The Status and Development of Biophysics

Ralph W. Stacy
Department of Physiology, The Obio State University, Columbus

N THE PAST HUNDRED YEARS a number of
text and reference books have been written on
“biophysics.” Each has contained that material
which the author considered as biophysics, and

each has differed from all the others. Some have been
complete in one field, deficient in--others; some have
been inadequate in every field; and some have been
so comprehensive that they have included much in-
formation rightly belonging to other disciplines. The
definition of the field has varied from author to author,
and it still varies. This lack of agreement on a defi-
nition has thus far hampered the development of bio-
physics as a field.

At present there are numerous agencies desirous of
seeing such development proceed, and the near future
should see a definition emerge. There are many .ex-
cellent reasons for the currently surging interest in
biophysics. Man now travels faster and farther, higher
in the air, and deeper in the ocean, than ever before.
He is exposed to new physical influences by virtue of
the invention of new weapons and machines. We must
learn the effects of these physical influences on living
matter. Research in many biological areas has pro-
gressed to the point where physical analysis is impera-
tive. The biologist is not equipped to perform complex
physieal analyses, and the physicist usually is not
aware of the need for his ability, or he considers the
problems unworthy of his attention. Physical instru-
mentation is beecoming a discrete phase of biological
experimentation, and the biologist alone cannot supply
the needed apparatus. Therefore, a definite need for a
significant number of well-trained biophysicists is
indicated.

Modern physics is awe-inspiring to the general
publie, and perhaps to the biologist. It is even be-
coming common practice to frighten graduate students
of the biological sciences by threatening to require
advanced work in physics. There is an aura of mystery
about the physicist, his apparatus, and his mathe-
matical formulae. This mystery is a myth and is dis-
pelled by familiarity. More and more biologists are
learning physics because they are driven to it through
specific needs. As they learn physics, they become
thrilled by its prospects in biology. Like a néw re-
ligion, biophysics is. passed from one person to an-
other, gathering converts in its progress. These con-
verts are important to its continued existence.

Unfortunately, there is no uniformity in the ap-
proachof biologists interested in biophysics. Indeed,
we do not even know what a.biophysicist is! It is not
a new secience, for it has existed as long as the scien-
tific'methoc, though never as a separate science. Helm-
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holtz, the greatest of all biophysicists, worked more
than ‘a hundred years ago, and no one will dispute
his classification of his own work as biophysies. In the
past, however, hiophysics as a separate science has
ventured timidly into the world, but has retreated into
latency to await a more favorable opportunity. Now
the stage seems to be set for its appearance. There is
a growing demand for biophysicists; there are many
excellent scientists interested in the subject, and the
conditions existing in other biological sciences almost
require its development into a special subfield. Lab-
oratories of biophysies already exist in many of our
leading universities and research institutions; some
universities have new departments of biophysies, and
courses in biophysies are being offered to biology and
medical students.

~ Heretofore, the functions ascribed to biophysics
have been performed by physiologists, bacteriologists,
botanists, zoologists, physicians and, rarely, by physi-
cists. To remove biophysies from these fields is a major
amputation, for it constitutes a significant portion of
some of them and;if it were severed from the rest of
biology, it would lose its usefulness.

The heterogeneity among biophysicists does not ad-
mit of a uniform program of development for the
field. There is almost a total lack of precedent in the
training of biophysicists, for this has been haphaz-
ardly accomphshed by many devious routes in the
past. It is not surprising, then, that those concerned
with the deVelopment of biophysics as a field of en-
deavor are beset with problems. Some of these prob-
lems have seemed almost insurmountable and have
been responsible for the failure of the field to emerge
in previous times. Among the major questions are the
following :

1. What should be the scope of biophysics?

2. Should the subject be organized as a separate

~ field, or 45 a subdivision of biology or physies?

