies located there.
Such oil companies include the Royal Dutch/Shetiupr Chevron, Exxon —
Mobil, Texaco, Agip (Italian) and EIf (French)h& unhappiness of these
people can be gleaned from the following statement:
Since Shell began drilling oil in Ogoniand in 1958, the peopl
@fgoniland have had pipelines built across theirmii@ands and in front of
their homes, suffered endemic oil leaks froithese very pipelines, been
forced to live with the constant flaring of gas. Thisimmmental assault
has smothered land with oil, killed masses of fish and attpeatic life and
introduced devastating acid rain to the land of the Oderithe Ogoni, a
people dependent upon farming and fishing, the poigafithe land and

water has had devastating economic and health consegquence
The above passage has said almost everything pbbution. If you are

now asked to define pollution, can you do so? llielbe you can. You are

right if you say that pollution is the release obstances or energy into the
environment in quantities which are harmful to nsamther living things. A

pollutant therefore is a substance whosesgirce in the environment is
harmful. Examples are chemicals, garbageisenoheat, acids, etc. It is
necessary to know that although some pollutactsr naturally (like oll
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seepage from undersea deposits and from nmds), most of them are
produced by human activities. They can affectvaater and land.
Can you list air pollutants? You are right if yiiat things like exhaust
fumes, domestic and factory smoke, poisonous diksesarbon- monoxide,
ozone, etc. Air pollution affects humanbeings directly by causin
gmearting of the eyes, coughing and respiratoryeBst
Air  pollution can alter the earth’s climategrsgficantly. The threat to
climate arises from the retention of a high lesfel carbon dioxide in the
atmosphere, which gives rise to a green houseteHeenan activities such
as combustion, deforestation and release esgasuch as carbon dioxide,
methane, chlorofluorocarbons (CFCs) etc imgh quantities into the
atmosphere. These gases are called greenhousehgaseise they change
the flow of light and heat energy through the atphase. Together, they act
as an insulating blanket covering the planet. Td®this by absorbing and
returning to the earth’s surface much of its gourig heat (that is infra-red
energy radiations). They trap this heat withine tlower atmosphere thus
warming it. This is known as global warming.
You might also have heard of global warming inrtlegvs. It is a natural or
human induced increase in the average temper afttine atmosphere near
the earth’s surface.
Various studies have provided sufficiendvidence to indicate that thi
change in climate would have important effectsifan For instance, it can
affect agricultural livestock, increase erisin sea level, modify ocean
circulation, cause regional famine, desertificatimnest fires and flood.
Water pollution as you might be aware of it ir#s industrial wastes,
oil spillage from oil refineries, leakages fromnoéeum tankers etc. These
are washed into rivers/ streams after rain. Alstheender the water unfit for
drinking. Oil pollutants constitute dangemlso to aquatic life through
suffocation. This is what happens in the NigeDela region of Nigeria,
where the oil companies operate. Other wateilutants include human
faeces, fertilizers, soap, detergents and so on.
Rainwater ordinarily is slightly acidic becausdissolves atmospheric
carbon — dioxide to form carbonic acid. Scientists 1970 discovered that
some countries like Scandinavia, North East USA, southern Canada
Northern Europe and Japan experience rains tha& essoming more acidic
and more devastating. Thisis as a result ofraatation of nitrous oxides
(from power plants and automobile emissions) amphsiric oxides (mainly
from power plants and smelters) in the atmosphere.
These dissolve in rain water to form nitric acmlaulphuric acid. These
acids inthe rainwater fall on earth to bathrests and cities and fill the
lakes with corrosive mix. The rains cause reducatioalimination of fish in
many lakes.
You may be aware that land pollution is causeinly by industrial
wastes such as ‘tarlings’ from steel plant (it cause the land to be rock —
like and deprive it of its nitrogen). Other dustrial wastes from tanning,
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textile and iron industries; refuse from the estimetal scraps as well as
abandoned garbage cause land pollution.

Do you know that noise is a form of land pollutidh@onstitutes a social
problem in many developed and developing countxiesy often noise in
excess of 90 decibels (whennoise can capsenanent loss of hearing)
exists in technologically advanced societies. Swmke often comes from jet
airplanes, jackhammers and very loud music.
In addition, such noise could be damaging to huheaith.

Let's take a break.

Exercise 2.1
1. Oil- producing states in Nigeria include :

and
2. What is a pollutant? Give 2 examples.

3. What is green house effect? Give 3 examplgse##n house gases?
4. What do you understand by global warming?

Pollution, as we have already said, can affectahd, water and air. It is
important to know that pollution crisis goes #am hand with the energy
crisis. In advanced countries, the so many amesnivhich make life so
convenient, are often responsible for an insatiablergy demand. Homes
are heated and air — conditioned by energy comgynevices and many of
them use electricity. The affluent countries #&eworst offenders. It has
been estimated that the US alone, whoseulabpn is only 6% of the
world’s population, consumes 40% of the earth’atural resources output.
The rich invariably pollute more than the poofhe poor people in rich
countries suffer the effects of pollution mdnar the rich. This inequality
can give rise to social and economic tensions.

3.2.3 Poverty

Do vyou know what it means in humaterms to be poor? |
mabmarition, protein deficiency with pos&blbrain damage in children,
corrosive  hunger, famine, lack of medicatare, poor health, disease:
suffering, illiteracy, unemployment, apathy andpes

Even in the richest of countries therare pockets of poverty. Th
majority of people in the world, howeverare poor and further mor
although the rich consume the world’s resourcesratich greater rate than
the poor, they are getting richer faster than tha p
The continent of Africa has the lowest Grossitdetl Product (GNP) per
capital in the world. GNP is a measure of natiamadlth. There is obviously
a strong link between overpopulation and povettis tlue to the fact that
food and other resources are not increasingeagdine rate as population



that there is poverty. Although thereavén been very significant
improvements in world food production, it istill far below population
growth despite all current national, Hltal and international efforts t
reverse this trend.

3.2.4 Pursuit of peace _ _
It is an irony that man throughout his long andued history has pursued

peace mostly by waging war, and when an intervakeaice is achieved it is
often utilised to prepare for war. ‘In time of goe’, they say, ‘prepare for
war’.

The pursuit of peace arises simply as andication of the kinds
probfems that pose a major threatto mankindeXample is the case of
possible extinction. This is because oafs interactions with science,
technology and education.

The founders of UNESCO considered peace importamigh to cite it
in the ver y first sentence of the constitutionjehireads:

Since wars beganinthe minds of men, itis ie tminds of
men that the defences of peace must be established.

This suggests at once that UNESCO, the interratiomganisation devoted
to education, science and culture, considers ptinguit of peace its long-
range target. Let us briefly review some of thestrecent examples of the
impact of science and technology on warfare.

Since the days of the bow and arrow, the skitechnologists and the
ingenuity of engineers have been utilized in tdesign and production of
weapons. Modern industrialised society is charasdrby mass production
of goods, thus mass production of weapons agid tise were felt for the
first timein the First World War. The war laginventions that rapidly
improved methods of communication (radio), transgan (the aeroplane)
and reconnaissance (aerial photography) to citetjwee examples. It also
generated the development of huge cannondclamical agents, which
were used for the first time in the most widesgréethal and destructive
war, which had ever taken place. Saenand technology thus ma
devastation possible on an unprecedented scale.

Only twenty years Ilater, however, the SedconWorld War produced
developments that dwarfed those of the First Waérkt. The participation
of scientists in warfare, which had paid off durthg First World War, was
increased and magnified during the Secondorld War. But a new
dimension was added and that was the use ofntsme&nowledge, which
had just barely been discovered in the laboraffing. commonest example
of this was, of course, the development of the atdrmamb.

The financial, scientific, industrial and teological efforts that were
required to produce the first bomb exceeded anyique similar effort in
history. It required a two-year crash programriteat brought together the
leading scientists of the world and it cost $2biili

The bombwas dropped bythe Americans on wapanese cities of
Hiroshima and Nagasaki in 1945. A total 052,000 people were killed
within a few minutes of dropping the bomb. The stisgs who participated
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in the Second World War were not after scienpiicsuits, that is they were
not primarily motivated by a desire to understahdrmpmena in the natural
or man—-made worlds.

The period of uneasy peace, called theld cwar, that followed the
Second World War was character ised by suspiaioong former war—time
allies. It was also characterized by farious and extremely costly
technological race that led to the developmerthbysuper powers of the
fusion or Hydrogen (H) —bomb. This bomba least fifty times more
powerful than the atomic bomb.

Later, these super powers felt there w#ése need for sophisticate
methods of delivering nuclear weapons. Tlesl to another spectacular
development that is the orbiting earthteile. The Russians were tf
pioneers and many nations then joined the madfoaiipremacy of outer
space. To illustrate this, in 1974 alontbere were 500 earth satellites
orbiting the earth at the same time. They wrarly used for scientific
investigation, but it was obvious to the whole widhat the technology can
also be used for reconnaissance and rapid deloferguclear weapons since
it takes less than 90 minutes for a low-altitudelsge to orbit the earth.

3.3 The social responsibility of scientists and theeciprocal
responsibility of society
One interesting thing to note is that having séenhiavoc wrought by the
misuse of science and technology and other thpeed to mankind by it,
some scientists have begun to re-address theirssespect of what can be
done in order that mankind and our planet mayiger How can we, they
ask, put science and technology to work for thendht of mankind? The
events of the Second World War awakenedany scientists to this
responsibility. Some of them joined existingamigations or formed new
ones for the purpose of giving expression to thiscern.
The physicists who had worked on the bomb and atefance projects
were among the most active. Einstein, acifist, regretted the disaste
caused by his brainchild, the atomic bomb. Befase death on 18th April,
1955, he urged scientists worldwide to ireal that it was their duty to
prevent the annihilating weapons from being used.
Some of the groups that were formed include:
1. Scientists and Engineers for Social and Palitdction (SESPA). It was
formed in 1969 by a group of US scientists and megyis who pledged
not to participate in war research or weapons ol but to counsel
their students and urge their colleagues to follogir example.
2. British Society for Social Responsibilith Science (BSSRS). It was
formed at about the same time as SESPA. This sgtomn was signed
to make scientists aware of the social significavfcecience, and of their
social responsibility as individuals, and to assgséntists in creating an
informed public that can exercise a choice in ddiermatters.

Exercise 2.2
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1. What kind of bomb was used in Second World War?

2. (a) Where was the bomb dropped during the war?
(b) Who dropped the bomb?

3. How many people were killed by the bomb?

4.0 Conclusion _
This unit has revealed to us the adverse effectsiehce and technology. It

is because the scientists and the technologistsiotipay much attention to
planning, direction and guidance that séhe adverse effects — over
population, nuclear proliferation, environmentalises, depletion of natural
resources — manifest. This suggests that new apbuad ways of teaching

and learning science must be devised. Scietheeaéion must be closely

linked with social responsibility.

5.0 Summary
The main points in this unit are:

1. Technological development has improved evepget of man’s life —
agriculture, medicine, architecture, engimegr transport and
communication.

2. Some of the worst problems of humanity haveeeit been brought about
or aggravated by science and technology.

3. Some of these problems include:

(a) population increase,

(b) pollution of air, land and water,
(c) poverty,

(d) threat to the pursuit of peace.

4. Some scientists joined existing organizatioms formed new ones in
order help both scientists, technologists andrd#yenen to be aware of
the social responsibility of science.

Answers to the exercises

Exercise 2.0

1. Ultrasound
2. (a) 4.0 billion
(b) 6.8 billion
3. (a) advances in agriculture
(b) advances in health technology

Exercise 2.1
1. (a) Rivers state

(b) Bayelsa state
(c) Delta state
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2. A pollutant is a substance whose presenceeiemiironment is harmful.
Examples are chemicals, garbage, noise.

3. Greenhouse effect is the retention of a higkllef carbon dioxide in the
atmosphere thus changing the flow of life and lee&rgy through the

atmosphere. Examples of green house gases methods, carbon

dioxide, chlorofluorocarbons.
4. ltis anatural or human induced increaséénaverage temperature of
the atmosphere near the earth’s surface.

Exercise 2.2

1. atomic bomb

2. (a) Hiroshima and Nagasaki in Japan
(b) The Americans

3. 152, 000

6.0 Tutor—-marked assignment

1. Technological development has resulted in Bmean population.
Discuss.

2. Write short notes on
(a) air pollution
(b) water pollution

7.0 References and further reading
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1.0 Introduction . . . _ o
In the previous unit -unit 2, we discussed the social impiara

tfchnological development. There we were made derstand that some of
the worst problems of humanity have hait been brought about ol
aggravated by science and technology.
This is in spite of the many ways they have endcmen’s lives. Thus, these
problems and others will require more and wisgse of the scientific and
technological ways of thinking to solve. And itasr belief that science and
technology will continue to improve the lot of nkamd if they are guided by
properly motivated men. This is the reason whyosophy of science is
ver y important. It will enable sciencdo be mareentred in terms
pfoducing products that would really be useful #nmwithout side effects.

Thus in this wunit, we shall be disging the nature and sco
philesophy of science.
After studying the unit, you are expected to hatkieved the objectives
listed below.

2.0 Objectives
After studying this unit, you should be able to:

1. Explain vividly the meaning of philosophy ofestce

2. Outline the common characteristics of philogoghd science.
3. Recognise the scope of the philosophy of seienc

4. Explain the nature of scientific method.
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3.1 Meaning of philosophy of science

It may interest you to know that phdphy of science is a bran
philosophy. As we said in module 1, unit 5, phileisg initially embraced all
the various disciplines. In other wordsknowledge about the worl
general was called philosophy. But witkpecialisation of knowledge,
various disciplines such as the sciences were atgubirom philosophy. To
get back to what we were saying, philosophy ofersie is the systematic
study of the nature of science especially kthods, its concepts and its
presuppositions. It attempts to answer such quesas:
1. What s science?
2. What is the nature of scientific knowledge?
3. How does it differ from other forms of knowle®ge
4. How do we arrive at a scientific truth?
5. What are the aims and objectives of scienceth8ly it is meant what is
the goal, end or purpose of science?
If you have read the previous modules very wely will see that we have
tried to answer these questions in redul. There we discusse
thefinitions, branches and aims of science. \iéd to show the differences
between science and non-science disciplines. Ndge also examined the
historical development of science in a generalieit|
In  this unit, we shall examine the tuna of science in .
philesophical manner.
Scientists work on the assumptions of some faatison general principles.
For example, one fundamental notion in scienckdddea of law of nature.
And the idea of Ilaw - governed universe assumes that the g8V
Igniform. So the assumption of the uniformity ohature poses a problem
which philosophy tries to explore. According to sophilosophers, the laws
of nature are not the same in the planets, yetdlemtists use the same law
of gravitation for them because of the scientifiaith in the uniformity of
nature. Philosophy questions the empiricgeneralizations, which the
scientists feel are unquestionable.
Before we go on, let’s discuss the common charaties of philosophy
and science.

