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	          Early SCIENCE came with the dawn and development of intelligence, the expression of a widening experience, and not as a consciously planned and deliberate pursuit. It was severely practical in its content. It was not until late in the history of civilization, with the rise of the Greek states, that theories and theorizing rose to their place in the philosophies of nature. These states excelled in the creation of such philosophies. But they were still not scientific theories in our modern sense. There was no systematic and accepted method to decide whether a theory were true or false. While it was subjected to the most detailed logical examination to make certain that it was consistent in itself, there was no clear appreciation of the need for turning to nature and, indeed, of how to do this, in order to test the truth of any particular theory. Not until the sixteenth and seventeenth centuries did science consciously and deliberately turn to experiment to discover the workings of nature.
Science is Based on Experience
It is important to see the difference between an observational and an experimental science. Astronomy in its early stages was an observational science. Astronomers observed what was taking place in the heavens, catalogued the stars, recorded the times and durations of eclipses, noted the appearance of meteors and meteorites. They did not attempt to arrange or control what was taking place above, but simply observed what nature provided. They did not interfere with nature in order to discover more about it. The planets, stars, and other heavenly bodies moved on their courses independently of the will of man. He looked on.
Geology was in a similar position. The earth and its internal make-up was there, and all one could do was to discover as much as possible from the samples selected. One could not do experiments with the earth. One could not change the earth's structure, certainly not on a geological scale.
The same was true of meteorology. Weather had to be studied as it was found. Even today we have to take the weather as it comes. The earliest science was largely observational - useful as it was in spite of that.
Experimental science, which developed in Western Europe with great rapidity from the seventeenth century onwards, went a stage further. The scientist tried to control the circumstances in which he was going to observe. Behind any experimental plan lies some sort of expectation of what is likely to be found, some kind of theory of what is happening.
Experiments cannot be conducted in a mental blank - the results are already half expected before the experiment is carried through, and that expectation rests on some theory that in such and such circumstances a certain regularity will be found. The experiment, in fact, is designed to sharpen or accentuate this by arranging the circumstances in a suitable manner. It tests the truth of the theory at the same time as it establishes the facts on which the theory rests, but in order to do so it interferes with nature. By the seventeenth century man was already deliberately interfering with nature by experiment in order to make regularities show themselves sharply and clearly. Let us look at some of these in order to understand the kind of regularities that were being sought.
Simple Natural Laws
(1) A pendulum swings to and fro in such a manner that the time of swing is always the same if the length is unchanged. For the time of swing to be doubled, the length would be required to be increased four-fold; for the time to he trebled, the length would require to be increased nine-fold . . . . In mathematical form, this would be stated as: "The length of the pendulum is proportional to the square of the time of swing."
(2) If an elastic body such as a strip of rubber or a straight metal wire were pulled lengthwise, the stretch is proportional to the strength of the pull.
(3) If a length of wire were heated, then it increases by an unvarying proportion of its original length for every degree rise in temperature.
(4) A volume of gas is compressed in a cylinder. If the pressure be doubled, the volume will be reduced to half; if the pressure be trebled, the volume will be reduced to one-third, and so on, the temperature remaining unchanged.
(5) If any object were dropped in a space from which the air has been removed, then at the end of each second of fall its speed of fall will have increased by equal amounts; the amount being 32 ft. per second.
Characteristic Regularities
These represent five simple and typical regularities in nature. They provide the groundwork, the bricks and the mortar of the more elaborate theories and laws that scientists have discovered to deal with more complicated situations. Now it is important to notice certain simple features of each of these regularities.
In the first place, each states a regularity in quality. It says, for example, that to each length of pendulum there is a definite time of swing. If a piece of metal is heated it expands, if a gas is put under pressure it contracts.
In the second place, each states a regularity in quantity or amount. It tells exactly how the time of swing varies with the length, by how much a metal wire extends when its temperature rises by a given amount. It is in this respect that the question of measurement enters. In scientific work, a prediction regarding what may happen may be either qualitative or quantitative. Usually it is both. It is for this reason that it is frequently asserted that the essence of science is measurement, but it must also be stressed that the recognition of qualities and of qualitative change is also a very important feature of science.
There is a third point to which attention has to be directed. There is no scientific law that is true without restriction.
When Laws are not Applicable
It is only for small swings-or small amplitudes, as it is called-that the time of swing of a pendulum is related to the length in the simple way indicated. For other than small oscillations, the time of swing will depend also on the angle through which it swings.
It is only for a certain limited range of stretch that a metal wire or a rubber band extends in proportion to the force applied. If the stretch is large enough to rupture the material, the simple law will no longer apply.
If a wire were heated, the simple law of extension will apply only to a range of temperature well below the melting point.
