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Unit 1 s
THE SCIENTIFIC: ATTITUDE

What is the nature of the scientific attitude, the
attitude of the man or woman who studies and applies
physics, biology, chemistry, geology, engineering,
medicine or any other science?®

We all know that science plays an important role
in the societies in which we live?, Many people be-
lieve, however, that our progress depends on® two
different aspects of science, The first of these is the
application of the machines, products and systems of
applied knowledge (that scientists and technologists
develop, Through technology, science improves the

structure of society and helps man to gain, increasing
control s.gxer his environment, Newiij?r};.%.f_ld drugs,
faster and safer means of transport, new systems of
applied knowledge (psychiatry, operational research,
etc,) are some examﬁles of this aspect of science,
The second aspect is the application by* all
members of society, from the government official to
the ordinary citizen, of* the special methods of
thought and actionf that scientists use in their work,
What are these special methods of thinking and
acting? First of all, it seems that® a successful sci-
entist is full of curiosity—he wants to find out how

and why the universe works, He usually directs his
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attention towards problems (which he notices have
no® satisfactory explanation, and his curiosity
makes him look for underlying relationships even if
the data available seem to be unconnected, Moreover,
he thinks he can improve the existing conditions,
whether of pure or applied knowledge’, and enqus
trying to solve the problems which this involves,

He is a good observer, accurate, patient-and
objective and applies persistent and logical thought to
the observations he makes, He utilizes the facts| he
observes to the fullest extent, For example, trained
observers obtain a very large amount of information
about a star (e, g, distance, mass, velocity, size,
etc, ) mainly from the accurate analysis of the sim-
ple lines that aFfLear in a spectrum, %v%

He is sceptical—he does not accept statements
which are not based on the most complete evidence
available—and therefore rejects authority as the sole
basis for truth, Scientists always check statements
and make experiments carefully and objectively to
verify them,

Furthermore, he is not only critical of the work
of others, but also of his own, since he knows that
man is the least reliable of scientific instuments®
and that a number of factors tend to disturb impar—
tial and objective investigation ( see Unit 8),

Lastly, he is highly imaginative since he often
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has to look for relationships in data which® are not

only complex but also frequently incomplete, Fur-

thermore, he needs imagination if he wants to make

hypotheses of how processes work and how events

take place,

These seem to be some of the ways in which a

successful scientist or technologist thinks and acts,
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the scientific attitude, the attitude of the
man --- who studies and applies physics, -
JE—/ the attitude RFi—PHFE L &, who
studies and applies physics, ---ZR&IH:E1EMN
4], 154 the man or woman,

science plays an important role in the socie—
ties in which we live, to play --- role in 7
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to depend on f&%, BT,

The second aspect is the application by all
members---, of the special methods --- by 1 of
FrslEI M N id 4818 % &0 the application,

BEIEER.

First of all, it seems that a successful scien—
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whether of pure or applied knowledge = whe-
ther they ( the existing conditions ) are of
pure or applied knowledge,

man is the least realiable of scientific inst—
ruments = man is the least realiable scientific
instrument of scientific instruments,
relationships in data which are not only--but
also:-which 3|2 RBHIHEEIEMNT, B data, in
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NUMBERS AND MATHEMATICS

It is said! that mathematics is the base of all
other sciences, and that arithmetic, the science of

Zis the base of mathematics, Numbers con-

numbers,
sist of whole numbers ( integers ) which are formed
by the digitso, 1, 2, 3, 4, 5, 6, 7, 8 and 9 and by
combinations of them, For example, 247—two hun-—
dred and forty seven—is a number formed by three
digits, Parts of numbers sma%{r than 1 are sometimes
expressed in terms of® f tons, ,but in scientific
usage they are given as degisrhm%,ﬁ'{? is because it
is easier to perform* the various mathematical oper-

ations if decimals are used instead of fractiogs, The

main operations are; to add, subtract, multjply and

i

to

di\vide; to sq}rx}are, cule or raise to any other gowers
lake a squdre, b or any other root and to find
a ratio or proportion between pairs of numbers or a
series of numbers, Thus, the decimal, or ten—scale, +#2

