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TRACHEAL-TUBE ARRANGEMENT (b/ue) dominates the cricket’s perfpheral audito-
ry system. It connects the two “ears,” which are curious structures below thé knee of each
foreleg. On each side of the body a large, funnel-shaped upper branch of the roughiy H-
shaped tube leads to an opening called a spiracle at the body surface; the tube’s lower
branch descends through the foreleg to a position between the ear’s two tympana, which
are auditory membranes overlying an array of receptor cells. Hence sound reaches each
ear not only externally, from the enviroment, but also internally, by way of sound pressure
within the tracheal tube. The cricket’s central nervous system (red) consists of a sequence
of ganglia (aggregates of neurons), which are linked by pairs of connectives, or bundles of

the fibers sent out by the neurons. The frontmost ganglion is the brain, with its optic and an- -

tennal nerves. Next comes the subesophageal ganglion, followed by three thoracic ganglia
and several abdominal ones. Sensory signals from the array of receptor cells under the au-
ditory tympana enter the prothoracic ganglion, which is the frontmost thoracic ganglion.
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To the Editors:

In “The Federal Support of Mathe-
matics” [SCIENTIFIC AMERICAN, May,
1985], Edward E. David, Jr., has ar-
gued convincingly that research and
-education in mathematics are threat-
ened unless funds are increased sub-
stantially in the near future.

Being concerned with the relations
between technology and the educa-
tional system, we find, however, that
this problem (which exists also in other
industgalized countries, including our
own) has deeper roots. In particular we
should like to point out that the gener-
al opinion of what mathematics is, and
can do, is antiquated and incorrect.
Everyone knows there are great oppor-
tunities for creative work in both the
technical and the natural sciences, but
to most people outside the scientific
community mathematics appears to
be static and sterile. In our opinion
this is at least part of the reason it
has been difficult to convince politi-
cians and administrators of the impor-
tance of mathematics and to attract
gifted young people.

The role of elementary education in
mathematics in forming most people’s
concept of the subject is therefore of
great importance. If it is true—and we
are sure it is—that most pupils leave
school with an impression of mathe-
matics as meaningless jiggling around

of formulas and proving of obvious .

statements, financial measures alone
will not produce durable results.

It is necessary to develop new educa-
tional methods that will allow more
people outside the scientific communi-
ty to appreciate the value of mathe-
matics and to take part in the public
debate about its role in society.

JENS BJORNEBOE
GUNHILD NISSEN

Roskilde, Denmark

To the Editors:

The article “Cricket Auditory Com-
munication,” by Franz Huber and
John Thorson [SCIENTIFIC AMERICAN,
December, 1985], describes an audi-
tory-neuron direction-finding system
that is remarkably similar in concept
to an electronic system developed to
measure the position of particle beams
in the accelerators at the Fermi Na-
tional Accelerator Laboratory.

In both systems, the common prob-
lem is to measure the relative power of
two signals to within a fraction of a

g teid T e,

TRV RCE 3 T o0 B

decibel when the absolute power levels
can vary by 40 or 50 decibels. In the
accelerator, passage of the beam be-
tween two small electrodes induces
signals whose relative amplitudes are
directly related to the position of the
beam. These two in-phase signals are
symmetricalily split and recombined in
quadrature (that is, with a 90-degree
relative phase shift), so that the phase
difference of the two resultant output
signals varies by about 6.6 degrees
per decibel of amplitude difference
between the two input signals.

In the cricket, the relative external
sound pressure on the two tympana is
determined by the orientation of the
cricket in relation to its chirping mate.
The coupling of the two tympana by
the tracheal tube apparently makes the
conversion from amplitude to phase.
The result is that the relative ampli-
tudes of the two input signals are com-
pletely encoded in the relative phase of
the two output signals. In the cricket,
since there is little useful information
in the amplitude of the nerve impulses
from the auditory receptors, the ome-
ga neurons in the prothoracic ganglia
must measure the relative phase of the
two nerve signals. This is apparently
accomplished by the reciprocal inhibi-
tion function in the omega-1 cells by
a mechanism similar to that of two
cross-coupled monostable multivibra-
tors in an electronic system. The beam-
position system differs from this only
in that the phase-detection circuit gen-
erates an analogue signal proportional
to the phase difference with an accu-
racy equivalent to about a tenth of a
decibel in the ratio of the input signals.

