[ 1]
Freeman Dyson “ IMAGINED WORLDS'

@O G

If we are looking for new directions in science, we must look for scientific
revolutions. When no scientific revolution is under way, science continues to move
ahead along old directions. It isimpossible to predict scientific revolutions, but it may
sometimes be possible to imagine arevolution before it happens.

There are two kinds of scientific revolutions, those driven by new tools and those
driven by new concepts. Thomas Kuhn in his famous book, The Structure of Scientific
Revolutions, talked aimost exclusively about concepts and hardly at all about tools.
His idea of a scientific revolution is based on a single example, the revolution in
theoretical physics that occurred in the 1920s with the advent of quantum mechanics.
This was a prime example of a concept-driven revolution. (5Kuhn’s book was so

brilliantly written that it became an instant classic. It misled a whole generation of
students and historians of science into believing that all scientific revolutions are
concept-driven. The concept-driven revolutions are the ones that attract the most
attention and have the greatest impact on the public awareness of science, but in fact
they are comparatively rare. In the last 500 years, in addition to the quantum-
mechanical revolution that Kuhn took as his model, we have had six major concept-
driven revolutions, associated with the names of Copernicus, Newton, Darwin, Maxwell,
Freud, and Einstein. During the same period there have been about twenty tool-driven
revolutions, not so impressive to the general public but of equal importance to the
progress of science. Two prime examples of tool-driven revolutions are the Galilean
revolution resulting from the use of the telescope in astronomy, and the Crick-Watson
revolution resulting from the use of X-ray diffraction to determine the structure of big
moleculesin biology.




The effect of a concept-driven revolution isto explain old thingsin new ways. The
effect of a tool-driven revolution is to discover new things that have to be explained.
In amost every branch of science, and especially in biology and astronomy, there has
been a preponderance of tool-driven revolutions. We have been more successful in
discovering new things than in explaining old ones. In recent times my own field of
physics has had great success in creating new tools that have started revolutions in
biology and astronomy. ,)Physics has been less successful in creating new concepts

with which to understand its own discoveries.

1)
200
(2) Thomas Kuhn

3) (@), (b)



[ 2]
J. McMurry & R. C. Fay * Chemistry” @),

(b)

Theworld israrely as orderly as textbooks make it appear. For instance, we' ve made
it seem that the distinction between liquids and solids is clear-cut and that the phase
transition between them is always sharply defined.  The truth, though, is more complex.
At certain temperatures, many substances (about 0.5% of known compounds) exist in a
phase that is neither fully liquid nor fully solid. The molecules in these liquid crystals
can move around, as in viscous liquids, but have a restricted range of motion, as in
solids. The molecules in most liquid crystals have arigid, rodlike shape with a length
four to eight times greater than their diameter. When packed together, the molecules
tend to orient with their long axes roughly paralel, like logs in a stack of firewood.
Individual molecules can migrate through the fluid and can spin around their long axis,

but they can’t rotate end over end. Severa different liquid crystalline phases exist,
depending on the amount of ordering. (5Two of the most common are the nematic

phase, in which the ends of the molecules are randomly arranged, and the smectic phase,
in which the molecules are arranged in layers.

The widespread use of liquid crystals for displays in digital watches, pocket
calculators, and computer screens hinges on the fact that the orientation of liquid-crystal
moleculesis extremely sensitive to the presence of small electric fields and to the nature
of nearby surfaces. ;A typical liquid-crystal display (LCD) contains a thin layer of

nematic liquid-crystal molecules sandwiched between two glass sheets that have been
rubbed in different directions with a thin nylon brush and then layered with tiny
transparent electrode strips made of indium/tin oxide. The outside of each glass sheet
is coated with a polarizer oriented parallel to the rubbing direction, and one of the sheets
is further coated with a reflecting mirror. Because the molecules in the liquid crystal
align parallel to the direction of rubbing, and because the two glass sheets are rubbed at
90° angles to each other, the molecules undergo a gradual 90° twist in orientation
between the two surfaces.
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(a) After exposing to acetone vapor for 3 hours, the sample specimen was re-examined
with the spectrophotometer.

(b) Thisreaction seemsto be of no practical use, if 100% yield is achieved.

(c) No distinct change in the absorption intensity was observed for both cases before
and after irradiation.

(d) There leaves some uncertainty in the value decided from the latest experiment.
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