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-Modern computers have greatly extended the scope of glacier modeling. (a) A model is a means of reducing a complex

real situation to a simple closed system that represents the essential features and to which the laws of physics can be applied.

Modeling can serve three purposes: experimentation, explanation, and prediction. Experimentation, discovering the effect of

changing the values of the controiling variables, is often the maost useful; it can never be done in the real world. An explanation may
sometimes be an illusion; the fact that a model with adjustable parameters produces plausible numerical values does not prove that
the underlying assumptions are correct. ‘Most models can be used for prediction, but first they must be tested against data.
Unambiguous testing is difficult and the temptation to use all the data to “tune” the model by adjusting parameters must be resisted.
Although these (b) pitfalls have not always been avoided, the scope of some recent ice-sheet models is lmpressive.

The approach here emphasizes the physics, combined where necessary with mathematics. No apology is made for

introducing mathematics. (c) In the author’s opinion, a mere handful of mathematical physicists, who may seldom set foot on a

glacier, have contributed far more to the understanding of the subject than have a hundred measurers of ablation stakes or recorders
of advances and retreats of glacier termini. This is not to say'that the latter are unimportant; in glaciology, as in other branches of
science, there 1s a place for both the theoretical and the experimental approach. But the two should be coordinated, and the

expeniments should be designed to solve specific problems. (d) Too often in the past, glaciological measurements have been made

on the premise that the mere acquisition of data is a useful contribution in itself. This is seldom the case.
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The important thing about Newton's theory of colodrs is not just that he was right, but the way in which he arrived at his
conclusions. Before Newton, the .wa'y. phitosophers developed their ideas about the natural world was largély through pure thought.
Descartes, for example, thought about the way in ‘which light might be transmitted from a bright object to the eye, but he did not
carry out experiments to test his ideas. Of course, Newton was not the first experimenter - Galiieo, in particular, pointed the way
with his studies of the way in which'balls rolled down inclified planes, and with his work on pendulmﬁs. But Newton was the first
person to express cl'early:thf: basis of what becamé the ‘scientific method - the combination of ideas (hypotheses), observation and
experiment on which modert 'science rests. © '

Newton's theory of colours emérged from’ experiments he carried out during his enforced sabbatical from Cambridge. By
1665, the fact that a ray of sunlight could be turned into a rainbow-like spectrum of colours by passing it through a triangular glass
prism was well known. The standard explanation of the effect was based on the Aristotelian idea that white light represented a pure,
unadulterated form, and that it became’ éoﬁupted by passing through'the glass. When the light enters the prism, it is bent, and then
follows a straight line to the other side of the triangle, where it bends again as it émcrges into the air. At the same time, the light is
spread out, from a single spot 'of white light'into a ba of colours. Working downwards from the point of the triangle, the light at the
top is bent least, and travels the shortést distance through the glass, emerging as red. Lower down, where the triangular wedge of

glass is wider, Iighl which has been bent slightly more as it enters the prism travels further through the glass, and emerges into the

®(311—3)



air on the other side as violet. In between, there are all the colours of the rainbow - red, orange, yeliow, green, blue, indigo and
violet. Using a prism held up to the ray of light entering a darkened room through a small hole in the curtain (rather like the camera
obscura set-up), the spectrurm of ‘colotirs can bedlsplayedon the wall 6pposite thés window:" ' ’

On the Aristotélian view, white ]’iﬁﬂ_t’"tl'ia"f':ha"{éfii;ré}ﬁélié&‘:tl'ié"fé'ﬁ'bfféjs:t“ distance through the glass was modified least, and
became red light. White light that hid travilied 2 Lite furitiss throughithe’ gldss i modified more;“and bécame yellow - and so on
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all the way down'to violer;” " -t _ .

R Newtoh‘déthéﬂj-‘féét’éd"Lﬁéﬁg“ideﬁ%‘filﬁi’ﬁg"%éltﬁ' pr1§nisan'd]e’nseswhlchhegroundhnnself, fryiflg to-minimize the colour
change by making lenses in different shapés. He was ‘thé: first, person t"éf.di‘s;ti'iiéuiéf-f"_'thé' Fays of different'colours, and he named the
seven coloprs'ofthespéc[rum. L TR e '

But the most important experiment Newton carried out at this time simply consisted of placing a second triangular wedge
of glass behind the first prism but the other way up. The first prism, point uppermost, spread a spot of white light into a rainbow
spectrum. The second prism, point downwards, ‘combined the spread-out colours of the spectrum Back into a spot of white light.
Even though the light had‘passéd through a further thickness of ‘glass, it had not become more corrupted, but had returned 1o s
former purity. T R S T S

- As Newton' realized, ‘this sHows thﬁi;',\ifhif'é-ﬁlight: 8§06t "pure" at’all but is a mixture of all the colours of the rainbow.

Ty

Diffetént Eolotirs of ight bénd ij/:"aiﬁercnt’é_' iints Whékthisy ard refracted; but all the'colours are present in the original white spot
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of light. It wasa rga‘vé’lutronary 'idea, both Because it overtiriiéd a basic tenet of Aristotelian philosophy and because it rested upon

the secure foundation of experiment.

"Thé-bdsiand safest ﬁiéfhéd?ﬁféﬁhﬂBédbhiz'ing"..is'eéiffs‘td"béi first to enquire-diligently into the properties of things, and to

establish those properties by experiment and then to proceed more .slbwly to hypotheses for the explanation of them. For hypotheses

should I-)“e'er_npﬁoyed only in explaining the properﬁes of things, but not assumed in determining them; unless so far as they may
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funish‘experiments.™ -
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I'oh'n‘Gr-ibbin (1995) :-Schrtidingerfs kittens and the search for reality
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K& % =Solar System
KE =Jupiter
BB 1% = orbital radius
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