3. From what personnel sources should students be

recrnited ¢

4. What constitutes an adequate curriculum?

5. How can biophysicists be most useful to society?

" These ‘questions cannot be answered singly, for each
has a bearing on the others. This diseussion will pre-
sent ‘possible solutions. The thoughts set down herem
are of necesslty preliminary, for actual praetice may
indicate the need for appreciable revision. It is the
purpose of this paper to precipitate interest by sup-

vplymg a deﬁn1t1on of biophysics- and proposing ‘a

detailed p‘rogram for the training of biophysicists. It
is hoped- thdt iether,” more profound and practical
analyses of.the situation will be boin of this beginning.
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CURRENT VIEWS OF BIOPHYSICS

Loofbourow (1950), in a calm and ob,]ectlve analys1s
of biophysies, has subdivided the field into three main
divisions; namely, the physics of biological systems,
the biologic effects of physical agents, and the use of
physical methods in the study of biologic problems.
This is a correct definition in that it is sufficiently
broad to encompass whatever one might wish to in-
clude in it, but it is not specific enough to be of use
in planning the development of the field.

The greatest of the printed works on biophysies is
the magnificent reference edited by Otto Glasser
(1944, 1950). Its two volumes, some 3,000 pages in
length, contain authoritative articles on virtually every
subject that might be considered biophysies. Glasser
belongs to a school of thought (with which I agree)
that includes in biophysies the thorough study of all
the physical phenomena used by the biologist to study
or explain the behavior of living matter. (This con-
cept will be discussed in detail later.)

To a very large number of scientists, biophysics
means the application of nuclear physies to biology.
The Advances in Medical Physics (1948) and Sym-
posium on Applied Biophysics (1949) are devoted
almost entirely to this type of information, although
this viewpoint is not adequate from the long-range
standpoint.

A third group would limit biophysies to the study
of the physical nature of protoplasm and cells, in-
cluding such phenomena as viscosity; coagulation, gel-
ation, and thixotropy; elasticity of. protoplasm, per-
meability of membranes, and so on. They call these the
“fundamentals” of biology, and in their eyes bio-
physies should be limited to: such studies.

We may recognize a fourth (and unfortunately
large) group that looks on biophysies as the process
of furnishing instruments for use by biologists and on
the biophysicist as a gadgeteer. This is sheer sacrilege
to a true lover of the subjeet, and the danger of this
attitude cannot be overemphasized.

A fifth group, with fewer disciples than most fields
(for obvious reasons), embraces the mathematical ap-
proach to solutions of biological problems. It has been
stated, facetiously, to be sure, that young and eager
scientists often take courses in the caleulus and from
that time on consider themselves “biophysicists.” This
is not so deplorable as it may seem, for these young
specialists have become aware of a gap in their train-
ing and are striving to fill it. Admittedly, they are
rushing the issue, for they have only a glimpse of a
vast and eomplex vista of work to be done.

Still other groups lay greater or less claim to bio-
physies but, obviously, no concerted effort toward de-
velopment of the field can be made until there is wide-
spread agreement as to what shall constitute the field.
Bach of the schools of thought listed above seems to be
somewhat intolerant of the others’ claims, and one of
the cardinal needs for the future of biophysies is gen-
eral agreement on a definition of the field.
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I believe that the prineipal aims of the biophysicist
must embrace the study of the physical analysis of
biologic behavior, the determination of the effects of
physical agents on biological material, and the appli-
cation of physieal techniques to biological measure-
ment. Confining biophysics to one of the narrower
fields of endeavor listed above would be like limiting
biochemistry to the study of carbohydrates alone, or
proteins, or lipids. Separation and development as a
distinet field would not be appropriate within these
narrower concepts, but with a broad definition of
scope such separation is needed.

TaE BroAp CONCEPT OF BIOPHYSICS

There is an impressive volume of material on living
matter at the microscopie, submicroseopie, and molecu-
lar levels. This material is, of necessity, included in
the broad definition of biophysics. The worker inter-
ested in this phase of biophysies would study tissue
ultrastructure, especially with the aid of physieal in-
struments, such as the electron microscope, the x-ray
diffraction camera, the microscope centrifuge, and
others. He would investigate the viscosity, elasticity,
optical activity, surface activity, and numerous other
facets of the behavior of protoplasm. He would look
carefully at the physical nature of the environments
in which living matter exists, and would study plant
and animal material as a physical conglomerate in the
midst of other physical systems.