The amplitude-to-phase conversion
scheme was chosen to measure the
beam position as it accomplished the
necessary function with a minimal
amount of signal processing. It is inter-
esting that genetic selection in the
cricket led to a similar result.

ROBERT E. SHAFER

Batavia, Il

To the Editors:

I should like to correct a possible
wrong impression conveyed in the ar-
ticle entitled “The Search for Proton
Decay,” by I. M. LoSecco, Daniel Sin-
clair and me, which appeared in the
June 1985 issue of Scientific American.

The first publication applying uni-
fied gauge-theoretical ideas to the
problem of proton decay was by Jo-

-gesh C. Pati and Abdus Salam and ap-

peared in Physical Review Letters in
1973. This paper marked the begin-
ning of a development of a class of
theories that led to the current wide-

spread belief that protons do indeed
decay. Following this early work, in

1974 Howard Georgi and Sheldon Lee

Glashow discussed the so-called mini-
mal SU(5) theory, putting forward a
quantitative prediction of the proton
lifetime (which has since been ruled
out by the Irvine-Michigan-Brookha-
ven experiment described in our Sciesn-
tific American article). As we mentioned
in our article, long before the advent
of a theory, evidence for proton decay
was sought by experimentalists. This
increasingly stringent series of experi-
ments led William Kropp and me to
propose (in mid-1975) a dedicated ex-
periment designed to check proton sta-
bility more sensitively.

After we had several long discus-
sions with Salam at the University of
California at Irvine, during a visit he
made for the express purpose of dis-
cussing the experimental status of pro-
ton decay, Pati and Salam spoke with
officials of the U.S. Department of En-
ergy, urging them to support our pro-
posal. Not persuaded that the prob-
lem was worthy of further study (be-
cause the existing theory of Pati and
Salam gave no firm prediction and
the subsequent Georgi-Glashow the-
ory was still numerically vague), they
took no action for some time.

Meanwhile my colleagues at Irvine
and Case Western Reserve University
and I continued to ponder the results
we had obtained during the previous

_decade in the deep South African mine

and succeeded in pushing the limits
somewhat further. Having held for
some 25 years the general belief that
conservation laws should be tested ex-
perimentally, it was gratifying to me
that Pati and Salam had provided a
base of a more specific kind and I was
anxious to pursue the matter.

The increasingly attractive possibili-
ty that a unified gauge theory was com-
patible with—and even called for—an
unstable proton under a wide range of
assumptions was considered further
by Georgi, Helen R. Quinn and Ste-
ven Weinberg, who spearheaded the
continuing advance toward a testable

quantitative prediction. This develop--

ment, bolstered by the success of the
gauge theory of electroweak interac-
tions, led to a changed climate regard-

ing expanded experimental tests, and

the past seven years have seen a burst =

of activity worldwide.

I hope these remarks will help to
clarify the record regarding the semi-
nal contributions of the theorists Pati

and Salam to the increasingly central -

problem of proton decay.

FREDERICK REINES

Irvine, Calif.
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Figure 4. Flash display showing
horizontal position, vertical position,
and intensity vs. location”around the

Tevatron for the first turn.
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Figure 5. Profile display showing
details of the horizontal orbit
vs. location around the ring.
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Figure 6. Profile display showing
horizontal and vertical orbits, and
beam loss vs. location around ring.
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Momentun dispersion measurement with BPM difference plot.

The horizontal orbits for two momenta 0.28% apart at 800

GeV are subtracted to show the zomentum dispersion around

the 6 ka circumference. A 16 om maxinmum difference in
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