3.2 Common characteristics of philosophy and scieac

It is important for you to know that though philgéy and its offshoots — the

small sciences, are notidentical yet theyelaarlot in commonin their

systematic pursuit of knowledge. Their common cttarsstics include:

1. Theyare both critical, skeptical and norogrdatic in character or
attitude. In module 1, unit 2, we explained whatitical attitude means.

2. They both show the curiosity to know and therage to explore every
guestion within no—go areas and heresy.

3. They both search for knowledge which is ratipsygstematic, universal,
objective, certain and verifiable (that is provabie demonstr able). The
demands for evidence or grounds of belief are sy important. Logic



is central to both philosophy and science. Theggrles of valid or true
reasoning are important for both philosophy andrgdic inquiry.

4. They both lay emphasis on method. The deduatiethod is important
for philosophy while both the deductive andductive methods are
important for the sciences. We shall discuss atiosiin a later section.
Analytic method is also very important in philosgph

5. They both search for general laws @rinciples and theories fo
explaining the nature, character and functioninthefuniverse or any of
its parts.

6. Whereas philosophy focuses on the general ptascand fundamental
assumptions of the sciences such as the law adrumiy of nature, the
sciences focuses on both the general laws andpartiaws such as the
law of inheritance.

7. Philosophy is ver y reflective in that it medés or reflects on the nature,
methods and concepts of the sciences. That ismehyave philosophy
of science.

Exercise 3.0
1. Define philosophy of science.

2. List 3 characteristics common to both philogophd science.

3.3 Scope of philosophy of science
From what we have discussed so far, philosophysoience embraces the

following:
1. Definition of science.
Here, such questions as the nature, branches aauingeof science are
explored.
We discussed this in module 1, unit 1.
2. The aims, end or purpose of science.
That means that philosophy tries to eamsthnd the objectives of
engaging in scientific activities, this was dissed in module 1, unit 1. It
also inquires into the utility or uses of scienSeientific knowledge as we
now know leads the world to attainingrogress and better condition
Therefore modern science has contributed to impgpthe lots of man with
regards to food/plant production, housing, healkdthing, communication,
etc. Science has also influenced other disciploigsan’s engagement. This
is with regards to the skill or art of doing thingAnd we now know that the
skill or artof producing and application afcience starts withthe art of
correct observation and experience.
3. The methods of science.
Philosophers examine the experimental method praetice of a scientists
as we saw in module 1, unit 2 is done in theofelhg steps.The scientist
works with some data to solve a particular problei@formulates various
hypotheses which if true would solve tthaparticular problem.  He
@gpsriments to discriminate among the metng hypotheses. The
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performed experiment selects and adopts tlgpothesis that verifies the
problem.

4. The above practice for the philosophy of scidiileal up with problems

because it isjust like the activity of everysmn. For instance, a female

cook can adopt this procedure to establish thmishan excellent home—

economic woman. The philosopher tries ftodfout how true the result
obtained through this method is.

To the philosopher, scientific opinions, belieftiaand results are not the

only criteria of knowledge. Some scientific beliefsen conflict with each

other, therefore they are sometimes unstaben with the experimental
data, while a sound philosophical knowledge is gby@ermanent. With the
established results of empirical sciencesisit difficult for the scientist to
change his opinions. For instance, the early ssisntiewed the world as

being flat. Later when it was proposed that the¢heaas spherical, it took

the scientists some time to change theiewyvPhilosophy as a reflective
discipline sometimes rethinks it own views.

A hasty implementation of some scientific discogstlike the atomic bomb

explosion in  Hiroshima and Nagasaki in the Secontbrld War (1939 -

1945) does not improve human life. A sound phildsomust encourage the
examination of scientific inventions. Thidgs why philosophy of science
criticizes scientific opinions and practice. (anethod). When the scientific

method is properly analyzed by philosophy, it déss or presents an ideal

situation which every scientific activity or pra tries to satisfy. You will

learn more of this in the next point to be expldine

5. Analysis of scientific concepts and theories.ya know what a concept

is? Itis an ‘idea of a class of objects’ or ganeral notion’. Many concepts

are encountered in science. Some of them are losieayv:

a. There are general concepts which appdgiEnce in general such as,
science, facts, theory, law, motion etc.

b. There are concepts which apply to scientifichods in general such as
observation, experiment, hypothesis, theory, indacdeduction, etc.

c. There are those concepts that are basic tousabi@anches of science such

as time, atom, electron, proton (in the physicarsces) and gene, cell, etc

(in the biological sciences).

You may not be aware of it that philosophy triesutalyse these concepts.

One of the chief tasks of philosophy ithe analysis of the language
science or semeiotic.

Semeiotic is also called the theory of signs amdsinification of terms or

semantics.

Semantics means the science of the mgamh words. Semantics as a
department of semiotics is the study of the retatibsigns to the objects to

which the signs refer to or designate or areieplple. For instance, if one

uses the word ‘cell’, philosophers try to studg tklationship of that word

‘cell’ to the object to which it refers.

Philosophers also analyse theories. Apart fromystg the relationship of

this word theory to what it refers , tophilosophers also prese
some



constraints or limitations, which are usedstablishing the quality and
nature of theories for good scientific preeti These limitations are the
criteria for determining the practicabilitpf a hypothesis. One of thes:
criteria is falsifiability. This principle wastroduced by Karl Popper. It is

meant to take care of those statements whichotarbe verified now and

which may be verified in future. Such statemeritave to be accepted in
principle until experience or test falsifies arerifies them. For example, a
theory about the origin of the universe may novéefiable in the meantime

but it can be falsified. The falsifiability prindgpadvocates that a theory be

treated as a possible scientific one if there @aswnable grounds to believe

it until it has been shown to be false.

Let's take a break.

Exercise 3.1

1. Mention 4 aspects of science which philosopbgliss.
2. List 4 concepts in science.

3. What is semantics?

4. (a) The falsifiability principle was introdut®y
(b) What is the principle all about?
Letus goon withthe discussion on the critésia determining how
practicable a hypothesis is. The next criteriosiggificance. Significance is
what something means. We have earlier discussedthonnection with
analysis of concepts. The final criterion is adlparadigm conservation. It
is adevice againstimpractical proposal. It gasgs that insistence on the
past model or theory is preferable when a new moaoledlicts with the past
one. It is used especially if a reliable datum lbesn previously established
by hypothesis and laws. Thus conflicting explanaiof data can be offered
on the basis of paradigm conservation.
Please remember we are still discussing scope of philosophy of
science. The last but not the least is:
6. The nature and character of scientific knowéedqgd its relation to other
branches of knowledge.

If you would recall from module 1, unil, we discussed the
characteristics of the scientific knowledgend also the differences
between science and non-science. But wan still summarize the
characteristics here. A genuine scientifiknowledge according to
philosophy is characterised by:

(a) Systematicness: The propositions of agentific knowledge

must be logically related. They must exhibit a dd#ithe character

such that no proposition which is true could relatgcally to a

false one. Scientific knowledge must be pursueal sgstematic
manner. The steps leading to results or losions must be
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repeatable or be capable of being repeated. THgsrapossible
for a true scientific statement, proposition oraitye
to guarantee certainty.

(b) Universality: Every true scientific &tment must show a
universal character. This means that it must beitrall cases
under the same conditions. If an exception octhesproposition
must be so qualified and the limit to its apalidity must be
indicated.

(c) Objectivity: This refers to the abse of personal bias tc
recognise that there is a fixed external realityclvliefuses to
quit whether we accept it, know it orotn Thus a scientific
proposition or statement must be true irrespedfvee interest
of the scientist. It must be factual and nonsubject
All experts in the area must be able to confirmptigh logical or
experimental demonstration, the truth of the statgm

3.4 Nature of the scientific method
Doyou still remember whatis meant by thersiiie method? You will

recall that it was the topic of discussion in madi) unit 2. In that unit we
discussed the steps of the scientific methodhiggection, we shall discuss
the philosophy behind the method.
A brief introduction will help you understand thapic. Philosophy has
many branches and they include, metaphysics, epébgly, logic, ethics
and aesthetics. But only epistemology ardgic are relevant to the
discussion on the philosophy of science.
Epistemology and logic are branches of methagol®ethodology is
one of the divisions of philosophy. Kedology deals with way
aftaining knowledge, that is the process of iat#llal inquiry, research and
reasoning. In philosophy, epistemology is the binathat deals with how we
discover true knowledge from a direct processeéstigation while logic
enables us to arrive at new knowledge from exidtmgwledge.
This then means that the process of discover@gknowledge is not
the same as the process of inferring deducing knowledge fror
thplications of what we already know. Thus the eli#nces between the two
are as follows:
1. While logic is concerned with validity or ‘sadimess’, epistemology
is concerned with the truth of our assertionsroppsitions.
2. Epistemology is important in the processistovery and research
while logic is important for the systematizatiof knowledge and
also in deducing new knowledge from what weehalveady
discovered.
These two aspects of methodology can be foundnvitie scientific
method and they are essential for all branchés kmowledge. We
shall discuss logic then show where it cha found withinthe
scientific method.

3.4.1 Logic
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Logic as you may already know is concendéd human reasoning or
thought. It studies the structure of human thowghivell as the principles or

laws of valid reasoning. It is concerned with tladidity or soundness of the
inferences and conclusions, which we make in ouguraents. To reason is

to infer, tojudge or to argue. Toinfer @rgue is to move from certain
premises to other premises or conclusiofbat which is inferred from
another premise(s) is the conclusion. In an arguiiereasoning we move

from knowledge to new knowledge or from a supposifppremise) to that

which validly follow from it.

Before we proceed any further, we need to explartam terms. These are

premise and conclusion.

When we have a sequence (a number) of statemeadslition to a claim,

then we have an argument. Sequence itselfmade up of two or more
statements while the claiming is one of the statémealled the conclusion.

Other statements in an argument are called gemnihe following is an

example of an argument:

All dogs are mammals.

All mammals are animals.

Therefore, all dogs are animals.

The first two statements are called premises whedast statement is the
conclusion.

Thus conclusions are always derived from premises.

Exercise 3.2
1. Genuine scientific knowledge is characterisg@d)
(b) and (¢) :
2. Methodology is a sub-division of (a) . Its  two
aspects are (a) and (b)
3. The following is an example of an argumentntdg the premise(s) and
conclusion
* All men are mortal.
* Peter is a man.
» Therefore Peter is mortal.
We are still discussing logic and now, we sladk at the two types of
logic, which are relevant to the sdient method. The two type
desluctive logic and inductive logic

1. Deductive logic (or method of reasoning)

Here we move from a set of premises, which we asgore true to a
conclusion. If we reason correctly according ® ithles of deductive
logic, then the conclusion will be valid. And ifelpremises are true, then
the conclusion will be necessarily true.
For example, the following argument is a deductiue:

All men are mortal.

John is man.

Therefore, John is mortal.
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The conclusion ‘Johnis mortal’ is a deductiveWwledge. Its truth is
derived from logical implications that it followghich happen to be true at
the same time. Therefore in deductive methad, move froma general
principle or law to particular instanceswhich fall under such
[Qeductive reasoning is applied mainly in fofrmlagic, mathematics and
philosophy. But science also applies the methoda@alby with regard to the
organisation and systematisation of knogéed as well as in making
inferences from whatwe already know. Deductimethod is also called
platonic method. It gives knowledge that is certain
2. Inductive logic (or method of reasoning)
This is the type of reasoning in whichwm from some particular
statements to a general conclusion. It is useunpir ical (scientific)
generalisations. For example:
Many Africans are black.
Therefore all Africans are black.
The inductive method is also called thBaconian method becaus
Francis Bacon founded it. The inductive methodhésrmethod of discovery
which emphasizes observation, experimentatioverification and theory
construction. The problem with induction is thasipossible for a member
of the class to turn out to be different from what have generalised for all
the members of the class. For instance, someakfsiare white (such as in
South Africa). Therefore induction gives us proleathowledge.
Probability shows the degree of reliance to whiehcan place on the
inductive generalization. To say that an eventrabgble is to say that it is
likely to occur. When the scientists talk of proti&pthey must indicate the
degree of probability of the occurrence of the ¢weiguestion.
In summary, therefore, the scientific method has pwases, which are:
1. The method of discovery which is inductive emtphasises observation,
experimentation, verification and theory constroicti
2. The method of organization of scientific knogde, which is deductive
and systematic.
Thus logical reasoning runs through the scientifethod. It is the main tool
in
formulating hypotheses;
judging the correctness of ideas wamy up by imagination and
intuition;
3. planning experiments and deciding what obsemato make;
4. assessing evidence and interpreting new facts
5. making generalization and
6. finding extensions and applications of a diszgy
You will recall that we discussed all this in moeld! unit 2

N =

Exercise 3.3
1. (a) Mention the two types of logic and (b) defthem.

2. Give examples of each.



4.0 Conclusion _ _ _ _
In this unit, we discussed the meaning of phiéosophy of science, the

common characteristics of philosophy of scienceps of the philosophy of
science and the nature of the scientific methodmall this you would have
learnt that philosophy of scienceis a sort@fjuard that guides science
through the way it chooses to gain knowledge afimeat

5.0 Summary
The main points in this unit are:

1 Philosophy of science is the systematic stddytlee nature of science
especially its methods, its concepts and its prgssipons.