The biophysicist must apply himself to the theo-
retical and experimental determination of the role of
molecular and atomie structure in the production of
physiological events. In spite of the inereasing dif-
fieulty of application of theoretical physies (in view
of the departure from classical Newtonian mechanies),
the essential-analyses will eventually be made, and the
biophysicist will probably make them. In this respect,
the biophysicist invades the domain of the physical
chemist, but some such overlapping is inevitable. Biol-
ogists have, for the most part, ignored this fruitful

field of research, but the future should see many profit-

able man-years spent in its pursuit.

With this introduction to the nature of physical
biological existence, the biophysicist might proceed
with the mechanics of living matter on a larger scale.
He could analyze the motion of various parts of the
body relative to each other, with special reference to
force-torque relations of musculoskeletal systems. He
could observe the effects of motion of the body through
space, the effects of accelerations, such interesting fac-
tors as the mechanical impedance of living material,
and the coefficients of elasticity and strength of mate-
rials making up biological matter. Such studies involve
most of the fields of statics and mechanics and ecan,
in fact, be used as an approach to the study of the
physies involved. It is the author’s understanding that
a textbook of physics, designed expressly for premed-
ical students and using this approach to the study of
physies, is now in preparation. -

The biophysicist must also turn to the applications -
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of heat physies to biology. He must know thermometry
and calorimetry, and be able to analyze with precision
phenomena involved in loss of heat from the body.
He should serutinize carefully the work of A. V. Hill,
W. O. Fenn, and other famous biophysicists, on the
production of heat in living matter, and he should
carry further the investigations of the physical ener-
getics of life. The thermodynamies of living matter
constitutes a fundamental field of research that is rich
in interesting and exciting biophysieal problems.

The most obvious application of wave mechanics to
biology is in the study of light and sound receptors:
Here extreme care must be taken in the definition of
the extent to which biophysies may go. Orie concept
ineludes in biophysics all the physical phenomena oe-
curring in the chain of receptive events up to and
including the absorption of radiant and sonie energies,
and their conversion to conducted disturbances. This
seems a reasonable dividing point. This phase of bio-
physies also embraces the study of the effects of vibra-
tory and radiant energies other than those of nuclear
disintegration (which deserve separate consideration)
on living material.

There are still many gaps in the understandmg of
electromagnetic spectra, from both physical and bio-
logical standpoints. The basiec principles of particle
analysis by spectroscopy have scarcely been applied

to biology. Spectrophotometric analysis of biological -

materials, now limited almost entirely within or near
the visible wavelength range, may constitute a real
contribution to our knowledge of the primary nature
of life. It is the biophysieist who will carry these
analyses into the infrared, ultraviolet, short and long
radio wave, x-ray, gamma, and cosmic regions. It is
the biophysicist who will ultimately determine the pat-
tern of molecular orientation that gives protoplasm the
faculties of life, and he will do so through the fuller
understanding made possible by new physical tech-
niques.

There is no doubt that the electrical physies of living
matter is of primary biophysical importance. The in-
strumentation necessary to measure bioelectric phe-
nomena is essentially physical in nature; and analysis
of the experiments performed in bioelectricity requires
a thorough knowledge of the characteristics of the in-
struments used. Likewise, the production of potentials
observed in living matter is at least partly physical
and must be analyzed thoroughly with a view to phys-
ical interpretation, as has been done in the work of
Kenneth Cole, Otto Schmitt, R. C. Beutner, -and
others. Only recently has there been consideration of
the dynamie electrical characteristies of living tissues.
The effects of passage of electrie currents through ani-
mal and plant tissues invite investigation, and the
application of electronics in instrumentation for study
of phenomena other than bioelectric must be continued
and enlarged.

‘The physiecs of gases has already been used in the
development of protective devices for the aviator, in
the diagnosis and treatment of respiratory diseases,
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and in inereasing the ability of man to descend to great
depths under the sea; and it may ultimately be con-
sidered in the development of space travel. At present,
a full understanding of the dynamies of the respira-
tory system -is rapidly becoming more attainable,
thanks to the application of physies both in instru-
mentation and in theory.

