Nevertheless the Argonne manage-
ment is so confident of the technique
that even while the physical and chem-
ical reasons for its success are being
looked into, the laboratory is making a
proposal to the Atomic Energy Com-
mission to use it to build a supercon-
ducting heavy-ion accelerator. Accord-
ing to Bollinger the proposed machine
would combine a tandem electrostatic
accelerator of conventional design and
a superconducting linear accelerator.
The maximum energy for ions would
be 10 million electron-volts per nucle-
on.
Bollinger says the tandem alone could
do a good deal of high-resolution stud-
ies of nuclear structure. For such things
as attempting to manufacture super-
heavy elements or studies of damage
induced in materials by radiation con-
sisting of heavy ions, the combination
would be used. The laboratory does not

yet have a firm cost estimate, but some-
thing around $12 million or $13 million
seems likely. Three years ago, Argonne
made a proposal to build a similar
machine with nonsuperconducting ele-
ments. The cost estimate for that was
$25 million. With the intervening in-
flation, that design would cost sub-
stantially more today. Argonne hopes
the economies of superconductivity will
make it easier for both the AEC and the
taxpayers to approve such projects.
Bollinger stresses that so far tests of
the anodizing method have been done
only in the frequency range of interest
to the heavy-ion people, about 50 mega-
hertz. The high-energy physicists inter-
ested in building proton accelerators
with billions of electron-volts energy
require correspondingly higher frequen-
cies, and nobody yet knows whether the
niobium pentoxide coating will prevent
breakdown in that range. o

Crowding in Chicago:
Links with pathology

Laboratory studies showing that re-
search animals subjected to overcrowded
conditions are affected in detrimental
ways always pose a problem for soci-
ologists. Are the results at all applicable
to human beings or not?

Three sociologists now report on a
painstaking statistical analysis they have
done of crowding in Chicago. The study
provides an indication that high popu-
lation density does have pathological
effects on humans. But the researchers
caution that more research must be
done before there is conclusive evidence.

The three sociologists are Omer R.
Galle, Walter R. Gove and J. Miller
McPherson of Vanderbilt University.
They took as a starting point a 1962
study of rats which showed that popu-

How the European robin navigates

The journeys of migratory birds cover thousands of
miles. Some species go virtually from pole to pole, yet
their navigation is often very precise. How they do it has
been the subject of much speculation and some experi-
mentation.

Most of the suggested means of avian navigation paral-
lel those used by humans—the sun, the stars, landmarks,
ctc. In the April 7 SciENCE two German researchers,
Wolfgang Wiltschko and Roswitha Wiltschko of the Zo-
ological Institute of the University of Frankfurt am Main,
present evidence that for at least one species of bird, the
European robin (Erithacus rubecula), the mechanism is a
magnetic compass.

The Wiltschkos note that a number of recent experi-
ments have shown that birds are affected by magnetic
fields of an intensity similar to that of the earth (0.46
gauss). They determined to do some experiments to see
whether the birds found direction by magnetic means. It
turns out that the birds do use the magnetic field, but in
a way that is radically different from the mariner’s com-
pass.

The compass uses the horizontal component of the
earth’s field—the north-south polarity—to establish a base-
line from which the direction of a ship’s motion may be
measured. The birds use the vertical component of the
field, or dip. The earth’s field loops out away from the
surface of the earth so that the actual direction of the
field lines, except at the magnetic equator, is not horizon-
tal but at some angle to the ground. As one goes south
or north, the angle becomes steeper.

In the experiments, the Wiltschkos subjected caged birds
ready for the spring migration of 1971 to magnetic fields
of the same intensity as the earth’s, but with different
combinations of vertical and horizontal components. They
then determined in what direction the birds preferred to
orient their bodies. This would be, presumably, the direc-
tion they would fly if they could.

In the natural field at Frankfurt, the birds preferred a
somewhat northeasterly direction as they should. Then a
Helmholtz coil was used to impose artificial changes of
field. Reversing the north-south polarity did not seem to
give the birds any significant clue, but changing the
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Robins use the geomagnetic field to tell direction.

A is natural at Frankfurt; B, artificially contrived.

relation between the field lines and the vertical did.

From the results the Wiltschkos conclude that the rob-
ins use the angle between the vertical (the direction of the
gravitational forces they feel) and the magnetic field lines
to determine direction. They point themselves in the direc-
tion in which the angle between the gravitational force and
the magnetic force is less than its supplement. The angle
gets narrower the farther north they go so they may use
it to tell how far north they are.

By itself, however, this system is not universal. European
robins spend all their time in the northern geomagnetic
hemisphere. At the geomagnetic equator the mechanism
would fail, and in the southern hemisphere it would lead
the birds south when they should be going north. Thus
birds that cross the equator must use a different means or
supplement this one with other information.

Nevertheless this mechanism represents a highly flexible
direction finding system, the Wiltschkos say. It can adjust
to changes in the magnetic field strength over a certain
range, and is thus independent of secular changes in the
strength of the earth’s field. It does not make use of the
polarity of the field, and thus it has enabled the robins to
maintain their migration pattern in spite of the reversals of
the earth’s polarity that have occurred since the species
appeared.
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