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discoveries. But only real experiments
can be used to validate these discover-
ies; pseudo-experiments are not accep-
table because, when one is dealing with
an unexplored phenomenon, their ba-
sic postulates can never be trusted.

This can be contrasted with many
engineering investigations, where ma-
jor factors controlling a process are
already well known, but practical solu-
tions are, nevertheless, difficult be-
cause of the many factors involved,
their complex interconnections and,
often, their probabilistic nature. Here
simulations are highly reliable and one
can often make valuable predictions.
Nuclear scientists or engineers may
use simulations in trying to find an
optimum distribution of fuel elements
in a reactor, but they must know in
advance the cross sections for the
processes involved, and only real ex-
periments can generate such data.

Simulation programs used in teach-
ing26"9 should also be highly reliable,
because we base them on solid postu-
lates such as Newton's laws or spectral
wavelengths of chemical elements.
Consequently, games like "pretend you
are Kepler" or "pretend you are Bohr"
can be very useful—at least as motiva-
tors, and often as exploratory tools in
the "what if " situations. We just have
to learn when and how to play such
games to optimize the efficiency of
learning. I would like to thank Susan
Marchand for useful comments, which
helped shape the ideas expressed in
this note.
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Ending scientific illiteracy
Your September editorial (page 144)
could lead one to despair. It stated,
" . . . we can only expect substantial
improvement... when the members of
the school board and the people . . . who
elect them are .. . convinced of the
unique importance of science . . ."

Mark Twain and H. L. Mencken took
the measure of school boards and vot-
ers, respectively. Twain wrote, "In the
beginning God made idiots. This was
for practice. Then he made school
boards." Mencken noted that no one
ever went broke underestimating the
intelligence of the American voter.
Your suggestion—to convince the sci-
entifically illiterate of the importance
of science—requires nothing short of a
cultural revolution. Of course we must
try.

The problem is exacerbated by the
scientific illiteracy—frequently com-
pounded by arrogance—of many who
are supposedly educated. The newspa-
per editor who wrote that "the calorie
is not a metric unit" probably never
took a course in physics. I cannot
recall, in my 22 years of teaching high-
school physics, ever having a student
who was interested in journalism. Con-
vincing these influential people of the
importance of physics is likely to be a
formidable task.

Much of what has been proposed for
improving schools—more hours, more
days, more homework—is likely to be
counterproductive. It would seem that
the first priority should be to convey to
students a positive image of science,
that is, the notion, attributed to Alfred
North Whitehead, that science is a
delightful intellectual activity. We all
know (or do we?) that science is a
structure of ideas based on observa-
tions. There is no good reason why
students should not be encouraged to
invent some of those ideas for them-
selves.

We also know that the most basic as
well as the simplest phenomena, re-
quiring the simplest apparatus, are
taught in physics. That is why, if we
are to turn out students who are not
only literate in science but also happy
about it, we must revise the curriculum
to teach physics before biology and
chemistry. Those subjects contain a
number of topics that can only be
taught as dogma, sans understanding,
to students who have no knowledge of
physics.

These needed changes are difficult to
effect on the local level. Strong leader-
ship is sorely needed at the state and
national levels.
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CONTROL/MEASURE
LOW TEMPERATURES

• ANY TEMPERATURE WHERE LOW
SENSOR SELF HEATING IS A MUST.
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LR-400
Auto-Balance Four Wire
AC Resistance Bridge.

41/2 DIGIT DISPLAY. 8 RANGES OF
.02f i TO 200KQ. LINEARITY .025%.
41/2 DIGIT SET RESISTANCE CONTROL
IDEAL FOR PLATINUM OR GERMANIUM
SENSORS. DIGITAL IN/OUT OPTION.
MUTUAL INDUCTANCE READOUT OP-
TION.
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LR-110
Manual Balance AC
Resistance Bridge

SETABLE TO 1 PART IN 100,000
GOOD CHOICE WHERE SENSORS
FALL BETWEEN 1kf i TO 1MQ.
3 WIRE/2 WIRE MODE.
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LR-130
Temperature Controller

CAN BE DRIVEN FROM EITHER OF
THE ABOVE BRIDGES OR FROM
YOUR OWN BRIDGE OR LOCK-IN.
WIDE-BAND, INTEGRATION, AND DE-
RIVATIVE TUNING ALLOWS FOR SU-
PERB STABILIZATION OF THERMAL
TIME CONSTANTS FROM 0.1 TO 1,000
SECONDS.
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