Essentially the same is true of the application of
fluid staties and kineties to biology. For the most part,
this application has been concerned with the study of
circulation of blood in large animals, under the names
“hemostatics” and “hemodynamics.” The biophysies of
circulation includes the study of pressure-flow rela-
tions, the energy content of the blood under different
conditions of pressure, veloeity, and position. It in-
volves the analysis of factors econtributing to the re-
sistance of blood flow through tissues, the occurrence
of turbulence, and the application of Poiseuelli’s equa-
tions, Bernoutlli’s theorem, ete.

The biophysicist should  devote himself to physital
measurement of the three basiec phenomena of circula-
tion: pressure, volume of flow, and velocity of flow.
Instruments like the ballistocardiograph, electrokymo-
graph, capicitance cardiometer, and electromagnetic
flowmeter are physical in nature and need further
study for their sueccessful application. Already, the
diagnosis and treatment of cardiovascular disease are
benefiting from the application of physical instrumen-
tation and theory to circulatory problems.

Obviously, the position of nuclear physics in biology
is an important one. It includes the study of nuclear
radiations for tracer isotope investigations, the effects
of nuclear radiations on living matter, and a thorough
treatment of the hazards involved in handling radio-
active materials. The physical nature of this body of
information is sufficiently clear to make further ex-
position superfluous. In the program currently being
developed at the Ohio State University a separate
course equivalent to that embracing all the other sub-
fields of biophysies is devoted to radiation.

Another facet of biophysies is the study of the
mathematical analysis of biological phenomena, which
is the major thesis of the group headed by Rashevsky
(1948). Unfortunately, research in this area requires
more training in mathematics than most biologists have
had. However, the amount of training necessary for an
understanding ‘of the material need not go much be-
yond the caléulus; and as soon as biology students
are aware of thelr need in this respect, the existing
deficiency may be corrected.

Physical instrumentation forms a major portion of
the projected activity of the biophysicist. In the past
two decades electronics has assumed the dimensions of
a complete science, and many measurements are now
possible that previously awaited development of phys-
ical methods for transduction, amplification, and re-
cordirig. The design of apparatus with correct fre-
quéiici response and recordable output, with sufficient
linearity for accuracy and without instrumental hys-
teresis or other apparatus artifact, requires intimate
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knowledge of a large number of available types of
equipment. To learn of the existence and application
of this equipment, and to keep abreast of the prolific
output of the instrument makers, will require a sig-
nificant portion of the biophysicist’s time. Further, the
latter must learn how to pass on to the biologist the
theory of coupling mechanisms, damping, conversion
of energies, properties and parameters of physical
systems, and other information relating to instrumen-
tation and applicable to the analysis of life.

Collectively, the body of information in these several
fields is “biophysics.” There are, of course, other di-
rections in which the categorization might proceed, and
in no case is the list of material in any group com-
plete. With this definition as a beginning, however, a
working concept of the scope of biophysies can and
will be evolved.

The biophysicist should know all these fields well
enough to teach them to students without omitting
either the physies or biology. He should be able to
disecern places where application of physical thought
and techniques is indicated. He should know reason-
ably well both the physical and biological literature
on each subject, and he should keep abreast of the
developments in both fields. In the specific field in
which he does research, he must be capable of bring-
ing about a union of biological and physical thought.
These are rigid standards, of course. However, as the
training of biophysicists becomes coherent and more
uniform, and the literature is collected, the mainte-
nance of standards will become less difficult.

BIOPHYSICS AS A SEPARATE SCIENCE

It is easy to see that biophysics covers a very large
quantity of information. Most of the material is in-
cluded in the literature of other fields, and the effect
of this intellectual obesity is reflected in the tremen-
dous size of reference books in the biological sciences.
No graduate student of biology even attempts to learn
thoroughly all the information thus presented to him
and, in fact, the biophysical information is often made
easy to skip by being printed in small type. Exceptions
to the eontrarv, most graduate curricula in biology
simply ignore or pass over lightly the detalled study
of physical phenomena.