2 Common characteristics of philosophy of scienckide the fact that it
is critical in nature, it show curiosity, it laysm@hasis on methods etc.

3. Definition of science, aims, end or pgmgse of science, analysis of
scientific concepts and theories and finally taturne and character of
scientific knowledge and its relation to otherariches of knowledge
were treated under philosophy of science.

4. A genuine scientific knowledge is ardcterised by systematicness,
universality and objectivity among others.

5. The scientific method makes use of thboinductive and deductive
methods of reasoning.

Answers to the exercises

Exercise 3.0

1. Philosophy of science is the systematic stafdythe nature of science
especially it methods, its concepts and its pressiipns.

2. (a) They are both critical in character.
(b) They both show curiosity.
(c) They both lay emphasis on method.

Exercise 3.1

1. (a) Systematicness (b) Universality ( c) Oty

2. (a) Philosophy (b) Epistemology (c) Logic

3. The first two statements are the premises whédast statement is the
conclusion.

Exercise 3 2

1. The two types of logic are:
(a) Deductive logic (b) Inductive logic

Deductive logic is where we move from a set of npses which we assume
to be true to a conclusion ie from a general pplecio a particular instance.
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Inductive logic is where we go from some particulatatements to general
conclusion.

2. An example of deductive logic is:
All dogs are mammals.
All mammals are animals.
Therefore all dogs are animals.

An example of inductive logic is:
Mr. Okeke is from Enugu and is short.
Mr. Uzo is from Enugu and is short .
Mr. Eze is from Enugu and is short.
Hence all men from Enugu are short.

6.0 Tutor—marked assignment _ _
1. Outline 5 characteristics common to philosophg science.

2. Write short notes on
(a) falsifiability principle
(b)paradigm conservation
(c) Inductive reasoning

7.0 References and further reading _ _
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Module 3 Unit 4: Man and his origin

Thus Please note: This unit has been adapted from:
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1.0 Introduction _ _
In the last unit, unit 3, we discussed the natumek scope of philosophy of

science. In unit 2,we discussed the socdmplications of technological
development. From that discussion, we found outgbme of the inventions

of man are harmful to him and to his environmemiisTact gave rise to the

need to guide and direct scientists in theirivas. Thus, in unit 3, we
discovered that philosophy tries to providéhat guidance and direction
needed by scientists. It does this through theesyatic study of scientific

methods, concepts and presuppositions. It tiiteh where there may be
pitfalls and enables science to sidetrack thogallgi Philosophy does all

this for the good of man and that is why sciencs&id to be homocentric or
man-centered.

In this unit, we are going to discuss the iorgf man. We said that
philosophy and science are working for the dgob mankind. The next
guestion to ask is, ‘How did this man originate’@did he come into this
world? These are the kinds of question this unlittwi to answer.

After studying this unit, it is expected that ywauld have achieved the
objectives listed below.

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

1. Discuss the various views on the origin of man.
2. Describe how hominids originated.
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3. Write short notes on the factors of human exanu
4. Discuss briefly the diversification of recentnhans.

3.1 Various views on the origin of man

You may be aware that there are two main views atheuorigin of man.
They are the religious view and the sdient view. These two will be
discussed one after the other.

3.1.1 The religious view

The religious view is upheld by the creationistarlaccording to them, is
created by God and in God’s image. This view is alsheld by the African
traditionalists.

God is variously called Allah, Chukwu, Olodumaet;. The most popular
accounts of the origin of man are found in the does of various religions.
For instance, the Christian account of man’s or@gn be found in chapters
1 and 2 of the Book of Genesis in the Holy Bible.

We shall now discuss the scientific view.

3.1.2 The scientific view
It may interest youto know that this view iseld by the evolutionists —

people who believe in the theory of evolntioYou may recall that we
discussed this theory in module 1, unit 3.

The theory of evolution developed from the perspeatf science states
that man, like all other living things (animals gridnts) have evolved from
simpler forms of life by a process of slow amddual change (evolution).
Scientists inthe field of paleontology, compizsa anatomy, embryology,
natural history, etc have provided evidence fos thevolutionary account of
the originof man and other creatures frdahe study of fossils. Ancient
animals’ remains and skeletons and various tjitams spread over large
areas, over a long period of time have providedesnce to support the view
that all forms of life have a common origin andtteach form of life has
developed at certain periods in the evolution eféhtirety of life forms.

Charles Darwin, as we read in module unit 3, gave explicit
formulation of the theory of evolution. Accordit@the theor y, all living
things (animals and plants) have evolvedmfr simpler forms through a
gradual process of change. Every living thinggafes to exist. To exist,
both food and favourable environment are esse@ialy living things with
those characteristics that enable them feed on available food ar
gurvive the effects of the environment can camiits line of development
or evolution to a higher form.

In the struggle for existence, no two livindpings (e.g. animals) are
exactly alike. As a result, we findhat some are better suited
thevironment than others. If the adaptable variatitmaits or characteristics
are inherited, then evolution will proceed throulgéir natural selection and



the fittest will survive. That is to say, evolutiowolves struggle for survival
and in that struggle only the fittest survives.
In the struggle for survival, manis aided by hinherent capacity for
physics — psychological change, througharious forms of physical,
intellectual and spiritual nourishment anthe transformations of his
environment.
Darwin’s wealth of information also made him putviard evidence that
man and higher primates originated fromfrica. Before then, former
evolutionists believed that man originated fromtcal Asia. At about 85
years after Darwin’s proposal, ossil evidence wamél to show that he was
right, and that it was in the continent of Afriteat the basic stock which
eventually gave rise to apes as wels man as we have knov
twdayged.
According to evolution, man evolved fromapes, consisting of the
monkeys, gibbons, gorillas and chimpanzee. Amoegfies, the pre-human
that had tools were the Australopithecus africaang Arubustus discovered
by Raymond Dart near Kimberly in South Africa. Thmain ancestors of
man are the Homo habilis which had small hawgh small supra orbital
ridge developed neck and forehead buith wjaws. Language and
rudimentary culture started with them and theyp al¢roduced the use of
tools.
From the Homo habilis evolved the Homo erectusadisced first in Java in
1893 and later in Perking in 1970. Its neck ware developed and this
made its head not to look hanging. It had a maraggted forehead, a more
developed nose than that of the Homoabilis and it fashionec
athranced tools and also controlled fire.
From the Homo erectus evolved the Homo sapienar{fi&rthal), which
looked very much like the modern man. The supr#airbdge and jawbone
is much smaller than others but bigger thahdhaman. Fromthe Homo
sapiens evolved the Homo sapiens sapien (modean), The brain and
other organs were more developed because of mtersexe usage. Details
of these groups will be discussed subsequentlyfidstitet’s take a break.

Exercise4.1

1. People that uphold the religious viewf the origin of man and the

scientific view are called (a) -----—0o- and b) -----eemeeeee-
respectively.

2. The pre-humans that had tools were the (a}—----------- and (b) ---
------------ and were discovered by (c) -------——-----

3. Homo erectus was discovered firstin (a) -——---------- in 1893 and
later in (b) ------------ in 1970.

3.2 Origin of hominids
You may not be aware of what hominidare. Hominids constitute th

zoological family to which human beings belongeT family has only a
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single surviving specie Homo sapiens. The first imols emerged 5 million

to 10 million years ago. That was during thedéine period. Fossils of
human-like forms discovered in Africa wera@about 4 million years old.
Varieties of hominids were found but many hagéhfeatures in common

namely:

1. pedalism — ability to stand on two legs;

2. omnivorous feeding behaviour;

3. brain expansion and elaboration.

These hominids possessed the ability to be flexabhhad a wide range
of demands.

For instance, the first hominids that appearedevable to use the hands,
survive on more than one type of food and hadhrathat enabled them
learn how to adapt to the changing environment.

The earliest known hominids were membed the genus
Australopithecus (meaning southern ape) and soeyived for 3 million
years. At least four distinct species were distisigable: Australopithecus
afarensis, A. africanus, A. boisei and A. robustus.

These early humans were found only in EasternSandhern Africa. Each
of these is briefly described below.

Fig. 2.2 Resonrtruetion of a7 wd ult female Avsluslopithomey, 1 member of the geuie that gave rlae to rur own, Horan
Sotroe: Raven & Johnaon [1958)

Australopithecus aferensis

This genus was found in 1978 at Hader ithidpia by Johanson, Yves
Coppers and co. They were regarded by paleonsitogs the stem stock

leading to later Australopithecus and Homo sapi€hsir fossils exhibited a

mixture of human and ape characteristics.

The  skulls were ape-like —small with large projecting face
Gahenon features included the teeth and the jawskbketon, arms and legs.

A . aferensis individuals stood only 1 — 4 m taldlanust have weighed only

18 — 23kg.
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They were probably tree dwellers. The rbraisize and surface- folding
pattern were each a little larger than thaf a chimpanzee; hence the
intelligence was a little higher.

There is no evidence to show that this group mae of tools (stones or
bone) nor was there any to show group huntingutchering of prey.

Australopithecus africanus

This was discovered in 1924 in South Africa by RayohDart. This fossil
shared many anatomical features with those Aofaferensis. A. africanus
individuals were relatively small bipedal huma with protruding face, a
slightly larger brain than that of A. aferensiseTtody differed a little from

that of the earliest hominids. Analysis of the hand foot structure showed
that these hominids spent time on trees probablievgleeping or feeding or
perhaps for safety. The teeth looked more likeghadhuman

than ape in their sizes and shapes. The chetk(teelars and premolars)
were flat for grinding and crushing and were seheavily built jaws. These
were probably for processing coarse abrasive fool as tubers.

Australopithecus boisei and Australopithecus robustus. These last two
appeared in East Africa about 3.5million years ago. Fossils ¢
bpdtimens showed large flat teeth and jaws. Timb skeleton was like
those of the early Australopithecus but theirisand bodies were slightly
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bigger. There is evidence to show that a form of robustus had stone tools
and fingers and thumbs to use them.

Fig 3.3 Comparison of size and stature of austitdspvith modern humans
Source: Starr & Taggart (1992).

Succeeding these groups of hominidsis a needyp hominid whose first
member is the genus Homo to which man belongs.eTéui® four species in
this genus namely: Homo habilis, H. erectus,dpiens (archaic) and H.
sapiens (modern).

1. Homo habilis (meaning handy man)
These are the earliest humans. Homo ibalsluperficially resembles its
forebear — Australopithecus but was diffeérein several aspects. For
instance, the brain is more than hatff humans’ unlike that of
Australopithecus that was about one-third thatlafmans’. The increase in
brain size of H. habilis implies that they hdargher intelligence than the
Australopithecus. There is controversy amongstraptiiogists as to the real
origin of H. habilis. Some claim that they ginated from A. africanus.
However, this is yet to be resolved.

The trunk and limbs of H. habilis were fully atkgh for upright bipedal
locomotion, but the hands showed features of humaaudls like thumbs and
finger tip bones. This suggested improved manipudatkills, yet the bones
of its digits were heavy and somewhat curved pgingipowerful grasping
as seen in chimpanzee and gorillas. Theseractea istics were taken by
researchers to mean that H. habilis lived orgtibend during the day, but
retired to the trees at night to sleep.

H. habilis exhibited two characteristics of hunaantivities: tool making
and butchering of large animals. They may havehmred both large and

small games, as cut marks on the bones thatexesvated long time ago
indicated. The use of tools and animal carcassgshianee started the shift in
animal adaptive patterns that were to dominateesyuent human evolution.

I hope you are not finding all this difficult toxderstand. But if you do,
don’t worry.
Your tutor will further explain it to you.

Exercise 4.2

1. Hominids differ from all other mammals beaausheir normal posture
while walking is erect. True or False?

2. The two critical steps in the evati of human beings were
evolution of bipedalism and the enlargement oftiteen. True or false?

3. The first Hominids appeared about 5 milliomange ago in Africa. They
belong to the genus ------------------ _
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Let's continue with our discussion. We rave discussing about the fou
species in the genus Homo. We have talked aboumoHwbilis. The next
one we shall discuss is Homo erectus.

2. Homo eretus

This appeared in the fossil record around 1.5 amlifears ago. They also
had the capacity

to make tools and there was evidence to showttiestwere more skillful
than the H. habilis. They were much larger tithen Australopithecus. H.
erectus underwent evolutionary change duringrth@nure. The face and
teeth decreased in size and massiveness and thenmr@ased in size. The
larger brain correlated with the wide travef H. erectus and also with
refined tool making. Among the tools were carefdidighioned hand axes

and scrapers. These tools were used for food mepay including clearing

of bush and cutting of meat, scrapping hides, diggind cutting wood.

The first evidence of the use of fire by humansuoed at the campsite of
this species in the Rift Valley of Kenya at abbut million years ago. The
species were replaced by our own species Homorsapia Africa 500,000
years ago and in Asia about 250,000 years ago.

3. Modern human beings (Homo sapiens)

There are two groups of the species:

(@) An early group known as achaic Homo sapiemssisting of the well
known Neandertals (Neanderthals) among others.

(b) A later group - Homo sapiens which werggptally indistinguishable

from modern humans.

Neanderthals: The Neanderthals lived in Europad Western Asia from

70,000 to about 32,000 years ago. When comparédmotiern people, they

were powerfully built, short and stocky. Thegkulls were massive with
protruding faces, projecting noses and ratheavhéony ridges over the
brows. They had larger brain than modern humangisginobably as a result

of their massive bodies. The distinctive physieatifires of the Neanderthals

became apparent in Europe about 200,000 yearsSagdar populations of
H. sapiens were also widespread in Africa at tivaet

The tool making ability of the Neanderthals wagejuhigh. Tools like
scrappers, borers, spear points and hand axeswaele. They lived in hut-
like structures or in caves; took care of thejuiied or sick and buried their

dead. They often placed food and weapons and pefltagers beside the
dead bodies thus indicating their strong belieflife after death. They also
made simple body ornaments. Both the burial ottéwd and the making of
ornaments indicated growing consciousnesgcialization and even
spirituality. These acts went further to indeathought processes that are
characteristics of modern H. sapiens — Cro-Magnons.

