
Measuring and Controlling
High Vacuum Can Be

A Difficult Task.
A complete measurement/control

system from MKS makes
it easy - and automatic.

The Type 292 Controller combines
the continuous ranging of the
patented MKS Ion Gauge Charge
Rate® measurement technique with
a high performance analog PID con-
troller. This 19-inch rack package
with gauge tube and control valve
not only measures pressure but
controls it. It will automatically
compensate for changes in pressure
caused by many process variables. A
choice of control valve sizes allows
input flows from 1 x 10"3 to 1 x 103

Torr liter/sec, and pressure is easily
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Torr range. Process steps can be
remotely programmed with a 0-5
VDC analog signal for process profil-
ing and minimal operator interface.
Best of all, the 292 does all this at an
affordable price.

Call us today. We're at 617-272-9255.
Or write MKS Instruments, 34 Third
Avenue, Burlington, MA. 01803

Update your vacuum system with an
MKS 292 Control System. We'd like to
show you how easy low pressure
control can be.

For product availability
call 1-800-227-8766

with persuasive experimental results.
So much analysis and application con-
densed into 430 pages makes it inevita-
ble that the coverage of the subject will
be spread thinly. However, graduate
students and professionals in pulse-
power science will find no better refer-
ence book.

Moon speaks without hesitation of
body forces on the conductor material,
which are given by the vector product
of current density and magnetic-flux
density. As an experimenter he is fully
justified and undoubtedly right to do so.
However, as a theorist, he does not echo
the spirit of modern electromagnetism.
It was Ampere who suggested that the
ponderomotive, electrodynamic force
acts on the conductor material and not
on the "electric fluid." Our relativistic
Lorentz force is supposed to attack the
drifting conduction electron that has
become the particle of the electric fluid.
How the displaced electrons and the
resulting negative space charge,
hemmed in by the surface work func-
tion, finally react on the lattice has
proved to be too much for mathemati-
cians and hence was left out of the
book.

There is no mention in the book of
Jan Nasilowski's discovery of solid-
state wire explosions (the explosion of a
metal wire before it reaches the melt-
ing point of the metal by internal strain
forces caused by a short and strong
current pulse), of an experiment by
Pano Pappas and its implications with
respect to the seat of railgun recoil
forces, nor of my work on the Ampere-
Neumann electrodynamics. A few
years are not enough for these frag-
ments of information to surface in the
flood of new scientific literature. Gone
are the days when a demonstration,
like Oersted's of the interaction of the
electric current in a copper wire with a
magnetic-compass needle, could be pub-
lished, studied and repeated all over
Europe in one short summer.

PETER GRANEAU
Massachusetts Institute of Technology

Biophysical Aerodynamics
and the Natural
Environment
A. J. Ward-Smith
172 pp. Wiley, New York, 1985. $38.95

Biophysical aerodynamics is a study
that crosses over many traditional
fields of science. It is at least as old as
Leonardo da Vinci's study of bird flight.
It is at least as fresh as the 1973
discovery by Torkel Weis-Fogh that the
small wasp Encarsia formosa employs a
clap-fling mechanism for flight. Bio-
physical Aerodynamics and the Natu-
ral Environment is a survey of such
studies.
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The author, an aeronautical engi-
neer, begins with a standard introduc-
tion to the basics of aerodynamics.
Carefully avoiding overburdening the
reader with details, he introduces at-
mospheric pressure, dynamic and kine-
matic viscosity, the Reynolds number,
shear stress, the Bernoulli principle
and the other terms important to
aerodynamics. Even here he tantalizes
the reader with the relevant range of
the Reynolds number, with spores at
the low end and birds at the other,
separated by about ten orders of magni-
tude.

The strength of the book is the host of
puzzles Ward-Smith presents. Why do
falling water drops collide if they are
similar in size, but avoid collision
otherwise? As a water drop grows, why
does it flatten, become concave on its
bottom side, develop essentially into a
bubble and then burst?

Ward-Smith explains how hexagonal
plates and needles of ice fall broad-
side—an orientation that leads to the
many halos, arcs and parhelia that one
can often see in the sky. He examines
the forces governing the fall of hail,
pointing out that the large hailstones
(up to 30 pounds) sometimes reported
in the press are unlikely because their
terminal speed of about 150 miles per
hour would surely mean their destruc-
tion when they hit the ground.

A chapter is devoted to the dispersal
of fruits and seeds. Tiny seeds, spores
and pollen develop no lift but can be
carried great distances by thermals
and the wind. Dandelions wait patient-
ly for the proper humidity, tempera-
ture and wind before releasing their
plumed parachutes. The samaras of
maples and sycamores have evolved
into helicopter wings to slow their
descent, so that they spread beyond the
region of their parent.