Of equal importance is the fact that phys1es is also
growing rapidly and has reached immense proportions.
The normal three- or four-year curriculum of the grad-
nate course in biology does not allow time for the study
of physies, and the physics student has no time- to
- devote to biological studies. For the biology student
to acquire the physics necessary to apply physical
thought and techniques intelligently to biology would
require two or three years of additional training. No
one relishes the idea of a long extension of his edu-
cational period. Therefore, irrespective of :the feelings
of the observer, he must conclude that the only solu-
tion to this problem is the establishment of a separate
discipline for the pursuit of biophysies. The training
program should be designed to provide a working
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knowledge of both biology and physics, and it should
stress those aspects of biophysies that are peculiar to
neither biology nor physics.

This idea will bring forth howls of protest from
many quarters, for there are those who claim (and
rightly so) that there is already too much specializa-
tion in seience. There are many who think that, if one
is sufficiently interested in the application of physies
to ‘biology, he will get the training he needs,-even
though it is not immediately available to him. There
will be a few such persons, but the production of bio-
physiecists will not be sufficient to meet the demand for
them if one relies on such haphazard means. There
would be no control of the quality of training of per-
sons who enter the field in this way. To put the issue
bluntly, if the opponents of specialization can produce
adequate numbers of biophysicists to meet the stand-
ards we have set without resorting to specialization, let
them do so. Such a demonstration would decide the
matter.

People who recognize the need for specialization in
this respeet must work for it in the face of opposi-
tion. In five or fifty years, biophysies will become a
mature, separate science, and it will flourish because
it is needed. The danger of separation of biophysics
from biology is that of loss of liaison between the two
fields. This must not oceur, for the biophysicist can
function well only so long as he retains his knowledge
of biological thinking and methodology. There are
also hazards in the administrative details of a complete
severance of biophysics from the other disciplines of
biology. It is wise, therefore, to present an alterna-
tive to the unequivocal separation of biophysies from
biology. One possibility is the incorporation of bio-
physics in departments of physiology, zoology, or
botany.

In schools of medicine, where biophysies is likely
to. grow most rapidly, the physiology departments are
the logical homes for biophysics. There is little
doubt that, in the future, the field of biophysies will
grow to suech proportions that the creation of a sepa-
rate department will be imperative, and in some in-
stitutions it may even now be desirable. For those
institutions in which the position of biophysies is tenu-
ous, however, a more or less brief period as a sub-
division of a physiology department is likely to be
valuable. It must be emphasized that, if biophysies
does' develop under the auspices of another depart-
ment, the people concerned must retain the authority
to ascertain the direction of their researches, to train
others in biophysies, and to call themselves “biophysi-
cists.” They must have sufficient autonomy to decide
on biophysies eurrieula and training programs. Their
backgreund must, of necessity, differ from that of
other biologists, and this will make mutual under-
standing difficult; but I believe it is important that a
person engaged in the activities of either a department
of biophysies or a subdivision of biophysics in another
department should have the title “Professor (or As-
sistant or Associate) of Biophysies,” so that he may
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perform his tasks without danger of confusing his
duties with those of other persons. The original re-
cipients of the title may not have the training to war-
rant it, but careful selection of these people for their
interest in the field and their background should par-
tially solve this problem. Eventually they will pass
on and leave true biophysicists in their wake.

SOURCES OF BIOPHYSICS STUDENTS

The training of a biophysicist will be no easy task,
especially as there is now no pattern set for his train-
ing. Before instruction can even begin, there is one
question which must be answered—namely, whether
biophysicists should be sought among students in the
biologieal sciences or in physies. In a symposium on
biophysics held at the Johnson Foundation for Bio-
physies, University of Pennsylvania (1938), Detlev
Bronk presented a very good case for the training of
biophysicists from persons already educated in phys-
ies. A. C. Burton (1949) also feels that such indi-
viduals are better equipped for biophysical training
than are biologists, and A. V. Hill is a notable advo-
cate of this idea.

Unfortunately, physicists who work in fields other
than their own do not acquire a name for themselves
among their fellows, and that name is important to
their advancement. Young physicists will not be inter-
ested in a field that is merely an application of the
“meat” of their training, but will wish to pursue ac-
tivities leading to fame and fortune in physies. Fur-
thermore, the salary scale in physies is higher than that
in the biological sciences, because of the active demand
for physicists, and the discrepanecy is not likely to dis-
appear in the near future. Moreover, the physicist
does not ordinarily aequire a “biological turn of
mind.” He is accustomed to experiments with a rea-
sonably narrow range of variation, and he is trained
in the design of experiments with few variables. To
work in biophysies, he must first learn the techniques
used in controlling many variables, and this involves
special biological training, which takes time. The one

or two or three years of training in addition to that .

he has already received will deter many a young sci-
entist, who will want to begin professional activity as
early as possible.