4. Cro-Magnons (modern Homo sapiens)
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These were a more modern set of |jeoplthat replaced th
Nesopt=athals about 34,000 years ago. This replatenss sudden and took
place all over Europe.
Some evidence pointed to the fact that the Cro-Magrtame from Africa
where fossils of essentially modern aspects Waned in southern Africa
and Ethiopia.

The Cro-Magnons made and used sophisticated #aalsde variety of
tools were made from bones, ivory, and antler —tenmas that had not been
used earlier. They were hunters who le&il game with  comple:
foodence from their social organization showeat they might have been
the first to have had full modern language capiadsli They showed creative
abilities and made ritual paintings in caves. Taaqu then was cooler than
the present and thus favoured the drowbf grasslands, tundra anc
coniferous forests that inhibited largererds of grazing animals acros
Europe.

Human beings of modern appearance later spreadsaSiberia to the
New World, which they reached at least 12,0003®00 years ago. The
period was warmer and as people spreadughout the world, a large
number of animals and plants became extinctairinting activities — a
process that has been accelerated onégently. By the end of th
Pleistocene Epoch, about 10,000 years ago, thereomty about 10 million
people in the entire world. When this is comparéith ¥he world population
today, one would understand more clearlye threason for the increased
human pressure on world ecosystem.
Let's take another break.

Exercise 4.3

1. The first evidence of the use of fire by humaosurred at the campsite
of (a) -------- species in the Rift Valley of Kengh about (b) --------------
-- years ago.

2. Which species started indicating a strong beiielife after death? -------

That was a nice break. Our next discussion wilbbé¢he factors of human
evolution.

3.3 Factors of human evolution

There are speculations that man arosem f the australopithecine-like
ancestors.

The origin of the human stock from progressive gitreecene apes probably
occurred in late tertiary times, for man is essdly a pleistocene animal.
Man evolved during the pleistocene period and whSerentiated from his
primate relatives through perfection of details.



The evolutionary development of man from ape-like primate was
marked by four important factors, namely:
the growth and elaboration of the brain;
the perfection of erect posture;
a slowing down of postnatal development; and
the growth in human population.

PN E

These four factors of human evolution will be cdesed.

1. The growth and elaboration of the brain

Man has been a thinking animal in the course ®€kinlution. Structurally

and physically, man is inferior to many of theglewr animals that share his
environment but has distinguished himself from theroause of his superior
intelligence. Man has achieved great success urstidg himself to changes

in the environment and in overcoming his enemies @&sult of this superior
intelligence. This is attributed to the size dfie brain in relation to other

primates. For instance, the largest of moders,ape gorilla, has a brain

case with acapacity of about 500 to 600 cubitimeters. In the most
primitive man, of Pleistocene age, the cranial capavas about 900 cubic
centimeters whereas in late Pleistocened aecent man, the figure ha
ranged from a minimum of about 1,200 to a maximwh over 2000 cubic
centimeters. The size of the brain is a rough indexental development.

Thus as the brain gets larger over time, the igeslice of man increased. As
evolutionary trend progresses, the braincaseigetsasingly larger when
compared with other parts of the skulllt was also noted th:
gexeHopment of the human brain manifested in growthe frontal region.

Thus the cranium has bulged in front to give meRlefstocene and recent

times a high, broad forehead. Consequentthe face has become
increasingly vertical and the jaws proportiohathort and small. These
features led to changes in the shape of the bamaining the teeth from a

long U-shaped arch in the ancestral type to a tg@avabolic curve in the

more modern man.

Fig 3.4 Reconstruction of the skull of Homerectus and Homo sapiens
showing comparative features
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Apart from the physical changes brought abodhéskull and jaws as a

result of theincrease inthe size of therpraiher less tangible changes
occurred as a result of the growing intelligencenah. For instance, growth

in the intellect has resulted inthe ability cammunicate ideas by facial
gestures and especially by speech. It alsademman to become a tool-
making animal at an early stage in his history. iirtaufacture and use of

tools like speech has helped man to progress leyanstatus of a mere
forest—living animal that competed with other raais in making a living

from the environment.

2. The development of the upright posture

Man has, by this development, distingedsh himself from most othel
primates which are either tree or ground livingwals that walk and run on

all fours as baboons and gorillas do. By this ugrjgpsture, the hands have

been freed from being used for locomotion and Heeen made available for

handling things, for defence and for manufactytools. The ability to pick

up things and examine them has made all highergbeisnespecially man to

be curious. This curiosity leads to expentadon through which more
knowledge is acquired.

Do you know that the upright posture of man #&sbto changes in the
shape of the spinal column? In the ancestors ofegaape, the backbone
between the skull and the pelvis formed a sengplrve, so that the body
leaned forward from the hips, and the heads whrust forward from the
shoulders. In man, the vertebrae are aligned mngptex, S-shaped flexure
that throws the body and the neck into an uprigisitppn, with the head
balanced on top of the neck. This posture is ptesbibcause the forelimbs
are freed from locomotive function and the entioelyofrom head to heels is
aligned along a vertical axis in line with the feraf gravity. Furthermore,
the upright posture and the development of bipledamotion led to the
development of long legs for fast running on theugd and arms that are
shorter than those of other higher primates ttek wn four legs.
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Figd.i Comparism botwean the skelaton of g ape and Vet o s hunan being, showing details of the pelvis sod
aLhel tspuclunl alriasees
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Exercise 4.4

1. The evolutionary development of maronfr an ape like primate is

marked by four important factors. Thesee (@) ---------------- , (b)
------------------ , (€) ----------=--—--—- and (d}--------------
2. As the evolutionary trend progressefie  -------------mmm-- gets
increasingly larger when compared with other paftke skull.
3. Inman, (a) --------------- and (b) ---------- led to the development of

long legs for fast running on the ground and atmas are shorter than

those of other higher primates that walk on fogsle

We have taken a good break and we shall contintietine factors of

human evolution.
The next factor to be considered ife t slowing down of postnat:
development.

3. The slowing down of postnatal development

The increase in the process of growing up is amotfaetor in the evolution

of man. A gorilla matures at age 10 whereas itdakenan twice that age to

reach his full stature and powers. The long pesiodmaturity implies that

young human beings spend longer time under treeafaheir parents than

other primates. This in turn leads to perfectiofamfily life. As man grows

up within this period, his intelligence ncieases and his ability f
toaking also develops. All this puts man in a bettead than other animals.

4. The growth of human population
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Within the last few thousand years, mamas increased tremendously
population wise.

The progression from family to clan to tribe toioatand continents was in

quick succession as the years rolled by. This tignchuman evolution has

depended on the social behaviour of man first ldgeel within the family

group. It has been made possible by man’s capgxityo-operation and by

his realisation of the necessity for restramhis behaviour. Knowledge of

the growth in human population is important fordem world as well as

world of the future. Man’s social relationship ttiger with other intangible

physical aspects of evolution has madem unique among the othe
primates, has made him a being with a culture.

3.4 A recap of the evolution of man
The nature of man makes the study of its evolutmmiroversial. A number

of studies have been carried out on the evoludforman but there is still a
lot to learn. Because most of these studies tdaé carried out on fossils
and fossils are not common, great care had been takexamine the fossil
man. Although there are imperfections and disagesgs among different
authorities that worked on that field of knowledties general outline of the
evolution of man is fairly well defined.

Man, as stated earlier, arose from australopitleedike ancestors. The
first true man, the pithecanthropids evolved byyetar middle Pleistocene
period. These men were known from fossils foundiava and in China near
Peking. The Javanese fossils were desdnatas Sinanthropus. Because
these early men were essentially the same, they placed within a single
genus Homo and belonged to the species erectusqldosotus).

The early men were definitely more primitive thaadarn men. Their
cranial capacity was smaller (900 to 1000 cubidinesters as opposed to an
average of 1,500 for the modern man). Other diffeaéing features include
low cranium, heavy eyebrows, strong and large jathat projected farther
forward than the jaws of modern man and a recgediin. The teeth were
like those of humans but heavier with the canomgiér than the other teeth.
These early men through their skeletal ewderwere ground-living and
erect-walking primates.

The pithecanthropoids were probably forest menttaaeled in small
family groups and sought shelter in caves. Theykinew to use fire and
utilise simple tools and weapons of stoned wood. They had a lot of
advantages over other animals around them and hdd great strides along
the path leading to modern men. The pithecanthdspwere not known in
Europe but some fossil fragments were seemen tegion during the first
half of the Pleistocene period.

In the late Pleistocene times, the Neamal men appeared. A
considerable number of their skulls and dkele were found in Europe,
Asia and Africa as earlier stated.

They were of the Stone Age -the period in tdevelopment of human
culture. One of the last of the Old Stone Age mas Wro-Magnon man of
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Europe. He was a modern man belonging to the spéloeno sapiens. The
essential features of this species have prelyidaeen discussed. The Cro-
Magnon man has displaced and finally extermindted\teanderthal man in
the old world.
At the close of the Pleistocene period and dutiieg sub-recent times,
various men spread over most of the earth’s serfahey spread to North
and South America from Asia, others spread fromia As East Indies and
Pacific Islands. As men became proficient with sotthey learnt to make
clothes and dwelling places. They were able toaporit to other places and
learned to live comfortably even in Polar Regions.
Man is a very restless being and the perfectiaapnd and easy methods
of transportation and communication has madém even more restless.
Consequently the races of men have beemxing with each othe
foousands of years andthis is further @&ca&dd in modern times. Thus,
although the racial stock remains distinct, thegnation among the different
races increases as the years progress.

Exercise 4.5
1. A gorilla matures at the age of -------------

2. The cranial capacity of early mewere (a) ----------------- to
43 ) A as opposed to an average of (€}----------- for the modern
man.

The last topic we shall be discussing is the difieagion of recent humans.

3.5 Diversification of recent humans _ _
The earliest humans of modern appearance, thd/@gmons, unlike their

predecessors have developed greater ability adapt to various
environmental conditions.

Anatomically, they differed from the Neanderthat&ese they have higher

and rounder braincase, no brow ridge, athletio/l{pdrticularly the limbs).

As people gradually became less nomadic, adoppecutture and became
urbanised during the past 10,000 to 15,000 yeassigal changes continue.

With the appearance of modern humans, elaborateaémyy emerged
based primarily on fabrication of tools from etimaterials and through
more sophisticated techniques. Arts appeargd the form of sculpture,
painting and engraving and this suggested a majegldpment in symbolic
communication through the use of art (a form otaasion). People lived
and associated more, and human burials became amon®@on and often
included elaborate offerings.

These cultural manifestations led to nvass migration and general
population explosion. Before then, peoplwere nomadic hunters and
gatherers who followed games and collectaderse seasonally available
plants. Further cultural evolution of humans weasked by the transition
from hunters and gatherers to agriculturalistsidudtural revolution took
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place about 10,000 years ago. People began plasgedps, harvesting crops
and domesticating animals. These agricultur altfpes improved with time
and more varieties of crops and animalgere planted and reared
respectively. The agricultural revolution greatigpdified the environment
and had far reaching consequences, including stalhenunities at specific
sites, career specialization, writing, ‘et number and population
expansion.

It is however expected that a species as numerauwiely dispersed
as H. sapiens should have genetic differences amh@ngarious populations
and the product of different environmental pressunust have led to the
formation of such species — races. Linnaeus rasedrong ago the basic
unity of living humanity when he placed all peopleour single species — H.
sapiens. We now understand better that this bickdginity came about as a
result of common evolutionary origin.

4.0 Conclusion _ o
In this unit we have discussed the origin of mamopopular accounts of

the originof man were discussed and theseae wihe creationist and the
evolutionist accounts. The evolutionist view or caant was then discussed
in details.

5.0 Summary
The main points in this unit are:

1. Two views on the origin of man are the religiau creationist view and

the scientific or the evolutionist view.

The first Hominids emerged 5 to 10 million y&ago.

The earliest known hominids were the membetk@®fjenus

Australopithecus

4. They were succeeded by the early Hombl— habilis. These were
omnivorous and had larger brain. Theseere the first known
representative of the human lineage.
They used simple tools and showed some social ojeweint.

5. Later oncame the Homo erectus, which laager brain than their
predecessors.
They lived by gathering, scavenging and sometinuesiing. They were
the first humans to use fire and to live at timesaves.

6. These were replaced by our species, Homo sapedmout 500,000 years
ago in Africa and about 250,000 years ago in Asidl. human forms
that is Homo sapien sapiens evolved about 40,0a8fs\y@yo and formed
societies that increased greatly in cexipf especially with the
development of agriculture.

wn

Answersto the exercises

Exercise 4.1
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1. (a) creationists (b) evolutionists
2. (a) Australopithecus africanus and (b) A. rubsis
3. (a) Java (b) Perking

Exercise 4.2

1. True
2. True
3. Australopithecus

Exercise 4.3

1. (@) Homo erectus (b) 1.4 million
2. The Neanderthals, an early group of Homo sapien
3. The Cro-Magnons.

Exercise 4.4

1. (a) the growth and elaboration of the brain
(b) the perfection of erect posture
(c) aslowing down of postnatal development
(d) the growth in human populations

2. brain

3. (a) the upright posture
(b) the development of bipedal locomotion
Exercise 4.5

1. 10 years
2. (a) 900 to (b) 1 000 cubic centimeters (cP@ Bubic centimeters

6.0 Tutor—marked assignment N
1. Write short notes on (a) Homo Habilis (b) Crogvians

2. Discuss the growth and elaboration of theainbas a factor in human
evolution.

7.0 References and further reading
This unit has been adapted from

Nwagbo, C.R (2001) ‘The Origin and Nature of ManBzekwesili, N.O,

P.O. Ubachukwu and C. R. Nwagbo (ed.) Introducttoonatural sciences,
Newcrest Publishers, Onitsha.
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Module 3 Unit 5: The nature of man
Please note: The materials in this unit have beaptad from;

Nwala, T. U. (1997) ‘Man: His Origin and Nature:i Nwala, T. U. (ed.)
History and Philosophy of Science, Niger Books RBablishing Co. Ltd,
Nsukka.
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1.0 Introduction . _
In this unit, we are going to discusshe nature of

gkaexaleristics and innate qualities. In the lagt wnit 4, we discussed the
origin of man. There you were taught that thereeweso views on the origin
of man. These are the religious andthe &&ienviews. Deciding which
view to believe is a matter of personal conviction.

