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Another Time (19731by Kenneth Noland

T HE SMART ALECK \A/ILL HAVE A FIELD DAY WITH
I this painting. "Are you sure the right end is up?,,
"H"y, that would make a nice flannel shirtl " "I like it,
but-could you do it in red?" And who's to say these
ar en' t legitimate responses ?

Lr past visits to Gallery Q we've had occasion to remark
on the special challenges presented by abstract art. When
it seems that an artist is exploring the mefium for its own
sake, or solving certain technical problems, we are cer-
tainly within our rights to ask: "What's the point?,, This
is the same cluestion sometimes posed to relearchers in
pure mathematics. Are the answers the same?

A fundamental question arises: where does the urge
to abstraction come from? Is appreciation of the abstract
innate or learned? Perhaps you have produced doodles
that you found beautiful. They depict nothing, yet
they're pleasing. Is "Another Time" a kind of doodle?
If so, what are the limits of our appreciation of doodles-

our own and others'? Whose doodles get to hang in the
museums of the world?

What we seem to appreciate in abstract art is form,
texture, balance-qualities that are difficult to talk
about. Some would find "Another Time" both evoca-
tive and elegant. It might remind you of the grid of city
streets. Infact, it looks a bit like Quantum'sbirthplace,
Washington, D.C., which is a very green city laid out in
a diamond, and whose x- and y-axes (passing through the
Capitol) are off-center. Perhaps a reader who is charmed
by the painting will look for instances of the "golden sec-
tion" (see thelanuaryfFebruary 1991 Gallery Q) or find
some other explanation for its design.

Turn to page 34 for an exploration of "elegance" in
mathematics. As in art, mathematicians "know it when
they see it." And for an exercise in "nonpure" math-
ematic,s involving networks of streets, ,"" l'Th" School
Bus and the Mud Puddles" onpage24.
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While cross-country skiers may dream
of a roaring fire in the middle of their
trek, our planet generally keeps its inner
heat to itsel{. Hot springs, geysers, and
lava flows are relatively rare on the
Earth's surface. It's not so hard to figure
out why the hot stuff stays bottled up in
the planet's interior, or how it occasion-
ally leaks out through cracks in the
Earth's crust.

You may have a harder time explain-
ing where the heat comes from. In "Tak-
ing the Earth's Temperature," Alexey
Byalko explores this question, and along
the way he uncovers some interesting
{acts about the Earth's thermal history
and its present structure. In a compan-
ion piece, A. G. W. Cameron presents a
theory for the creation o{ the Earth's
little sister-the Moon,

We hope our readers in the northem
climes have ample opportunity to engage
in winter sports and outdoor activities in
the coming months, whether or not they
enjoy the amenity depicted on our cover.
And we wish all our readers everywhere
a healthy and happy New Year!

Cover art by Leonid Tishkov
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The significance of symbols in math and science

E USE ALL KINDS OF SYM-
bols. I remember the confu-
sion this first caused me as a

novice student, and I wonder
if our readers have had similar expe-
riences. Physicists and mathemati-
cians use symbols so routinely, they
seldom give them a second thought.

Consider the kinds of symbols we
typically use. We use figures like 1,

2,3 as number symbols to represent
specific natural numbers. Then we
introduce azero and a minus sign in
iront of some them to expand this
set to form the integers'. -3, -2, -1,
0, l, 2,3 ... . Now, keep in mind that
the minus sign used here doesn't
mean the same thing as the minus
sign used for the binary operation
called subtraction. Can you see how
a kid might get confused?

Here's another example. We use
letters like a, b, c, d, or x, y, z, to
represent numbers. Unless we make
it clear when we define them, they
could be any kind of numbers, even
complex numbers. Sometimes we
use symbols like A, B, P, E to repre-
sent a point along a line, a location
on a surface, or the presence of some
object. At other times, the symbol
may represent a physical quantity,
like E for energy.

On top of the letters themselves,
we sometimes add a t)?ographicfea-
ture. Take vectors and tensors-
they require something extra if
they're to be understood. Vectors are

written as bold letters, or they carry
arows on top. A tensor might have
a double arrow or a subscript of
some sort. In fact, subscripts can be

considered the "adiectives" of scien-
tific discourse.

So scientists and mathematicians
have, by mutual agreement/ created
a host of symbols for numbers, ob-
jects, points, surfaces, volumes, and
physical cluantities. It's a lot to keep
track of. But wait-there's more.

We need symbols to express the
relationship between other sym-
bols: less than, equal to, more than,
proportional to, and so on. Then we
have operatozs-things that change
one thing or quantity into another.
All of these have their own rules of
operation-for instance, the associa-
tive and commutative laws may or
may not apply to a particular opera-
tion for certain kinds of quantities.

To further compLicate things, many
symbols in the sciences represent not
only a number but a unit associated
with that physical quantity. This
makes science more difficult than the
corresponding mathematics.

I remember when I first had to
leamsymbols.
I had trouble
transf erring
from math-
ematics to
physics. The
same equation
in physics
didn't look the
same in math.
The symbols
were different.
I was espe-
cially troubled
by Greek let-
ters, and for

some reason, if I couldn't pronounce
the name of the letter, I had trouble
with what it meant. \\'hen an equa-
tion used Greek letters, e specially
some of the more obscure ones, I had
even more trouble u'tth the ph1-sics.

To top it all off, a srudent soon
finds that there is no re al consis-
tency in the choice or use oi s1'mbols
as one moves from te st to text. You
read something rr-here t is a time
interval and T is temperature; then
you read something else where 7 is
absolute temperature, t is time, and
0 is Celsius temperature.

My point is simply that science
and mathematics overflow with sym-
bols of all kinds, and those of us who
teach or u-rite about science and
math should be careful when we de-

scribe what those symbols mean. We
need to recognize that the novice is
often slorr,ed by the effort to assimi-
late the connection between the syrn-
bol and the physical or mathematical
cluantit.v it represents.
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Symbols arepart of a chain of rea-
soning. If we want young people to
learn more than the mere manipula-
tion of syrnbols, we need to give them
direct experience with the phenom-
ena tnderlying the concepts repre-
sented by symbols. Great scientists
have that deep understanding of what
the symbols represent, and when
they see a mathematical expression
like VV, they see it as a gradient-a
vector that gives the direction and
magnitude of the greatest rate of
change of the voltageV per centime-
ter or meter. They don't just see this
in terms of its defining unit vectors
and associated derivatives, although
they recognize that forming scalar
products along any direction will give
the rate of change in that direction.
Similarly, understanding symbols in
this deep sense allows one to see the
equation V.B : 0 as indicating that
magnetic fields have no sources. Such
field lines must close on one another.
There are no magnetic poles if this
equation is true.

It's a wondrous thing that a corre-
spondence exists between mathemat-
ics, with its symbols and operations,
and empirical laws of nature. But stu-
dents will grasp that only if their
teachers can impart a deep sense of
what each symbol stands for. Other-
wise, it's-1ike the title says.

Anduheuersa
"It's all Engiish to me!" That,s

what many potential readers of
Quantum around the world might
well say. So I'm pleased to announce
the publication of a Greek version of
Quantum. We hope this is but the
first in a series of foreign-language
editions.

The Greek-language Quantum is
produced by Katoptro Publications, a
publishing house in Athens devoted
almost exclusively to scienti{ic and
educational titles. In the words of
Alex Mamalis, the director of Katop-
tro: "We believe that Quantum is
exactly what not only Greek stu-
dents and teachers but also all the
students and teachers of the world
need-the ideal magazine." I couldn,t
agree more.

-Bill G. Aldridge
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