The law concerning gas pressure is invalid if the temperature rises, as in a bicycle pump.
When a gas is compressed, the simple law is no longer true if the temperature of the gas is sufficiently low to bring the gas, under pressure, near to the point at which it becomes a liquid. A liquid is hardly compressed at all by moderate pressures.
Law is no Longer True
The increase in speed of a falling body will not be regular and unchanging if the body falls to earth from a very great height from any height, in fact, comparable with the diameter of the earth itself. These were the five cases that have been taken to illustrate the occurrence of a regularity in nature.
From this, therefore, it will be clear that in science one seeks: (a) the conditions under which a regularity in nature may be found, and that regularity may be either of a qualitative or of a quantitative kind. Precision in science seeks for a quantitative statement of the regularity; (b) the limits to the occurrence of the regularity, the conditions under which the regularity no longer persists. To find these limits opens the way to further development, for it suggests that if a search is made beyond the range within which the regularity occurred a new type of regularity should be found and, therefore, a new scientific discovery will be made
Fundamentally Unimportant
The illustrations we have taken are all of a scientifically simple type. However important they may have been at the time when they were discovered, they would not today be regarded as of fundamental importance. How this arises can be seen quite easily if we remember, in the first place, that each one of them is itself based on many individual experiments.
To test the truth of the law regarding the regular increase in speed of a failing body, for example, many objects of varying types would require to be dropped from different heights. When all this evidence is collected together and it is found that the same principle appears to be at work in each case, in spite of the differences that show themselves among the various types of case, the scientist is emboldened to state the general principle. He then applies it to cases not already examined.
Process of Induction
This stating of a general principle drawn from a series of particular cases is called Induction, and every scientific law, elementary or complicated is arrived at by such a process. Logically, of course, it is not justified. It does not follow from particular cases that it is true in general. Experimentally it is tried out and finds its justification in the fact that it works. 
Process of Deduction
To start with the principle, on the other hand, and to use it to discover what will happen in new circumstances, is called Deduction. Mathematics is a highly developed apparatus of thought whose object is to apply the process of deduction to certain given principles in order to discover what these principles imply in certain stated circumstances. In this way, mathematics has played a very important role in the development of scientific inquiry.
Precisely the same process is carried through in passing from any group of simple scientific laws to a deeper and more far-reaching scientific principle. For example, careful examination of the positions of the planets that move round the sun, planets like the Earth, Mars, Jupiter, Uranus, Venus, Saturn and Pluto, shows that they all move in nearly circular paths or orbits round the sun. Actually, these paths are ellipses, oval-shaped figures with the sun occupying what is called the focus of the ellipses. This is one type of regularity visible among the planets.
Again, it is found that there is a systematic regularity connecting the distances of these planets from the sun, and the time taken for each planet to make a complete circuit - that is what would correspond to the year for that planet. This relation is that the "square of the times taken to make the circuit is always proportional to the cubes of the distances".
Simplifying a Complex Law
This looks like a very complex law but, in fact, it simply states that the result of an elementary piece of arithmetic conducted for each planet always gives the same result. If a planet takes two years to make a complete circuit, the square of this time is 2x2, viz. 4. If the average distance of this planet from the sun is 150 million miles, then the cube of this number is 150,000,000 x 150,000,000 x 150,000,000, which is 34 followed by twenty-three noughts. This number divided by 4, the square of the time, gives, roughly. 8 followed by twenty-three noughts. The law says that if this calculation is carried through for every planet, the number obtained is always the same. 
There is a third planetary law relating to the changing speed with which a planet rotates round the sun as it moves along its path. It says that if a line were set out stretching from the planet to the sun, then, as the planet moves, this line would sweep out equal areas in equal times. 
Here, then, are three regularities in the motion of the planets. At first sight they seem unconnected, independent laws. It was the great achievement of Newton to show that the single principle of gravitation, that bodies attract each other with a force that falls off with the square of their distance apart-itself a great regularity in nature-sufficed to imply the truth of all these three laws.
Advancing Science
It is not our function in this chapter to set out a detailed statement of the actual basic principles in science derived by this process of induction. Our purpose is to make the process clear and to bring out how science grows by this means. Within this past half-century, great advances have been made in this way in our understanding of the world we live in. Technical advances in the construction of apparatus and in the making of fine precision instruments have enabled the innermost secrets of the structure of matter itself to be laid bare, and made it reasonable to anticipate that in the comparatively near future the vast stores of energy locked up in the atoms of matter may be turned towards the satisfaction of man's needs on a scale hitherto unreached.
In achieving this, man has to the full the success of the venture on which he set out in primitive times-the transformation of himself from being a mere creature of nature to its master. It remains for him finally, therefore, so to organize his social life as to take the fullest advantage of the mastery he has achieved.