Having discussed origination, we will now, in thisit, study the nature of
man. This unit will help answerthe question, ‘What
gbkamaleristics and innate qualities of man?’ Adtedying this unit, you are
expected to have achieved the objectives listeavbel

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

Describe man’s nature vividly.

Explain what chromosomes are.

Indicate with an example how sex is determined.

Discuss how twins are produced and how etivironment modifies
inherited traits.

PwdE

3.0 Man’s nature S o S
You are aware that man is a living being. i.e. &g life (just like plants and

other animals). He grows and dies and has theiplascof growth and death
(or the things that make one grow and die) inbailim.
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Man eats, breathes, moves, etc. These charaast&ihas in common
with other animals. In addition, man reasons, compaies with his fellow
men through speech and other forms of commuaitand produces the
means of his subsistence in a manner far beyorad avty other animal can
do. Man has attained the highest levef cultural and intellectual
development unthinkable for any other livingeing. These have enabled
man to become master of the created beings inrtivense.

Thus, what distinguishes man and places him highehll other earthly
and visible creatures is his infinite capacitgteate. The abundance of his
creative capacity is seen in the massive and pnafeystems of thought art,
technology, morals, religion, law, society, etc,jehhhe has created. It is
also seen in the wonders of the interplanetarydontgse he has initiated, the
invisible forms of communication of thecomputer age, his destructiv
capacity, i.e., ability to destroy himself, all fios of life and all that man has
created, within a split second.

All living beings, including man, are composed otlls, i.e., the basic
unit of life. Man is made up of the most quextype of cell structure.
There are six kinds of specialized cells in maresghare:

(a) Skin cells called epithelium tissues
These tissues cover the outside of the bodycawdr those parts that
communicate with the outside. These are the maltbat, stomach, the
rest of the digestive canal, the nose, wipdpithe Iungs. Epithelium
tissues are also found in the liver and the kidiiéwe liver is the great
factory of the body, where dissolved substs from the food are
prepared for ‘burning’ to produce energy or forlmg new cells.
The kidney, on its part, is a filtering plant whevaste substances are
filtered out of the blood.

(b) Bone or connective tissues cells
These include all supportive structures of the badiuding the bones
and cartilages.

(c) Muscle cells
These are the fleshy parts of the body which ed@and contract and
thereby enable other parts of the body to funatiomove.

(d) Blood cells.

(e) Nervous tissue cells.

() Reproductive cells.

The nerves are like the telephone wires of thiypoarrying messages
from one part to another. One group of nervesrigar messages from the
brain to the muscles. Another carries messagestie other parts of the
body to the brain. The brain, togethernith the spinal cord, forr
telephone exchange. Each nerve cell haseatral body with very long
filaments reaching out from it, some to the pattcarea it serves and some
to meet the filaments of neighbouring nerve cells.

Let’s take a break.
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Exercise 5.1

1. Outline four characteristics which man has impwn with other animals.
2. Mention the six kinds of specialized cells innma

The next topic we shall discuss is the reproduatele

3.1 Reproductive cell
Thisis the cell responsible for the birth okewnorganisms. It is called the

seed or egg of reproduction. The father’s cathided the spermatozoa (or
sperm) which fuses with the mother’s cell calleel egg, to produce a new
organism or life.

Itwas Dr William Harvey who showed that eveminig thing comes
from the union of the sperm and egg. The truttualdnether human beings
and other creatures were created as they are ssghwhether man has a
special place in the scheme of things dependsetrith of the theory of
evolution. It was Anton Van Leeuwenhoe (1632 — 373a®utch naturalist,
who made ‘a detailed study of the spermaoznd showed that at the
meeting of the male sperm and the female egdeitilisation takes place,
then a new life starts’. The hitting of the ‘spot’nucleus of the ovum of the
mother by the nucleus of the father is the vitagis in the starting of a new
life.

Embryologists are the scientists who study the ldgveent of life from the
point of fertilization. They have shown thatrfrahe point of fertilization,
the development of the individual creature appéaresemble that ofits
ancestors in the long course of evolution.
The embryo of manis first a single cell, likpratozon, then a
cluster of cells together, like some of thddittwater creatures,
then a folded—in Dball, like a jelly —sHi, and so on, until a
backbone appears and four limbs borne out welleldped tail.
It never looks like an actual fish, but goe®tiyh a stage of
looking like the embryo of a fish, and anotheragst of looking
like the embryo of a quadriped.

3.2 Chromosomes (carriers of hereditary materials) _
There is a group of 46 chromosomes within the nusctd each reproductive

cell. Each chromosome contains several genes. Geadke determinants
of heredity — the process by which mental or ptglsjualities, abilities, or
illnesses pass from parents to children in thesadlthe body.
The genes are composed of what is calledxyribonucleic acid or
DNA. DNA is the protein substance, which contrdis form and function of
the cells and tissues of each particular individieathat they harmonize with
his hereditary pattern. DNA has giant moleculethwharacteristics, which
enable them to perform their functions.
DNA is thus responsible for transmitting heraditcharacter istics and for
the building of proteins.
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DNA molecules in the chromosomes function like @elplrint with every
cell in the body having a copy. This enables tlgilagion of the function of
cells so that each performs its functionaroperation with the rest. At
conception, the father’s sex cell is united with thother’s sex cell to form
one single cell.

Cells multiply into two in a continuous pattern.us) one multiplies into
two, two into four and so on. This makes growtsgible. Each group cell
makes possible the correct development of eaclhopéne body.

In order for the chromosomes to control therf@and function of the
body, every cell formed must have an exacbpy of the chromosomes
contained in the original cell. The 46 chromosoma® arranged in pairs of
23. Each pair contains one chromosome from thefatand one from the
mother, each being identical with its original. Shavery cell in the body
contains 23 chromosomes, which carry over thediry influence of the
father and which are paired with 23hrocnosomes, which carry the
hereditary influence of the mother. Consequentig’e father and mother
are of equal importance in their influence on whkiatl of person a man is.

The other major influence on a person’'s ratizr is the society and its
culture.

Since each cell contains 46 chromosomes, it is@gddhat the union of
the father’s sex cell and the mother’s sex cell gield one cell with 46 x
2, i.e. 92 chromosomes. But this is newbhe case. Before the cells are
available for initiating a new life, one membef each pair is eliminated
from the cell. The elimination is random. It collel the chromosome that
came from the parent’s father or mother manys/eago when the parent
was conceived.

Owing to this chance eliminationn, nowot cells produced b
indismual would be identical and havehe same composition of
chromosomes when they become mature. This chaheetisn operates in
preparing both the male and female sex cells faception.

It is estimated that there ear 281  billion different combination
chrofnosomes possible when the sex cells from hdsaad wife unite at the
time of conception.

Thus, no two brothers and sisters in the same yaand exactly alike with
the exception of identical twins.

| hope the material is not too difficult tanderstand. You may test
yourself by doing the following exercise.

Exercise5.2

1. The cell responsible for the birth of new ongars is called (a) -----------
--- and it has (b) ------------=-------- number chromosomes.

2. The father’s reproductive or sex cell is chll@) ------------ while the
mother’s cell is called (b) ------------- :

3. Why are brothers and sisters from the samdyamaver exactly alike?
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We have discussed the reproductive cell andhihentosomes. Let’s
now go to sex determination.

3.3 Sex determination

Are you a male or female? How do you think yougx was determined?
Read on and you will get the answer.

One chromosome in each pair of chromosomes ists@xmosome while
the rest of the 22 cells are autosomeln a female, this
ohrommsomes are alike and may be designed as x eémdmosomes (i.e,
xX). In the case of male they are different, desthas x and y (i.e.-

y). At conception one pair is eliminated. In tlzese of the female, the
one that - is retained will always be x whilelre tcase of the male it could
be x y. If X female unites with X male (xx) themal results. If x female
unites with male (x

y) then a boy results. So the sex of a child frbis tinion is a matter of
chance, ut it is the father’s sex cell, which diees the sex of the child.
This is illustrated in figure 3.6.

Farents’
bdy cells

Clameted or
sex calls -

Offapringy’
body eedly
[geretypen)

X
Femmle child

Flg 3.0 Boures: Rolerte (1971}

This shows that itis the man who determines éxeof the child. The
woman always produces x —type gametes wheréasman produces the
equal numbers of x- and y- type gametes. If &ype-sperm fuses with the
egg, the child is female xx whereas if y- typersp&uses with the egg, the
child is male xy. Our culture tends to criticeevoman who produces no
sons. It is clear this criticism | totally unjugéiél as it is the man who in the
main determines the sex of the child.



3.4 Twins _ o .
Twins? Do you know how they are determined? shhaterial will show

you. Twins may be fraternal or identical. In tese of fraternal twins, it
means that the mother released two femalecelesx at onetime for the
particular month in which conception oted, each being joined or
fertilized by separate male sex cell. And so tived were initiated at the

same time, both each having a single placentaefAattwins are no closer

to each other than any two brothers or sisterthdrcase of identical twins,

the single fertilized egg divided at the stage thie blastocyst and then two
individuals developed in a single placenta. |dattizins are mirror images

of each other. Hereditary characteristics of fradéoffsprings are different;

they may be both boys or both girls or one ,lome girl. But hereditary
characteristics of identical twins are similar. Ylaee always the same sex,

both boys or both girls. Fraternal twins make upo# all twin pregnancies

while identical ones constitute 25%.

3.5 Heredity and environment - _
Most of a child’s basic physical features are mithd. These include colour

of hair, shape of the face, general body builthuoof the eyes including
certain preferences and abilities.

However, environment and societal culturdo modify these traits.
Before birth, the environment and home surrougslinhave the influence.
And from childhood, the home, the schookremts, peers, church, etc,
continue to modify the character and personalitythe developing child.
Thus, heredity merely provides the fouimta on which environment;
society, culture and the mature decisions and ehaiic the offspring finally
determine his personality.

Exercise 5.3

1. The female and male sex chromosomes can bgnaésd as (a) ----------
-and (b) ------------ respectively.

2. Which sex cell determines the sex of the child?

3. Two types of twins are (a) ------------ and ¢p}----------

4. Characteristics which a child may inherit frdme parents include (a) ----
----------- (b) -=---=-===m=ee=e=--- @nd (C€) ----—---mnomemoume,

4.0 Conclusion
In this unit we have discussed the general chaiatiteof man. The unit has
given us information on the cell responsible far birth of new organisms,
the material responsible for whatever we inheabfrour parents. It has also
given us information on how sex is determined, Iims are produced and
finally the interrelationship between the envirominand the characters we
inherit from our parents.

5.0 Summary
The main points in this unit are:
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1. What distinguishes man and places him high alathother earthly and
visible creatures is his infinite capacity to ceeat
2. Six kinds of specialised cells in man which are
(a) skin cells called epithelium tissues
(b) bone or connective tissue cells
(c) muscle cells
(d) blood cells
(d) nervous tissue cells
(f) reproductive cells

3. Reproductive cell which is responsible for limth of new organisms
and it has 46 chromosomes.

The chromosomes which are the carriers of éneditary materials. The
hereditary materials or determinants of heredigycalled the genes.
The father’s sex cell as it determines theafeke child

Twins that may be fraternal or identical

Inherited traits that may be modified by t@isonment and societal
culture.

Nooa &

Answersto the exercises
Exercise 5.1

1. (a) Man grows (b) He eats (c) He breathesi@jnoves

2. (a) Skin cells called epithelium tissues (Bpne or connective tissue
cells (c) Muscle cells (d) Blood cells (e) Nervdissue cells

(f) Reproductive cells

Exercise 5.2

1. (a) Reproductive cell (b) 46 chromosomes
2. (a) Spermatozoa (or sperm) (b) egg
3. This is because it has been estimated that #rer281 billion different

combinations of chromosomes possible when the séxfcom husband
and wife unite at the time of conception.

Exercise 5.3

1. (@) XX (b) XY

2. The father’s sex cell

3. (a) fraternal (b) identical

4. (a) colour of hair (b) shape of the face @)eral body build

6.0 Tutor-marked assignment
1. Write short notes on the following

(a) Reproductive cell (b) Chromosomes (c) Sexrdateation
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1.0 Introduction . .
In module 3, unit 5, where we discussed the natfirean, we mentioned

that man reasons, and that what distinguishes hdrp&aces him high above

all other earthly and visible creatures is hignié capacity to create. This

creative ability is seen in the massive and profiosystems of thought, art,

technology etc. which he has created. It can adseelen in the wonders of
interplanetary intercourse he has initiated. Tass fact is what this unit will

explain fully among other things. It Wil explain to us the
hsitnie@sHipan and the entire universe surroundmgAifter studying this

unit, you are expected to have achieved the obgstisted below.

2.0 Objectives
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After studying this unit, you should be able to

1. Explain the cosmos and the cosmic environment

2. Discuss about the rotation and revolution ofdagh

3. Identify the components of the solar systemitniklations to Galaxies.
4. Discuss measurement of distance in space.

3.0 Man and his cosmic environment

3.1 The cosmos
It may interest you to know that the cosmois the world or th
gntirerse, regarded as one orderly system withuatsire, whose parts are
linked together in an orderly manner. Both phildsppnd astronomy study
the structure of the universe.
Cosmology is the areaof study (in both cigines) concerned with the
structure of the universe.
Cosmology therefore is,
1. The branch of philosophy, which studies theditire of the universe. It
deals with its origin and general structure, astg, elements, laws. It
focuses on such characteristics of the univesspace, time, causality
and freedom.
2. Also the branch of astronomy, which deals whi#thgeneral structure and
evolution of the universe. It studies the compositxtent and origins of
the universe and its various components.
The branch of philosophy which deals with the atioh and origin of
the universe is called cosmogony.

3.2 The cosmic environment
It may also interest you to know that the cosmigiremment is the entire
universe in which we live, especially those o6 iaspects or parts that are
connected with human life, survival andemests. The structure of the
cosmos as revealed by astronomy includes the garthother planets), their
satellites, the sun and other stars, the grotipstars called Galaxies, etc.
Man depends on air, heat, water and other natesalurces from the entire
cosmos, particularly his own earth and the sursdovival.
Let's take a break. You may wish to test yourselith the following
exercise.