Biologists, also, usually lack the necessary back-
ground for training in biophysies. Whether we like it
or not, there is a difference in the approaches that
physicists and biologists take in tackling problems, and
the student of biology is acquainted only with the
biological way of thinking. We must recognize this
differcnece in evaluating the advisability of training
either physics or biology students in biophysics. As
with the physies student, the biology student would
require some years of special training, and biologists
have the same objections to extra training that the
physicists have.

The fact remains that biophysics involves the appli-
- cation of the physical way of thinking and the tech-
niques to biology. Unless a biophysicist is trained ac-
cordingly, he will not be successful in the field. There-
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tore, adequate training in both physies and biology is
essential, but which of the disciplines is followed first
is not important. Students may be drawn from either
field. The problem is not one of choice of students, but
one of making students of either field sufficiently in-
terested to pursue the extra studies and labors re-
quired to wed the disciplines. Ideally, this fusion
would begin early, and special curricula should be
designed for undergraduate students who propose to
enter graduate work in biophysics. Naturally, demand
for such students must be ereated before their training

1is practical. This is another problem in the evolution of

biophysics that must await further development for a
satisfactory answer, but for which temporary expedi-
ents may suffice quite well.

A SUGGESTED GRADUATE CURRICULUM
IN BropHysIcs

The sueccessful training of biophysicists obviously
depends on the development of an acceptable cur-
riculum for the student to follow. This curriculum
must be sufficiently broad in scope to produce the
desired result, but must also be practical from the
standpoint of time and facilities. The discussion that
follows presents only one of several possible curricula
which would give proper training to biophysies stu-
dents, and it is intended only as a suggestion. It has
never been tested. It is designed to give the maximum
education in biology and physies, in what is considered
a reasonable length of time for graduate study (four
years).

Ideally, the decision to become a biophysicist should
be made in early undergraduate work, so that training
in elementary physies and biology can be directed in-
telligently. If this is possible, the basic training in
physies, zoology, botany, chemistry, mathematies, and
anatomy can be acquired before graduate work is be-
gun. Thus, emphasis is placed on the need for propa-
ganda at the undergraduate level, by deans and ad-
visers in arts and sciences colleges, and by instructors
in physics and biology. At present it is not evident
that an undergraduate degree in biophysies will do
anyone any good, but in the future there may be a
demand for workers with an orientation knowledge
of biophysies. Such persons might be useful in instru-
ment design, manufacture, and sales.

For much of the routine work in laboratories of bio-
physics, a level of training equivalent to the master’s
degree would ‘be adequate. In the one or two years
usually devoted to earning the master’s degree, the
student could not be expected to absorb enough biology
and physies to pursue independent research on his
own, but he ean become thoroughly enough acquainted
with biophysical techniques to apply them under di-
rection. In the radiological defense program of the
Armed Forces, students at Ohio State University do
acquire a reasonable knowledge of the field. However,
these students have had special preparation for the
work, and they must spend some time in the Atomie
Energy Commission laboratories, besides the two years
they spend in didactic work and research at the uni-
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versity. At the end of their training periods; they
receive a joint master’s degree in physies and physi-
ology.

Unfortunately, it is rare that one becomes interested
in a field like biophysies before graduate work is be-
gun. Therefore, deficiencies in preliminary training
usually exist, and the program of graduate study must
first make up these deficiencies before providing the
more advanced training required for qualified bio-
physicists.

In the graduate program of training a compromise
between the desirable courses and practical time limi-
tation is obviously in order. The first year must be at
least partially used in making up existing deficiencies.
By the end of this first year, the student would ideally
have finished successfully courses in differential equa-
tions, statistics, engineering physies on a higher level
than the usual elementary physies, physical chemistry,
biochemistry, and physiology. The biochemistry and
physiology should be on a level at least comparable
with courses offered in the medical schools. This is a
formidable list of subjects, and in some schools it may
not be practical from the standpoint of course offer-
ings. Actual curricula may vary with respect to indi-
vidual courses but should not deviate appreciably in
the over-all content of the first year’s work.