{‘/M

system is used for scientific purposes throughout the
world, even in countries whose national systems of
weights and measurements are based upon other

scales, The.other scale in general use nowadays is the

Jhainay 1@?2, ] ,
bmar)},or two-scale, in which numbers are express-
ed by combinations of only two digits, oand 1, Thus,

in the binary scale, 2 is expressed as 101, 3 is giv-
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en as 011, 4 is represented as 100, etc, This scale is
perfectly adapted to the ‘off-on? pulses of electrici-
ty, so it is widely used in electronic computers; be—
cause of its simplicity it is often called ‘the lazy
schoolboy’s dream?|

"elgibn
Other branches of mathematics such as @
and geometry are also extensively used in man 1

ences and even iz some areas of philosophy, More
specialized extensions, such as probability theory and
group theory, are now applied to an increasing range
of activities, from economics and the design of expe—
riments to war and politics, Finally, a knowledge
of statistics is required by every type of scientist for
the analysis of data, Moreover, even an elementary
knowledge of this branch of mathematics is sufficient
to enable the journalist to avoid misleading® his

readers, or the ordinary citizen to detect the attempts

which are constantly made to deceive him,

ER
It is said A {138, B,
the science of numbers &2 arithmeticJRI{LIE.

in terms of /T4 EIE, Rl--HHR,
~1f 1s easier to perform the various mathema-

tical operations, adj+to+ BREFhiA%E#H, per—
form operations #{Ti5E.,
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Unit 8

SCIENTIFIC METHOD AND THE METHODS OF
SCIENCE

It is sometimes said that there is no such thing
as the so—called ‘scientific method’; there are onmly
the methods used in science, Nevertheless, it seems
clear that there is often a special sequence of proce-
dures which is involved in' the‘esltgbjggmggt of the
working principles of science, This sequence is as
follows®*; (1) a problem is recognized, and as much
information as appears to be relevant® is collected;
(2) a solution (i,e, a hypothesis) is proposed and
the consequences (farisingvguit__ of this solution} are
deduced; (3) these deducﬁons are tested by experi-
ment, (and as a result® the hypothesis is accepted.
wodified or discarded,

[ As an illus;fré.tion of this we can consider tt
disvovery of air—pressure,® Over two thousand yea: :
ago, men discovered a method of raising water from
one level to another by means of the vacuum pump,
When, however, this machine passed into general use
in the fifteenth and sixteenth centuries, it was dis—
covered that, no matter how perfect the pump was,
it was not possible to raise water \(ex:ti“c__glly more
than about 35 feet, Why? Galileo, amongst others,
recognized the problem, but failed t;/s;ﬁsig G
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The problem was then attacked by Torricelli,
Analoglzxng from the recently-discovered phenomenon
of water—pressure (hydrostatic pressure), he 4 =
_L_a/tggsthat a deep ‘sea of air’ surrounded the“€arth;
it was, he thought, the pressure of this sea of air
‘which pushed on the surface’ of the water and
caused it to rise in the vaccum tube of a pump, A
hypothesis, then, was formed, The next step was to
deduce the consequences of the hypothesis, Torricelli
reasoned that this ‘air pressure’ would be unable to
push a liquid heavier than water as high as 35 feet,
and that a column of mer for example, which
weighed about 14 times more éf 1 water, would rise
to only a fourteenth of the height of water, i,e,
approximately 2,5 feet, He then tested this deduction

s

by means of the experiment we all know, and found
hat the mercury column measured the height predict-
ed, The experiment therefore supported the hypo-
thesis, A further inference was drawn by Pascal,

who reasoned that if this ‘sea of air’ existed, its
pressure at the bottom (i e, sea-level) would be great-
er than its pressure further up, and that therefore
the height of the mercury column would decrease in
proportion to? the height above sea-level, He then
carried the mercury tube to the top of a mountain
and observed that the column fell steadily as the

height increased, while another mercury column at
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theboktainTof the mountain remained steady'{an ex-
ample of another of the methods of'sciente, the con—
trolled experiment!®), This-further proof bhot only
established Torricelli’s hypothesis more securely, but
also defmonstrated that, insonie aspects, “air behaved
like waters this, of 'course, stimulated further en—
quiry,