Exercise 1.0
1. Differentiate between cosmology and cosmogony.

2. The structure of the cosmos as revealed byrastrg includes
(@ - , (b)) - = (€) - and

The topic of our next discussion is the earth. iletey to find out what
the nature of the earth is.
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3.3 The earth

The earth on which man lives is a planet or s&etif the sun. We do not as
yet have evidence of human habitation in any otkérstial body.

The earth is one of the nine planets, which ratatéheir axis and revolve
around the sun. The earth is spherical in shaperexvés around the sun in

space.

1. Rotation of the earth

It takes the earth approximately 24 hours (arotmedequator) to rotate or

turn on its axis. This rotation gives rise to dag aight as the earth faces or

turns away from the sun. The earth derives ightlirom the sun. When it

faces the sun it is day for that part of the eanttnen it turns away, it is night

for that part so affected. Does this remind you afiything? You may recall

that we discussed about this in module hbjt vi. From the explanation
above, it is easy to deduce that when it is daynie part of the earth, it will

be night in another part.

2. Revolution of the earth
It takes the earth about 365 days (i.e. one ydarfomplete one revolution
around the sun. The sun is at the centre arounchwthe earth and all the
other planets (or satellites of the sumevolve. You may recall the
discussed about this in module 2, unit 2
The earth is 93 million miles away from the slin.is 4,000 miles in
radius. Because of its spherical shape andlattered shape around the
poles, its diameter is 13 miles shorter at thegthan the equatorial radius.
The equatorial diameter is 7,9261/2 miles, whike fblar diameter is 7,900
miles.
The earth has a surface area of 19)BB0 square miles. C
55,846,000 sqg. mile surface is land, the restiater. Do you know that the
greatest known height is Mount Everest, whichd®28 feet high? While
the greatest known oceanic depth is the swire deleigh is 34,430 ft below
sea level. Mount Everest is in South Asia betweepdland Tibet.

3. Spheres of the earth

The most important spheres of the earth are thewwoig:

(a) The biosphere: This is the part of the earthist, water and atmosphere
where living organisms can subsist.

(b) The atmosphere: This is the gaseous epgdlr air) surrounding the
earth. It is of mixed gases consisting of: Nitrogé5,54.9) Oxygen (23
—14 %) Argon (1.2%) and Carbon Dioxide (0.05%).

The three sub-layers of the atmosphere are:

(i) The troposphere — the layer from the seallewabout 5 miles high at
the North Pole and 11 miles at the equator.
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(i) The stratosphere — up to 50 miles. Within si@tosphere is the region
of gas called ozone ( a special form of oxygenk ®hone gas is being
continually formed and destroyed due to radiatiomfthe sun.

Ozone is a powerful oxidising agent used intewapurification. The

ozone inthe upper atmosphere absorbs the mesjetic ultra-violet

radiation from the sun.

Radiation is dangerous to life, so the ozone layéne atmosphere is a
protective layer important for the sustenancefefdn earth.

(i) The ionosphere — from 50 miles t0 300 milabove this, the gases
become very rare. The ionosphere has two sub-laytrs mesosphere
and the thermosphere.

The various layers of the atmospherefferdi mainly in their
temperature. For the troposphere, temperaturesdoogbout 30F for
every 100 feet height. For strato sphere, it riges900 F in the ozone
layer and falls to about 1000 F at the top of #yet. For the ionosphere,
it rises to about 4,0000 F at the 300 miles up.

You may wish to test yourself with the followingezxise.

Exercise 1.1

1. The earth is a satellite of (a) ---------------- . It takes it approximately
(b) ------------- hours to rotate on its axis whiteakes it about (c) --------
---- days to complete one revolution around the sun

2. The three sub-layers of the atmosphere are-(a)------ (b) -------------

CRE——

3.4 The solar system

You may have learnt about the composition of tHarssystem elsewhere,

but read on.

The sun and the nine planets that revolve arouawld their satellites, plus
the minor planes called asteriods make up tlaa sgstem. The system is
held together by the gravitational force of tha.sCan you remember the
unit where we came across gravitational foederle? You are correct if
your answer is module 1, unit 4. The sun is g sta&e of the innumerable
stars in the universe. The nine planets Wwhievolve around the sunin
different orbits are (according to their proximitythe sun):

Mercur y (no satellite) — smallest planet.

Venus (no satellite) — most brilliant planetfi® solar system.

Earth (one satellite or moon)

Mars (2 satellites)

Jupiter (12 satellites) — largest planet ingbkar system.

Saturn (10 satellites) — second largest planet

Uranus (5 satellites)

Neptune (2 satellites)

Pluto — the outermost planet in the entirersgyatem.

wCoNoGORWNE
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In addition, there are 2,000 minor planets cadlsi@roids. Each planet
has its own moon(s) or satellite(s) which rdigte around it. The earth has
one. Mars has two moons (phobos and d¢imbkeptune has two. The
planets with large numbers of satellites are SaanchJupiter. Saturn has 10
while Jupiter has 12. Uranus has 5.

It is believed that the planets were formed fromghn, from which they
broke off as gaseous elements and gradually besahdebodies in space.

The sun itself is in motion in space and at theesame the planets rotate
around it. The planets and their satellites a&td m their relative positions
around the sun by the gravitational power of the Jinis magnetic power
holds them together asa common system. The effoenergy from the
sun, called solar energy is responsible for &lehergy and the light in the
whole solar system.

3.5 Galaxies

The sun, plus its nine planets and their satelfdes the solar system. The

solar system along with other stars and theitellgas form a collection or
group called the Galaxy. Galaxies are a largeesysif stars held together

by mutual gravitation and isolated by similaystems by vastregions of
space. Precisely, our Galaxyis called the Milksty Galaxy. The Milky

Way Galaxy contains about 100,000 million statefé are several other
galaxies (or nebulae) with different shapes inuhiwerse. The origin of the
universe and it galaxies is unknown.

3.6 Measurement of distance in space

It may interest you to know that the distancdsetween celestial objects,
especially stars and galaxies, are so great thaawé express them with
ordinary numerical notation. The wunit of amerement which is used to
measure such astronomical distances is calleghtyear. A light year is
therefore, a unit of measurement of distant objestgh as stellar (i.e. star)
distances. A light year is the distance travelselight in one mean solar

year. One light year is about 5,880,000,000,00@sr(hbbreviated Ityr).

So some distances are so great that they looksgluvhen written in plain
figures.

Hence, the use of It —year (or light year) a unit.

One set of such stellar objects is Qsasior Black Holes which are
powerful sources of radio energy. Henceeythare called Quasir-Stellar
Radio Source. Some are as far as 14 billion liglairy.

Its time to dosome exercises. Try yourestb to get all the answers
correct.

Exercise 1.2

1. The nine planets according to their proximitytte sun are (a) -----------
() e (©) S — (8) ~w--rermn (f) —-emeeee ()
_________________________ | e
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2. The energy from the sun is called --------—--
3. (a) Define Galaxies (b) Name our own GalajyHow many stars does
it contain?

4. The unit of measurement, which is usdd measure astronomical
distances, is called ---------

4.0 Conclusion _ _ _ _ _
This unit has presumably been really instructivéals given us information

on the composition of the universe, the characdtesisf the earth on which

we live, the solar system and its componentsagdtdiso given us an idea on
how distant celestial objects are to each otlaed why there are day and
night on earth.

5.0 Summary
The main points in this unit are:

1. The cosmos is the world or the entire univeegarded as one orderly
system with a structure, whose parts are linkgétteer in an orderly
manner.

2. Cosmology is the area of study concerneith the structure of the
universe while cosmogony deals with the evotuaad origin of the
universe.

3. The structure of the cosmos is made uga&f the earth (and other
planets) (b) their satellites (c)the sun atigko stars (d) the groups of
stars called galaxies.

4. Man depends, for his survival, on air, heatater and other natural
resources from the entire cosmos, particularlylas earth and the sun.

5. The earth takes approximately 24 hours to eatatits axis and 365 days
to complete one revolution around the sun.

6. Spheres of the earth are (a) the biospheria¢bdtmosphere
The 3 sub-layers of the atmosphere are
() the troposphere
(i) the stratosphere and
(i) the thermosphere.

7. The solar system is composed of the sun andl ph@nets. Each of some
of the planets have its own moon(s) or satellitesich rotate round it.

8. Galaxies are a large system of stars heldtegetoy mutual gravitation
and isolated by similar systems by vast regionspate.

9. Our solar system belongs tothe Milky W@&alaxy, which contains
100,000 million stars.

10. The unit of measurement which igsed to measure astronomica
distances is called light year.

Answersto the exercises



Exercise 1.0

1. Cosmology can be found in both philosophy asttbaomy. It is the
study of the structure of the universe while cogony is a branch of
philosophy which deals with the evolution and arigf the universe.

2. (a) the earth (and other planets) (b) theelkzs
(c) the sun and other stars (d) the groups o$ st@ted galaxies

Exercise 1.1
1. (a) sun(b) 24 hours (c) 365 days
2. (a) troposphere (b) stratosphere (c) thermergph

Exercise 1.2

1. (a) Mercury (b) Venus (c) Earth (d) Mars
(e) Jupiter (f) Saturn (g) Uranus (h)Neptune
(i) Pluto

2. Solar energy
3. a) Galaxies are a large system dftars held together b
mufralvitation and isolated by similar systems by vagtons of space.
b) Milky Way Galaxy (c) 100,000 million stars
4. Lightyear

6.0 Tutor—-marked assignment
1. Write short notes on

(a) Measurement of distances in space (b) Galaxies

2. When the earth faces the sun it is day for plat of the earth, but when
it turns away, it is night for the part soegffed. Comment and give
reasons.

7.0 References and further reading
Nwala, T. U. (1997) ‘Man and His Cosmic Environmienh: Nwala, T. U.

(ed.) History and philosophy of science, Niger Boand Publishing Co.
Ltd, Nsukka.
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1.0 Introduction

This unit iIs a continuation of wunit 1We shall discuss the

between man and his environment. But emphasiswiéilee on how man
utiises the material resources from hisatural environment

sustenance on earth. After studying thist,uyou are
achieved the objectives listed below.

2.0 Objectives
After studying this unit, you are expected to bkedo:

1. Describe the types of food man needs.

expected

2. Discuss how man produces food through agriceiland the influence

of climate, soil and vegetation.
3. Define and classify natural resources.
4. Assess the various conservation methods.

3.0 Man and his natural resources

In this unit, you will learn about the things whichture supplies man, how

these things help to sustain him and how he tae®nhserve them.

Man’s existence is sustained not only through tloegss of biological
reproduction of his existence and his offspring, thuough the utilization of
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the material resources from his naturanvironment. These include ai
(especially oxygen), water, food, economic resasi(sach as agricultural,
fishing water, animal foods, etc), mineral o@ses (such as metal, gold,
silver, iron, ore, etc), fuels (such as coal, gamd, etc).

The sun supplies him solar energy and light @saw in unit 1. The
plants provide him oxygen and energy through faafdsarious kinds. From
the foods, he derives energy which enabh@s function physically and
biologically to reproduce the cells and all theibasgans of the body. From
natural resources, he gets energy and other econesuurces including the
things he needs for technological constomcti — shelter, road, bridges,
electrical installations, communication andl atypes of industrial plants,
equipment, spare parts, transportation equipméntltas important to know
that the process of interaction and the necestgymvival has forced man to
learn to manipulate natural factors and forcessdobnefit.

Man has thus learnt the science and practice afidtyure and industr y,
and created massive cultural, social ewovo, military and political
structures and institutions. He has, thus, cretitednodern complex society.
In addition, he now reaches to other distplanets and maintains non-
visible communication across continents, landsanseand space. In section
3.4 we shall discuss the nature of these natusalrees and their various
uses.

3.1 Man and his food

You may be aware that man sustainsmséif through food an
etsentials of life such as air and water. The fowéats derives from plants
and animals. Some types are eaten just as thaleaxed from nature, for
example, fruits, vegetables, and roots. Somaee cooked or prepared ir
different ways, for example fruits, seedggetables, roots, animals etc.
Some are manufactured in different sophisticategbywa.g. cereals, sugar,
oil, flour, meat, etc which are canned or turndd wther forms.

Agriculture and industry have therefore beconfe rhajor institutions
through which man feeds himself.

3.1.1 Types of food

There are three different types of food. Generallgnts are responsible for

the production of the basic food needed by bothtpland animals through a
process called photosynthesis whichis madessible by the energy from
sunlight and water (through their roots) and edrlhon dioxide) through the
stomata in its leaves. Plants first convert waterd air into glucose — a
simpler form of sugar. This gives it potential emer

In the process of producing glucose, anfdl release oxygen,  whi
assential for man. Animals use oxygen while ni{gdaeed carbon dioxide.
When plants take in carbon dioxide, itleases oxygen. This
interdependence between man and plants in their cansumption is called
symbiosis. The earth is the only celestial bodgspntly known to contain



enough oxygen, the all-important element for th&esuance and nourishing
of life.

Basic foods needed by man

It is important to know the basic types of food nme&eds. They include:

(a) Carbohydrates: Itis the main source of rgynaeeeded by plants and
animals. The three main types of carbohydrases sugar, starch and
cellulose.

(b) Fats and oil: Plants produce fats from carbohigs.

(c) Proteins: Like carbohydrates and fatprotein contains oxygen,
hydrogen and carbon.

(d) Mineral and vitamins: Minerals are importanbtath animals and plants.

They are important constituents to human bonesh) @nd body cells

needed for the formation of blood, liver, musckgs, Three types of

mineral are iron, calcium and phosphorous. Caldgl derived from

cheese and milk, phosphorous from cheese and ireerfrom liver,

bread, peas and cabbage.

Vitamins are essential to the enzyme system atff organisms, which
enhance chemical reactions necessary for congddod into energy. Man
needs an adequate and balanced proportion of tymse of food for his
normal growth. Hence, he needs what is called @nised diet.

Its time to take a break. You may wisbh test yourself with this

exercise.

