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Scientific bases for understanding being
MECHANICAL MAN: THE PHYSICAL
BASIS OF INTELLIGENT LIFE. By
Dean E. Wooldridge. 212 pp. Mc-
Graw-Hill, New York, 1968. $8.95

by Sanborn C. Brown

Many physicists have written exten-
sively on the scientific bases for un-
derstanding life. Perhaps most
famous of the modern physicists was
Erwin Schrodinger, whose readily ac-
cessible works on this subject are con-
tained in a book What is Life?, pub-
lished by the Cambridge University
Press in 1944. Schrodinger discussed
the concept of entropy as it applied
to organisms in contradistinction to
entropy in the physical universe and
proposed a definition of life based on
its antientropic behavior. In sharp
contrast to Schrodinger's approach,
two years ago Walter M. Elsasser
published a book through Princeton
Jniversity Press entitled Atom and
Organism in which he proposed that
life is a primary phenomenon not de-
ducible from physics or from any
other scientific discipline. Diametri-
cally opposed to this concept are the
conclusions drawn by Dean E.
Wooldrige, cofounder of The Ramo-
Wooldridge Corp. and presently a re-
search associate in engineering at the
California Institute of Technology.
Wooldridge concludes, "The properties

1 we call lifelike that differentiate living
cells from inanimate matter result di-
rectly from the nucleic acid/protein
enzyme mechanisms, and a complete
explanation of these mechanisms is
possible in terms of the operation in
inert chemical ingredients of the
ordinary laws of physical science."

After a careful introduction to the
emistry of the living process and the

evelopment of single and multicellu-
organisms, Wooldridge discusses

asic behavior mechanisms and be-
avior patterns in animals. This dis-
ussion leads up to his explanation of
ntelligence by means of the ordinary
hysical laws of nature. He closely
rallels the behavior of the brain
ith that of an electronic computer.
i argues that not only are computers

telligent, but that the ordinary laws
operation of the evolutionary pro-

Is are a valid mechanism for their

improvement. He concludes this part
of the book with: "All intelligence,
whether of computer or brain, is the
natural consequence of the powerful
symbol-manipulating capabilities of
complex switching networks and that
therefore the ordinary laws of the
physical scientist are adequate to ac-
count for all aspects of what we con-
sider to be intelligent behavior."

With this statement, the author
changes his approach to the subject
matter in the last third of the book-
to discuss such human attributes as
the physical sources of consciousness
and the explanation of personality,
free will and social attitudes based on
the ordinary laws of physics. This
last part of the book is considerably
more speculative than the material
leading up to it, but perhaps because
of this reason it is more controversially
stimulating. Such ideas as using a

disembodied human brain as the basic
computer element in fast industrial
computers and storing a man's com-
plete conscious function (.such as
memory, emotional life, goals, aspira-
tions and knowledge) on IBM cards
or memory drums, so a man can be
transported through time and space
and then recreated, if desired, are all
part of the feasibility discussion form-
ing Wooldridge's conclusion. In jus-
tification of the full title, Mechanical
Man: The Physical Basis of Intelli-
gent Life, Wooldridge summarizes as
follows: "We have learned how be-
havior, even of the kind we call in-
telligent, will probably be found to be
completely accounted for when we
have adequately developed our un-
derstanding of the properties of the
complex switching networks that ap-
pear to underlie the operation of
brains as well as computers. We have
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". . . . we can today assert that biology is indeed a branch of physical science and that
man is only a complex kind of machine." —from Mechanical Man

PHYSICS TODAY . SEPTEMBER 1968 • 89



studied evidence that the subjective
concomitant of thought and sensation
—consciousness—is also a lawful
phenomenon, with its content de-
termined in regular and predictable
fashion by the structure and electro-
chemical activity of the brain. We
have, in short, followed the develop-
ment of a strong case for concluding
that the origin and properties of the
human organism—physical, behavioral,
mental, subjective and objective—are
completely and in detail the conse-
quence of the normal interaction of
the ordinary laws and particles of
physics. In such terms, man is a
machine."