TR
: be in1aolved in PR,
G as follows 71 F, #l she wrote as follows Tt B
=i
3 4 and as much information as appears to be
( relevant ?Jﬁé\%mﬂﬁﬁﬁ%éﬁﬁﬂ as much-..as::
qe-—RR %, Bl (\al)/As much steel as is in the
storehouse has been made use of, TEEIL
SHNMEHBELESPHERRT, (b) He has as
many books on mathematics as I have fF
B BMBH—HS,
47 arising out of this solution A X/M@RPe/piEEIE
o
5. as a result 8, BJF

As an illustration of this we can consider the

°

discovery of air—pressure, =We can consider

the diSCox\ry of air-pressure as an illustraton
of this, ERWREAE RN T RRE,
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a special sequence,

It was:-the pressure---which. pushed on the
surface::-, It was--whichJRIADE  FI 1t was
a key which I found in his pocket, H7EMO
RERIWR—CHR, THE he thought HIEA
Bo

Galileofin EB% ( 1564—1647 ) BAFI MR EE MK

XEK,
Torricelli 3£ EFHE ( 1608—1647 ) & kFI ¥ 2%
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Pascal B Hiin ( 1623—1662 ) IEETFHEF A ) &
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the controlled experiment XfRZLES, 45058,



Unit 4
PURE AND APPLIED SCIENCE

As students of science you are probably some-
times puzzled by the terms ‘pure’ and ‘applied? sci-
ence, yAre these two totally different activities, hav-
ing! little or no interconnection, as is often implied??
Let us begin by examining what is done by each,

Pure science is primarily concerned with® the
development of theories (or, as they are frequently
called, models) establishing relationships between the
phenomena of the universe, When they are sufficient-
ly validated, these theories (hypotheses, models)
become the working laws or principles of science, In
carrying out this work, the pure scientist usually
disregards its application to practical affairs, con—
fining his attention to* explanations of how and why
events occur, Hence, in physics, the equations des—
cribing the behaviour of fundamental particles, or in
biology, the establishment of the life cycle® of a
particular species of insect living in a Polar environ—
ment, are said to be examples of pure science (basic
research), having® no apparent connection (for the
moment) with technology, i,e, applied science,

Applied science, on the other hand, is directly
concerned with the application of the working laws

of pure science to the practical affairs of life, and
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to increasing man’s control over his envxronme%u
thus leading to the development of new techniques, g
precesses and machires{ Such activitiesias inmvestigas
ting the strength and uses of materxals, extendlng
the f}pdmgs of pure mathematxcs to 1mprove the
samphrg procedures used iz agnculture or the socxal‘:
sciences, and developing the @tentlahtxes of atomlc'
energy, are all examples of the work of the applied
scientist or technologist, !

It is evident that many branches of applied sci-
ence are practical extensions of purely theoretical or
experimental work, Thus the study of radioactivity
began as a piece of pure research, but its results are
now applied in a great number of different ways—in
cancer treatment in medicine, the development of
fertilizers in agriculture, the study of metal-fatigue
in engineering, in methods of estimating the ages of
objects in anthropology and geology, etc, Conire_rse—
ly,® work in applied science and technology.fre—
quently acts as a direct stimulus to the development of
pure science, Such an interaction occurs, for example,
when the technologist, in applying a particular con—
cept of pure science to a practical problem, reveals
a gap or limitation in the theoretical model, thus
pointing the way for further basic research, Often a
further interaction occurs, since the pure scientist is

unable to undertake this further research until an-—
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