During the second year, the student might receive
course instruction in general physiology (with special
emphasis on the application of physical chemistry to
biology), classical biophysics, and radiation biophys-
ies in the biological sciences; and nuclear physies,
wave theory, mechanies, and any other advanced phys-
ies courses he can work in. If possible, courses in
neurology and histology should be taken. The student
should by this time be regularly attending seminars
in physiology and special seminars in biophysics. His
contact with the biophysies teaching staff will have
developed to the point where work on a dissertation
problem may begin.

The third year should be spent on research, for the
most part, although special courses in instrumentation
and electronics are desirable at this time. A regularly
assigned reading program should be designed to help
the student acquire supplementary information of bio-
physical nature, and he should become thoroughly ac-
quainted with the literature of biophysics.. Toward
the end of this third year, examinations might take
up the majority of the student’s attention, for he will
be about ready for the preliminary orals at this time.
Any language requirements.should have been worked
off by the end of this year.

In the fourth year, the procedure would be the
same as in any of the sciences, and the time would be
largely devoted to finishing the dissertation and taking
final examinations.

With such a program as this, the student will have
obtained the course work usually required for a mas-
ter’s degree in biology, and about the same in physics.
In addition, he will have put considerable emphasis
on the problems peculiar to the field of biophysies
and, if his dissertation is acceptable and his under-
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standing of the field is adequate, he will be entitled to
the degree Doctor of Philosophy in Biophysies.

It should be reemphasized at this point that this is
only a suggested approach to the graduate study of
biophysies, and there may be many other programs
with equal or greater practicability. In any suggested
curriculum such as this, there will be corrections and
revisions to make and, of eourse, the curriculum will
be modified according to the courses available to the
student. The actual success of any graduate program
in biophysies will depend on the men who direct the
graduate work. Slipshod advising, ignorance of what
is needed by the student, laek of interest in teaching
biophysies, or poor organization of the program- will
all spell failure, and failure cannot be tolerated in a
field that is not yet fully established. Therefore, be-
fore any program for graduate training is set up, the
faculty should be scrutinized carefully for the neces-
sary qualifications. If possible, the students should
initially be selected with more than ordinary care, and
their training should be conscientiously supervised,
for these students will go on to train others and the
future of the field may depend on them.

Even when graduate training of biophysicists is
undertaken in physiology departments, the degree
given should be in biophysies, so that the world will
know the nature of the training of the individual. This
will be important to his future, for selection of bio-
physicists will eventually be based upon training and
the volume and nature of published research, and not
upon unsubstantiated claims of being a biophysicist.

THE USEFULNESS OF THE BIOPHYSICIST

The biophysicist will have plenty to do. In the medi-
cal professions few people (especially those who use
physical equipment) are adequately trained in phys-
ies. Indeed, it is the expressed opinion of many who
are in the business of designing instruments for the
medical profession that it is fatal to leave a hole in
the apparatus large enough for the user to stick his
finger into, for, if it is there, the finger or the appa-

.ratus will suffer. Another way of stating this senti-

ment is that, in designing a medical instrument, one
makes it foolproof, then goes further to make it nurse-
proof. Tt is difficult to make the instrument doctor-
proof, for doetors carry serewdrivers in their pockets.

If amusing, the situation is also serious, for it means
that educators in the basic sciences have failed to em-
phasize this important facet in the training of medical
students. It is not only in instrumentation that these
students are lacking, for frequently a promising line
of medical.research will be dropped when the investi-
gator reaches the limits of his inadequate physical
knowledge. The basie ethies of medicine demand that
a physician, in treating a patient, shall know when he
needs a consultation and whom to consult. This pre-
cept is scrupulously followed. In planning research,
however, the physician or surgeon may not realize
that he needs a econsultation, or he may consult the
wrong person. Physicians need not be biophysicists,
but they do need an introduction to biophysies suffi-
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ciently extensive to tell what is possible, and to know
where they need to go to learn what they do not know.
The medical curriculum is already overcrowded, but
sufficient time for such an important phase of train-
ing in all specialties of médicine will certainly be
found when medical educators become aware of the
need, and when the biophysicists are available.