Birds soar and glide in rising bubbles
of hot air, broad uplifts or vertical
velocity gradients, effortlessly altering
their wing shapes and orientations for
best advantage. They also are capable
of hovering and of flying either quickly
or slowly. When they fly in flocks, all
but the lead bird position themselves so
as to enjoy the upwash left by another
bird.

Ward-Smith examines the flight of
insects, laying to rest the old and
incredible claim that the botfly can
exceed the speed of sound. Seemingly
nothing escapes his observations, not
tumbling tumbleweeds, flying frogs
and fish or gliding lemurs, not even
pterodactyls. This book works well as
an introduction to biophysical aerody-
namics, whether for classroom use or as
enjoyable reading at home.

JEARL WALKER
Cleveland State University

Astrouny. CoMolon aid Spice Physics
Accretion Power in Astrophysics. J.
Frank, A. R. King, D. J. Raine. 273 pp. Cam-
bridge U.P., New York, 1985. $59.50. Mono-
graph

Astrophysics of Active Galaxies and
Quasi-Stellar Objects. Proc. Wksp., Santa
Cruz, July 1984. J. S. Miller, ed. 519 pp.
University Science Books, Mill Valley, Cal.,
1985. $30.00

Constructing the Universe. D. Layzer.
313 pp. W. H. Freeman, New York, 1985.
$27.95. Lay readers

Dynamics of Star Clusters. Proc. IAU
Symp., Princeton, N.J., May-June 1985. J.
Goodman, P. Hut, eds. 622 pp. Reidel, Bos-
ton, 1985. $69.00

New Aspects of Galaxy Photometry.
Lecture Notes in Physics 232. Proc. Colloq.,
Toulouse, France, September 1984. J. L.
Nieto, ed. 350 pp. Springer-Verlag, New
York, 1985. $23:70

Progress in Stellar Spectral Line Forma-
tion Theory. NATO ASI Series. Proc.
Wksp., Trieste, Italy, September 1984. J. E.
Beckman, L. Crivellari, eds. 448 pp. Reidel,
Boston, 1985. $59.00

Relativistic Astrophysics and Cosmol-
ogy. Proc. Int. Sem. Theoretical Physics,
San Feliu de Guixols, Spain, June-July
1983. X. Fustero, E. Verdaguer, eds. 320 pp.

World Scientific, Singapore (US dist. Taylor
and Francis, Philadelphia), 1984. $37.00

Comet Halley: Once in a Lifetime. M.
Littmann, D. K. Yeomans. 175 pp. Ameri-
can Chemical Society, Washington, D.C.,
1985. $19.95. Lay readers

Foundations of Radiation Hydrodyna-
mics. D. Mihalas, B. W. Mihalas. 718 pp.
Oxford U.P., New York, 1984. $75.00. Text

Physics of Planetary Interiors. G. H. A.
Cole. 208 pp. Adam Hilger, Bristol, 1984.
$16.00. Monograph

Atmic. Molenlar aid Chemcal Plysics
Atomic Physics 9. Proc. Int. Conf., Seattle,
July 1984. R. S. Van Dyck Jr, E. N. Portson,
eds. 600 pp. World Scientific, Singapore
(US dist. Taylor and Francis, Philadelphia),
1985. $60.00

Autoionization: Recent Developments
and Applications. A. Temkin, ed. 261 pp.
Plenum, New York, 1985. $45.00. Com-
pendium

Fundamental Interactions in Low-Ener-
gy Systems. Ettore Majorana Interna-
tional Science Series 23. Proc. Int. Course,
Erice, Italy, March-April 1984. P. Dalpiaz,
G. Fiorentini, G. Torelli, eds. 501 pp. Ple-
num, New York, 1985. $85.00

Micro Kelvins
by Palm Beach Cryophysics
Inc., the cryogenic
INNOVATOR company.

The Model 4025 in connection
with a properly designed
systems is providing precision
control typically of <500
microkelvins.

• Four Display Sensors
• Four Control Sensors
• IEEE-488 Interface
•True 3 Mode Control
• Real Time Analog Control
•40 Watts Output
•Optical Isolation Between
Analog and Digital Circuitry

For more information contact
the C R Y O G E N I C
company which is most often
imitated but never dupl icated.
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•TEMPERATURE TRANSDUCERS*

•TECHNICAL SUPPORT-

•SYSTEM DESIGN-
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P.O. Box 2786
West Palm Beach
Florida 33402
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