Exercise 2.0

1. Material resources from man’s natural environtmeclude (a) -----------
- (b) ~---eees O —— () ~oemmmeemee

2. Basic types of food needed by man include-fa)----- (b) ---------mmm--
(o) I (o ) . Examles of each are (e) ------------
f) —-mmmmme e (9) ----------- (h) -----==--mm--- respectively.

Since we have discussed the basic types ofd deeded by man, itis
important that we also study, how hproduces this food and the
environmental factors which affect his food praslut. Thus, the topic of
our next discussion is agriculture.

3.2 Agriculture _ _
Through the ages, man has learnt to sow andipeotthe wide variety of

plants and animals he needs to use @aatl for his survival. Fron
gwemplest process of fruits and roots gatheringlantting, he has developed

a complicated system of planting and rearing afsnHe has progressed

from using simple instruments and implements tgdascale scientific and
technologically dependent agriculture. He hasso progressed from raw
consumption of food to cooking, drying and mantifeng it into a wide

variety.
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3.2.1 Agriculture, climate and soil

You may be aware that man’ ability to produce his food ar

atirerultural needs depends on the type of chmaeather, and soil of the

region in which he lives. From ancient times, mas known these secrets

about nature. Hence, the areas that first sawedhest human settlements

and the emergence of ancient civilizatiowere areas favourable for

agriculture  and general human settlemer@sch areas include the Nile

valley, the valleys of Tigris and Euphrates in Babya, the Yangtse river of

China and the Indus river in India. You may rediadit we discussed this in

module 1, unit 5. Inthese areas, the vallaysre found fertiie and very

conducive for agriculture and secure settlemdris.rivers in these areas

often over flowed and spread silt, rich with mineteposits and nutrients

which helps crops to grow abundantly. In this waannwvas able to produce

enough food to support a large population all yeand.

It is important to know the meaning of climate, e and solil.

1. Climate is the generally prevailing weatherndibons of a region. It is
determined by the temperature, barometressure, humidity,
precipitation, sunshine, cloudiness and winds,ughout the year. It is
the average condition over a period of years. Pitation is the falling
down of products of condensation in the atmosphere.

Such products include rain, snow, and hail.

2. Weather is the prevailing state of the atmosphe regards wind, rain,
temperature, moisture, cloudiness, pressure, etc.

3. Soil is the portion of the earth’s surface dsisg of disintegrated rocks
and humus.

Humus is the dark organic material isoils produced by the
decomposition of vegetable or animal matter, wischessential for the
fertility of the earth or ground. Disintegration breakdown of rocks,
which produces soil, is accomplished by a procaied weathering. It
is done by ice and frost naturally occurring cleais and lowly plant
organisms such as algae or lichens. Soil hagamic components such
as clay, soils and sand. These are mixed witlotanic portion called
humus.

The totality of these factors determines thgesof the vegetation
which is the plants and plant life of a region.
Let's take a break. You may wish to test yoursetith the following
exercise.

Exercise2.1

1. List5 parameters for determining climate.

2. Define weathering.

Did you get all the answers correct? If so, welieloYou can proceed to the

next section. If you failed one question, donitorry; with time you will

understand the topic very well. The nexub topic to be discusse
\gegetation.



3.3 Vegetation _ . _ .
depends on the type of vegetation there. Thajor vegetational regions

Vegetation means the plant life of a region. ypetof farming done in an
area on the earth’s surface are:

1. Tundra, mountain Flora, ice cap, eg. Antaréboe.

2. Coniferous forest (Northern region and Russia).

3. Deciduous forest North-Eastern Canada, Russia.
4. Temperate rain forest, USA, China.

5. Tropical rain forest, Africa, S. America, India

6. Grassland and savannah, USA, Africa.

7. Thuru forest and shrubs, Australia.

8. Scrub and semi-desert, Africa, Australia midgkest, etc.
9. Desert, Africa, Australia, Middle East.

References to the continents above are in respéuo oelevant parts of
those continents and regions. These zones corréspdhe climatic zones
of the cold temperate, tropical and desert zones.
Large-scale farming is possible mainly in thesglands and in those
areas of the coniferous, deciduous and trop@alforests that have been
cleared by man for cultivation.
Farming is very difficult in desert, semi-deséufydra, mountain flora and
ice cap vegetations. Altitude, or height of aradrem the sea level, affects
the vegetation of several areas of the wo&b do intensive and active
human settlements. Technology has enabled maiidemce the vegetation
as well as agricultural potential of several areaf the world. Through the
use of manure, fertilizer and irrigation (fromifictal lakes, dams, canals,
etc) and the introduction of special breeds rops, man has been able to
engage in agriculture and, hence, produt@ds in regions hitherto
unsuitable for such purposes. This has happenistael, for example.

3.4 Natural resources _ _
You will recall that we mentioned the naturalo@ses man needs for his

sustenance in section 3. In this section, we slisdluss them in details. But
first we shall define the term.

3.4.1 Definition of natural resources

The term natural resources is used to signigeh things (raw materials)

man uses to satisfy his needs. Natural resourdissin sense means such

things as minerals, fuels, forest, grazing landkl-Wfe, etc. However, with

the development of ecology (the sciendbat explores the relationshi
between life and the environment in which ioccurs), the term natural
resource(s) was introduced to include all the gjsin that could be found on

the surface layer of our planet earth, namelygetiméh’s crust which is about

33 km deep at most of the oceans and seas, aradittosphere which is

made up of three layers — troposphere, the sphéwe and the ionosphere.

The reason for thisis that it has been recoghilzat the earth takes its life
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supporting form from the continuous interacti of the various elements
within it. Thus, the earth’s surface forms aregrated life-supporting unit,

which is called the biosphere. The biosphere asamein unit 1, includes

part of the earth’s crust, water and the atmospivbere living organisms

including man can subsist.

Man derives his sustenance from the biosphet@agibe makes some
input towards the maintenance of the equilibriunthef biosphere. However,
man’s contribution towards the maintenancg the life sustaining
equilibrium of the biosphere is now in doubt, hertbe present drive to curb
the ecological damages perpetrated by man. Yourg@l that in module
3,unit2, we talked about the social imgimas of man’s technological
development.

3.4.2 Classification of man’s needs for natural iurces
Man’s needs for natural resources cane Ibclassified into  priman
aadondary needs.
1. Man’s primary needs are those he requiresdaistence. For example,
internal energy inthe form of food, externehergy in the form of
adequate clothing, heat for cooking, warming ahks, etc, good water
for drinking and cooking, general hygiene damat least, marginally
polluted air with the required degree of oxygen.
2. Secondary needs of man are those needs tethaen due to man’s
desires to subdue nature to his satisfaction alsaselesthetically and
emotionally enjoy it.
These needs include the higher energy domaquired for an urban
civilization, the materials required to maintathe modern industrial
society, as well as the parks, open spa&geriences and materials
needed for recreation, etc.

Exercise 2.2
1. Man’s need for natural resources can be classifito (a) --------------

(5 n——

3.4.3 Classification of natural resources

You may be aware that natural resources coulddssified in two ways,

which are:

1. Living resources. Living resources includefatns of plants and animal
life as well as micro-organisms.

2. Non living resources are those without life, dgample, minerals.

They could also be classified into;

Renewable and

Non-renewable resources.

N =

Renewable resources
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These are resources that can reproduce or reti@mselves, for example,
plants and animal resources. Resources #se elassified as renewable
when they are maintained, rejuvenated or imptougoon by a naturally
occurring process. An example is soil formatione Hatural process of soil
formation goes on at all times, building up of smd restoring of destroyed

soil. In addition, seemingly inexhaustible resosrsech as solar energy, air

and water are regarded as renewable resources.

Non- renewable resources
These are those resources (mostly non livingureges such as fuels and
minerals), which do not usually replace themsebtrese they are used.
However, the classification of resources as renéxatd non renewable
is not so satisfactory, given the fact that knewn that all forms of natural
resources are integrated in a continuumensisting of those that
renewable over a short time and those that amn&ole over a very long
period of time. It is, therefore, necessary toae®rms of natural resources
in terms of their cycling time. The cycling timéaresource is the period it
takes to replace a particular quantity of suchsauece that has been used
with an equivalent quantity in the same useful fofimus, the difference in
terms of renewability between the tropical treedumber for timber (for
instance, iroko, obeche) and petroleum (a fossil) fuwill be the 400 — 1000
years it takes the tropical trees to mature aadtindreds of thousands of
years it takes the fossil to get renewed. A res®ig non-renewable if the
rate of its consumption or utilization surpassesycling capacity. When an
easily renewable resource (e.g. fish) is consuahedrate that would render
it non-renewable, such a resource is said to beedii
The next sub-topic we shall discuss is conservaifaratural resources.

3.4.4 Conservation of natural resources

The danger presented by non-renewability of resesir on a large scale has
created the need for the conservatioi patural resources. The
ponservation as presented in world conservati@ategy by the international

union for conservation of nature and turel resources means the

management of human use of the biosphere so timayityield the greatest

sustainable benefit while maintaining its qmial to meet the needs and

aspirations of future generations.
Conservation is carried on for other reasons dpart making resources

available on a long-term basis. Thesdhero purposes are scientific,

recreational and aesthetic.

Conservation activities serve science because ghroanservation, species
of life and biological communities are preserfer scientific study. The
disappearance of such species of life and biolbgmamunities when they
have not been adequately studied or studied & algreat loss to science
and scientific understanding of the biosphere.

Aesthetically and recreationally, conservatioreiguired to preserve some

of nature for people living in the urban areas wharn to come in contact
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with nature. For instance, people living in theamlareas usually like to see
animals such as lion s and elephants in their abhabitats. It also provides
camping sites as well as recreational facilithes.example is the Yankari
game reserve in Bauchi state.

We shall discuss the conservation or mamagé of non-living and
living resources separately.

Management of non living resources

The ways and objectives of managing and consereisgurces are different

from those concerning the management Iofing resources. Non-living

resources are managed by:

1. Beneficiation: This is the process of care wbgra resource that occurs
in an uneconomical formation is upgraded or inapdy i.e. rendered
economically viable.

Beneficiation usually depends on technalagi improvements, for
instance, manganese, cobalt, nickle and coppentbatlatively scarce

on dry ground are continuously formed as nodufethe ocean floor.

These nodules await the technology that wouabknhuman beings
collect them.

2. Maximisation: This is the sumof those swas that make for the
avoidance of waste and which also increase theuptimoh of a resource.

3. Substitution: This is the utilisation of relgcavailable resources in place
of arare one.For instance, the use of phastic place of metals for
packaging and other purposes andthe usealominum in place of
copper for certain purposes.

4. Allocation: This involves the determinationtbé best use of a particular
resource and the scheduling of such rasource for that ust
meehanism for allocation in the market (cdpith economics is the
pricing system. It depends on demand, which, omngie, Is likely to lead
to a high price. High price for a particular resm will more or less
ensure its utilization for the expected purpddes mechanism is not
ver y reliable because it is not quite amenableng-term conservation
purposes.

For instance, petroleum goes into all sorts of pot&]l whereas one may
wish to conserve it for energy purposes only.

5. Recycling: This is the gathering of waste nsed materials, reprocessing
them, and using them again in place of fresh naseThe effectiveness
of recycling depends onits being organizedsusiained on a large
scale. Living resources could also be recycled, fostance wood and
paper could be reused.

Take a break and do this exercise.

Exercise 2.3
1. Classif y natural resources and give examples.

2. Outline 4 ways of managing non-living resources



We shall now discuss the management of living nesssu

Management of living resources

The aims or purposes of managing living resouncelside:

1. To maintain very important ecologicaprocesses and life support
systems.

2. To preserve the diverse and various life fofines plants and animals)

3. To establish a sustainable pattern of how ¢ospecies and ecosystems.

The conservation of living resources involves;

1. The protection and restoration of endangeredispé¢hrough the
development of parks, game reserves, etc.

2. The sustainable or wise use of resources syragmy that resources are

not ‘mined’ through, for instance, fishing lawthat aim at restricting

harvest of fish.

3. Recycling which involves the processing of eatty used materials for
re- use.
4. Specie substitution, this is the use of readliljivatable species in place

of species with long periods of cycling. Famstance, the use of the

Kenaf trees for pulp in place of certain kindsioflier.

Management for the purposes of conservation doulolve more that
one goal. For instance, wild Ilife parkould be open to scientifi
eaateational purposes. And a protected man-mader watservoir, such as is
developed from the damming of river, could be used scientific, fishing
and recreational purposes. The management of aigydar areas for the
achievement of more than one purpose of conservatiknown as multiple
use management.

Awareness about conservation has grown frora toncern of a few
intellectuals and intellectually inclined artist® the early 19th century to
become the concern of many people includingip@its. There isnow a
growing concern about conservations, mainly coretett the increased rate
of the deterioration of the biosphere, especwilgr World War I, by all
sorts of pollutants. The 20th century ha#inessed industrialization and
urbanisation, which have generated by-productspbiite the environment
making it uncomfortable or attimes fatal teliYou may recall that we
discussed this in module 3, unit 2.

4.0 Conclusion . _ _
This unit has really been instructive. Wevétalked about man and his

food, types of food man needs for sustenance, e produces the food
through agriculture and the effects of climate oodf production. We also

discussed the various vegetational zones the world and how they
influence the type of crops that cab pkented there. The term natural
resources was discussed in details inrmse of its classifications anc
conservation.
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5.0 Summary
The main points in this unit are:

1. Man sustains himself through food and otheemsals of life such as air
and water.
Basic types of food needed by man include darthates, fats and oils,
proteins, minerals and vitamins.
3. Man’s ability to produce his food and other riagjtural needs depends
on the type of climate, weather and soil of theaegn which he lives.
4. Vegetation means the plant life of a reglomfluences the type of
farming done in an area.
5. Natural resources can be classified into two:
(a) living and non-living resources
(b) renewable and non-renewable resources.
6. Man’s needs for natural resources can kassified into primary and
secondary needs.
. Non living resources are managed by:
(a) Beneficiation.
(b) Maximisation.
(c) Substitution.
(d) Allocation.
(e) Recycling.
8. Living resources can be managed through mearsas:
(a) the protection and restoration of endangepediss through the
development of parks, game reserves, etc.
(b) recycling.