Although they are not often aware of it, physicists
also have a gap in their training. They set out to study
in detail the physical phenomena of the world about
them, but do not take into account man himself, who
is the ultimate observing instrument for all physies.
Physicists should receive some training in biology, and
it-would strike home more effectively if such training
were of immediate interest in their own field.

The most important task of the biophysicist is that
of teaching graduate students in biophysies. The de-
velopments in the philosophy of biophysics in the next
few years will determine the type of training these

~students will receive, and . we can. rest assured that,
with the large number of competent scientists now
becoming interested in training biophysicists, training
will move in the direction calculated to make biophysi-
cists most valuable to society. In the teaching of grad-
uate students in physiology, zoology, botany, and bac-
teriology, biophysics is assuming a more and more
important role. Such students already get adequate
training in chemistry, but their physies training is
often neglected. In general, their only contact with
physics is a single sophomore course, taken because it
is required. Any physiologist will concur in the idea
that his field embraces the physies and chemistry of
living matter. The physical portion of such studies
certainly should not be slighted. \

There are thus at least four major groups who need
training in biophysies. Who is to give them such train-
ing? Obviously, there must be especially trained per-
sonne] prepared to teach biophysies, perform bio-
physical experiments, guide the biologist and physicist
in their work, and teach others, that the field may
continue in its usefulness.

Dr. Burton (1949) has placed considerable emphasis
on the role of the biophysicist in performing purely
administrative duties, such as consultation on prob-
lems of measurement, furnishing special physical
materials, administration of shop procedure, and
maintenance of an electronic construction and repair
service. Such duties are certainly a part of the bio-
physicist’s job. However, extreme caution must be
exercised that these service functions do not take up
more than-their fair share of the biophysicist’s tinre,
to the exclusion of other duties. To conceive and exe-
cute the construction of an instrument for measure-
ment of a biological phenomenon is a worthy under-
taking. Much of the work involved is purely routine
manual labor, however. The wiring of circuits, the

machining of parts for instruments, and their testing
on completion can well be placed in the hands of com-

‘petent technicians. The biophysicist will be most use-

ful as a consultant on instrumentation problems, not

-as a mechanic to build the instruments. Give the bio-

physieist control of machine shop and electronic con-
struction facilities, and he can turn out the required
instruments and still perform many more useful and

- significant functions.

The duties I have listed are those performed in
academic positions in biophysics. These academie jobs.
will be in medical schools, liberal arts schools where
graduate physicists and biologists are trained, and in
technological schools where engineers-are given broad
education. In addition, as departments and university
laboratories of biophysics become better financed,
there will be many research jobs associated with uni-
versity activities. These jobs should be filled by com-
petent, hence specially trained, biophysicists.

The military laboratories likewise offer excellent
opportunities. I can imagine openings for such per-
sons in laboratories like the Aero Medical Laboratory
at Wright Field; The School of Aviation Medicine at
Randolph Field; the Naval Research Laboratories at
Pensacola, New London, Bethesda, and elsewhere;
Army laboratories concerned with problems of chemi-
cal and biological warfare, soldier welfare, cold and
hot weather operations, and many others. There will
also be positions in purely research organizations such
as the Rockefeller Institute, National Institutes of
Health, and so on.

The industrial field will be a fruitful one for bio-
physicists in the future, especially in industries man-
ufacturing apparatus to be used by biologists and
physicians. There will be administrative jobs with or-
ganizations like the Office of Naval Research, or the
National Science Foundation when it becomes acti-
vated. The laboratories concerned with atomic energy
(such as those at Oak Ridge, Brookhaven, Argonne,
Hantord, and Los Alamos) may use many well-trained
biophysicists when they become available.

The list of potential uses for biophysicists could go
on and on, of course. Those given here will strengthen
one of the essential points this article desires to make,
to wit: The specially trained biophysicist is sorely

needed, and he probably will never starve.
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