Waves and magnetoelasticity
ADVANCES IN APPLIED MECHAN-
ICS, Vol. 10/1. G. Kuerti, ed. 112
pp. Academic Press, New York,
1967. Paper $4.75

by James B. Kelley

This tenth volume in the Advances
in Applied Mechanics consists of
two papers: "Wave Propagation in
Real Gases" by Wilbert Lick of the
California Institute of Technology
and "Magneto-Elasticity and Mag-
neto-Thermo Elasticity" by Gunadhar
Paria of the Shri Govindram Seksaria
Technological Institute in India. Of
the two papers, Lick's is much longer
and marks a continuation of work the
author has been doing in this general
field for the past several years.

As Lick points out in his short in-
troduction, the analysis carried out
here is somewhat more sophisticated
than the usual linear acoustics theory
for a uniform one-dimensional me-
dium with the assumptions of con-
stancy of wave form and entropy.
The basic equations are those that de-
scribe the conservation of mass, mo-

In 1964 and 1965 Wooldridge re-
ceived the AAAS-Westinghouse
award for science writing, and he
demonstrates his ability to express
himself clearly and succinctly in this
present volume. Whether the reader
is convinced that Wooldridge has ade-
quately proved his thesis, one is left
with no doubt regarding the author's
ability to present his case in an inter-
esting and stimulating fashion.

The reviewer is professor of physics and
associate dean of the graduate school at
MIT. He is aho chairman of the ad-
visory committee on the information pro-
pram of the American Institute of Physics.

mentum and energy and the equations
of state relating the different thermo-
dynamic variables.

The problem worked out in detail is
the following: a one-dimensional,
time-dependent propagation of distur-
bances through a gas, semiinfinite in
extent; the gas is bounded by a piston
on the left and is initially in static
equilibrium. For time t > 0, condi-
tions on certain variables such as ve-
locity and temperature of the piston
will be changed to prescribed constant
values different from their initial val-
ues. Generally, as a result, a wave is
propagated to the right in the x direc-
tion; the general character of the mo-
tion is then studied. Lick calls this
problem the "signalling problem."

In the four sections following the in-
troduction, the basic equations, linear
theory, structure of steady-state shock
waves and the formation of a steady-
state shock wave are studied. Such
essential factors as viscosity and ther-
mal conductivity, chemical reaction,
mass diffusion, radiation and mag-
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netohydrodynamics (idealized to some
extent, to be sure) are considered in
the equations. The presentation is
straightforward, the assumptions real-
istic within the bounds of the condi-
tions set and the solutions handled
well. As can be easily imagined, the
solutions of the equations are not rig-
orous—this would be impossible—but
involve numerical methods that the
author spares the reader.

No presentation of this length could
be exhaustive, but Lick has done well
in striking the highlights both in his
paper and in the list of references of
some of the more recent work done in
this field. For the researcher in ap-
plied mathematics, for seminars or for
a specialized graduate course, Lick's
paper would be useful.

The problem discussed by Gunad-
har Paria, "Magneto-Elasticity and
Magneto-Thermo Elasticity," has some
special interest to the reviewer be-
cause some time ago he helped de-
velop certain nondestructive testing
methods for the internal hardness of
odd-shaped objects using the phe-
nomenon of magnetostriction. As
Paria points out in his introduction,
the possibilities for applications of
magnetoelasticity and magnetothermo-
elasticity in modern seismology, geo-
physics, acoustics, etc., are consider-
able. Despite the present interest be-
ing generated in the field, there is still
much to be done.

The development is traditional; it
begins with the elastic stress tensor for
Hooke's law in an elastically isotropic
solid and Maxwell's equations. The
Maxwell electromagnetic stress is given
in terms of the electric and magnetic
field, from which Paria develops the
modified Fourier law for heat conduc-
tion with terms to indicate the effect
of the elastic strain and the electric
current on the temperature distribution
in the solid. The author points out
that relatively few problems in mag-
netothermoelasticity have been solved,
and most of those that have been
solved are recent. It is interesting to
note that many of those attracted to
work in this field have come from out-
side the US, particularly from India
and the Soviet Union.

The problem that Paria considers in
some detail is that of magnetoelastic
stresses in an infinite medium with a
long cylindrical hole. The mathemati-
cal presentation is developed in some
detail and the basic equations are de-
veloped for two dimensions. The solu-
tion is carried out for the purely elastic
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