A

\l

Answersto the exercise

Exercise 2.0
1. (a) air (especially oxygen) (b) water (c) food
(d) economic resources, e.g. fishing water.

2. (a) carbohydrates (b) fats and oil (c) proteins

(d) minerals and vitamins (e) rice, yam etc (fnpaiil

(g) beans (h) minerals include iron, calciuetc. while vitamins include,
vitamin, A, C, etc.

Exercise 2.1
1. (a) temperature (b) barometric pressure (c)ithiyn
(d) precipitation (e) winds

2. Weathering is the process of disintegratinglmeaking down of rock to
produce soil.

Exercise 2.2
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1. (a) primary (b) secondary

2. Ecology is the science that explores the kaiahip between life and the
environment in which it occurs.

Exercise 2.3
1. (a) Natural resources can be classified wtbways. These are living
and nonliving resources.
() Living resources include all forms of plamtisd animal life as well as
micro organisms.
(i) Non-living resources are those without lifeg.eminerals.

(b) Natural resources can also be classified into
() Renewable resources, which are those thateyamoduce or renew
themselves, e.g. plants and animal living resources
(i) Non-renewable resources, which are mostly haing resources
such as fuels.
2. (a) beneficiation (b) maximisation (c) suhgtdn
(d) allocation

6.0 Tutor—marked assignment o _
1. Write short notes on (a) Management of livingpreces (b) Vegetation

7.0 References and further readinﬂ_ _
Nwala, T. U. (1997) ‘Man and his natural resouragsNwala, T. U. (ed.)

History and Philosophy of Science, Niger Books Radlishing Co.
Ltd, Nsukka.
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Module 4 Unit 3: Great scientists of Nigerian orign

Table of contents

1.0 Introduction

2.0 Objectives

3.1 Philip Emeagwali

3.2 Col. (Dr) Oviemo O. Ovadje

3.3 Prof. Henrietta Ukwu

3.4 Prof. Njoku Obi

3.5 Prof. Mobison Oliver Udemmadu
3.6 Prof. Bart Nnaji

3.7 Some home based computer experts
4.0 Conclusion

5.0 References

1.0 Introduction
This unit will bring us to the end of this courselistory and philosophy of

science. Here, brief biographies of worthy Nigesiawho have contributed
to science will be presented. The aim is to awakegmu the consciousness
of being a Nigerian, to inspire you, no matter tybople think of Nigeria,
to contribute to her upliftment justas Mari€urie did for her fatherland
Poland. She married a French man Pierre Curie. &otthem discovered an
element which Marie named after her country Pol&f called the element
Polonium.

After studying this unit you should be able toiagk the objective stated
below.

2.0 Objective . . N |
Discuss the contributions of Philip Emeagwali, Bénji, Col. Ovadje and

Henrietta Ukwu among others to science.

3.1 Philip Emeagwali _ o
He was born on August 23, 1954 in Akure, Nigeres. father was James

Emeagwali while his mother was Agatha. He droppe&tdbf school many
times because his parents could not afford to magdhool fees.
He earned his first diploma from the UniversityLoindon (through self-
study) in 1973, and subsequently won skholarship to Oregon Sta
University. From 1977-93, he did graduate studgfgmsional practice and
academic research in Civil Engineering d&foward University and
Transportation Engineering at Maryland State Highwedministration.
For six years, he served as a distinguished lecaifgoth the Institute of
Electrical and Electronic Engineers (thworld’s largest technical
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organisation) and the Association for Catimqg Machinery (the oldest

computer society). He has delivered many majoctuteships all over the

world, including the Massachusetts Inssitutof Technology, the United

Nations Educational, Scientific, cultural Organisat(UNESCO, Paris) and
the International Congress on Industries and AgpgWiathematics.

In 1974, Emeagwali read a 1922 science fictiorlart on how to use
64,000 mathematicians to forecast the weather tfoe whole earth. Inspired
by that article, he worked out a theoretical sché&neising 64,000 far-flung
processors that will be evenly distributed arothvedEarth, to forecast the
weather. He called it a Hyper Ball Internaal Network of computers.
Today, an International Network of Computers idezhthe Internet.

Initially, his proposal to use 64,000 computers foton an International
Network was rejected by his peers on the grountitiaould be impossible.

Since he was denied funding and employmeior a decade, he quietly

developed and wrote down his calculations incasland page monograph
which described the hypothetical use @4 binary thousand —
equivalent of 65,536 processors to perform the si®fastest computation.

In 1987, an experimental hypercube computerh 64536 processors
became available at the Los Alamos National Lalooyathe United States
government’'s prime nuclear weapons reseantre Frustrated by their
inability to programme 65,536 processors to sineuraiclear blasts, the Los
Alamos officials had a hunch to allow physicistamdate problems similar
to theirs. Fearing that the lab officials would actept him if it was known
that he was black, Emeagwali decided to submiptoposal remotely. The

lab officials approved his usage of itsomputers and he remotely

programmed 65,536 processors in Los Alamos (Newiddgx while living
in Michigan.

His success in using 64 binary — thousand procgsgave credibility
and renewed interest in his formerly rejected psapto use 64 thousand
far- flung computers to forecast the weather Mherwhole earth. Because the
topology of his rejected international networkcomputers was similar to,
but predated that, of the Internet, it was redisced. The book, History of
the Internet called him an Internet pioneer. He wated one of the twenty
innovators of the Internet and CNN called him ‘Ahier of the Internet’.

He was awarded the 1989 Cordon Bell prizepéscomputing Nobel
prize) for his contributions, which in part insgréhe petroleum industr y to
purchase one in ten supercomputers.

Emeagwali considers himself to be ‘a ackl scientist with
respoosibility to communicate science to tteekl in diaspora’. In other
words, he has a dual sensibility of being deepbted in science while using
it as a tool to remind his people in the Diaspdra/iwere they have been and
who they are. During his career, he has ivede more than 100 prizes,
awards and honours.

3.2 Col. Dr Oviemo O. Ovadije
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He is a chief consultant Anesthesiologist. He leenlrecognised worldwide
due to his contribution to product development gdinine. He invented an
Emergency Auto- Transfusion set (EATSET) whitbhas been acclaimed
internationally as Nigeria’'s contribution t&lobal Blood Safety. He has
received many awards among which are:
1. Best African Inventor/Scientist Award, 1995
2. First African winner, World Health organisatiSasakawa Award, UN
Hall, Genera Switzerland, 18 may 2000.
3. Winner ARCO Excellence in Science anf@lechnology Award,
Dorchester, London England, April 26, 2001.

3.3 Prof. Henrietta Ukwu
She also received the ARCO Award on 26 April 20fxltiie production of a

potent chicken pox vaccine (varivax) andn HIV—protease inhibitor
(crixiran) for managing AIDS patients.

3.4 Prof. Njoku Obi
In the early 1970s, Prof. Njoku Obi of the Univer®f Nigeria, Nsukka

made a vaccine which was recognised, accepteddaoplel for use by the
World Health Organization (WHO).

3.5 Prof. Mobison Oliver Udemmadu
He hails from Awo-ldemili in Orlu Local governmenarea of Imo State,

Nigeria. He left Nigeria in 1965 after his sedary school at Christ The

King College, Onitsha. For the Massacttase Institute of Technology
(M.I.T) Cambridge, Mass, USA (1965 — 1970) wherehtained degrees in
mechanical and Electrical Engineering, Computerernse, Aeronautics and
Astronautics, while working in the Distri Equipment Corporation, he
developed a computer machine for indailstriuse and became an
indispensable consultant in the America8cientific outfit, called the
National Aeronautics and Space Administration (NASAe is a director of

Ruben Engineering Corporation. In 1980, he embadkethe building of

computers — ASUTECH 800 series and ASUTECHO 8super personal
computers and super personal systems.

3.6 Prof. Bartholomew NnaE
He is from Umuode in Nkanu East Local Governmerdga®of Enugu State,

Nigeria. He was born in July 1956. He studied ati&n’s University, New
York, Virginia Polytechnic and Massachusettinstitute of Technology
(MIT). He became a professor and founder of Ab®mation and Robotic
Laboratory at the University of Massachusetts mharst.

He is the founder of the Geometric Machine Corponato affirm that
everything in use has a geometric approach. Hediedithe National Centre
for Computer-Aided Medical Devices for sualisation Diagnosis and
Surgical Intervention Systems. He is thi##st man to be named :
distinguished professor of engineering in Ameribatory.
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He consults for Digital Equipment Corpgoa, the North Atlantic
Treaty Organization (NATO), the AmericarArmy, United Nations
Development Programme and other leading internatibodies.
3.7 Some home based computer experts
Prof. Olayide Abass (UNILAG
Dr Gabriel Atah Olayi (UNCIAL)
Prof. Simeon Fatula (UNIBEN)
Prof. Yayo Akinde (FUTA)
Dr Chris Okeke (formerly of UNN)
These are some of the experts teaching compsteence in Nigerian
Universities and researching into different aspeaf technology. The list
presented here is not exhaustive. There are méaey digerian scientists in
other fields. Unfortunately, these are the onlysoheould get hold of.

A

4.0 Conclusion _
Yes, it's true all these superstars doeeign-based. They are not fully

appreciated at home and so cannot abandon thsitgatome and languish
in Nigeria. One doesn’t know how long this situatisill last. Nigeria needs
her superstars in all fields to be at home intdihinological age.

5.0 References _ _ _ _
1. Ene, J.0.(2000) History and philosophy of scéen An Outline, Enugu

Magnet Business Enterprises Publishing Divisiorydtn

2. Okwuosa, B. (1997) ‘Computer revolution’ in: B, T.U. (ed) History
and Philosophy of Science, Niger Booksd anublishing Co. Ltd.,
Nsukka.

3. www. Philip—emeagwali — 2.htm.
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Module 1 Unit 1
1. (a) Definitions of formal and empirical sciesc 2 marks each

(b) 4 examples of each = 8 marks
(c) 5 differences = 10 marks
Total 20 marks

2. (a) Aims of science (3) = 10 marks
(b) Reasons for choosing those aims = 10 marks
Total 20 marks

1. Listing of the 6 steps sequentially = 6 marksl(imark each)
2. Discussion on each = 12 marks (ie 2 marks eastiep if examples are
given = 2 marks

Module 1 Unit 2

Module 1 Unit 3

1. Definition = 2 marks

2. 3 characteristics = 3 marks (1 mark each)

3. 3events = 3 marks (1 mark each)

4. 3 of Darwin’s pieces of evidence = 3 marks @rkreach)

5. Description of evolution = 7 marks (must spgtibw natural selection
leads to evolution) = 2 marks

6. Paleontology (2 contributions and definition) marks
Genetics (definition and 1 contribution) = 5 marks
Total 30 marks

1 Detailed discussion of what the law refers ®marks

2 Explanation, with suitable examples = 5 marks

3 Clear explanation of the basic idea of the lafvuniversal gravitation =
10 marks
Total 20 marks

Module 1 Unit 4

1. a) Egyptians
(i) Specific sciences (4) = 2 marks
(i) Mentioning of specific papyri = 4 marks
(iii) Other details = 4 marks

b) Babylonians
(i) Specific sciences (2) = 2 marks

(i) Mentioning of what led to their origination&marks
Total 20 marks

Module 1 Unit 5

195



20 marks
20 marks
10 marks each

WN P

[EY

. (a) illustrations =5 marks
(b) comparisons = 10 marks
Total 15 marks

2. 10 marks each

3. 20 marks

1. a) —— Total 4 marks (2 marks for each of tisealveries)
b) —— 10 marks

2.a) —— 2 marks
b) —— 5 marks

3. a) —— 5 marks
b) —— 10 marks

4. a,b,c —— 5 marks each

Total 51 marks. Max. = 50 marks

1. Description = 20marks
Good comparison = 5marks
Total 25marks

2. Note = 20 marks
Diagram = 5 marks
Total 25 marks

Module 1 Unit 5
Module 2 Unit 2
Module 2 Unit 2
Module 2 Unit 3
Module 2 Unit 4

2. Thales of Miletus, Anaximander and Pythagoras
(@) Must mention dates = 3 marks
(b) Explanation of fundamental component of mattérmarks
each
(c) Sequence of presentation = 2 marks each
Total 24 marks

= o1

(& 10 marks
(b) 10 marks
20 marks
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a) (i) Discussion = 10 marks
(i) Examples = 5 marks
Total = 15 marks

b) (i) Discussion = 10 marks
(i) Examples = 5 marks

Total = 15 marks

1. Up to 4 differences = 4 marks
Definitions = 6 marks (2 marks for each)
10 marks

2. a, b, c, d=Definitions = 8 marks ( 2 marsdach ) = Discussions = 32
marks ( 8 marks for each)

1. i). Discussion = 15
i) Examples =5
Total 20 marks

2. a) =10 marks (examples = 4 marks)
b) = 10 marks (examples = 4 marks)
1. 5 characteristics = 5 marks

2. (a) falsifiability principle = 5 marks
(b) paradigm conservation = 5 marks
(c) inductive reasoning = 10 marks
Total = 25 marks

Module 2 Unit 5
Module 3 Unit 1
Module 3 Unit 2
Module 3 Unit 3

6
i - ) PP 10 marks
(o) FET 10 marks
2 20 marks
Total 40 marks
Reproductive cell ------------ 10 marks (definiti@arries 2 marks)
Chromosomes ------------ 10 marks
Sex determination ------------ 10 marks
(with diagram) ------------ 5 marks

Total 35 marks

'm ---------------------- 8 marks
with examples of galaxies 2 marks
Total 20 marks
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2. If the answer is in connection with rotationr—-- 5 marks
Approximate time it takes the earth to rotate --—-5 marks
Total 10 marks

1. (a) (i) aims or purpose of management - 3 sark
i) means of conservation - 7 marks
Total 10 marks

1. (b) (i) Definition - 1 mark
(i) Vegetational types - 15
(i) Influence on farming - 4
20 marks

Module 3 Unit 4
Module 3 Unit 5
Module 4 Unit 1
Module 4 Unit 2
7
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