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tech’s Graduate Aeronautical Laboratories.

The shock wave has come in from the right,
and has been reflected back from a curved
wood surface. In this shadowgraph, the
wave is 0.11 milliseconds old, and is shown
coming out of the focus, leaving behind (at
the left) a hot blob of gas that was heated
at the focus. On page 14, more on this
aeronautics research project in “Sonic
Booms.”
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Medical Genetics and

the Engineering of Man

Most technologies alter the
conditions under which man lives—
but biomedical technology can
modify man himself

Recent advances in biology and medicine provide us with
the power to modify and control the capacities and
activities of men by direct intervention and manipulation
of their minds and genes. Biologists and physicians
disagree on the extent to which this “human engineering”
is and will become a reality, but they agree that it is
already beginning to have profound ethical and social
consequences.

The impact these technologies will have on mankind is in
part derived from the fact that they operate directly on
man himself. The technologies of energy, transportation,
communications, and food production admittedly alter the
conditions under which man lives. In contrast, biomedical
technology can modify the user himself; the engineer can
for the first time engineer himself. The social and ethical
questions thus created center about whether we should
continue to develop and practice human engineering, what
limitations we should impose, who should make these
decisions, and what sets of values and other considerations
should enter into them. The nature of these questions can
be graphically illustrated by this case study:

A mongoloid with an intestinal obstruction was born to
professional parents in Maryland. The parents refused
permission for the surgery that would enable the infant
to survive, deciding that it would be unfair to their two
normal children to bring a mongoeloid into the home.

Doctors at Johns Hopkins Hospital in Baltimore sought
help from the courts, which in Maryland have the power
to appoint a guardian who will authorize necessary
medical care for a child when parents refuse. A senior
member of the judiciary advised the doctors that the
courts would not force the parents—or society—to bear
the burden of rearing such a child. Accordingly, the baby’s
bassinet was wheeled into a dark corner of the nursery
wherein 15 days the child became dehydrated enough to
die a “natural” death.

Modern medical technology has developed the life-saving
operation for the removal of this intestinal obstruction
in the last ten years. Prior to that time this infant would

have died, and the lifée-or-death decision would not have
arisen. Thus each advance in modern medical technology
can present us with new and difficult social and ethical
dilemmas. '

This case and others like it raise a number of interrelated
questions. Ts the decision appropriate? Who should make
these decisions? What is the process whereby these and
similar decisions can be made?

Some aspects of modern medical genetics are of practical
importance now (genetic counseling and genetic screen-
ing); others will gain importance in the future as new
technologies are developed (in vitro fertilization and gene
therapy). These technologies can alter the genetic fabric
of society in two ways: First, certain constellations of
favorable (or unfavorable) genes can be selectively
expanded or deleted, thus altering the nature of the gene
pool of the population as a whole. Second, in the future,
man will develop the technology to alter his genes by
direct modification. Either of these activities can have
serious consequences for mankind and man’s image of
himself.

Human genetic disease
To appreciate the impact genetic technology can and will
have on our lives, it is important to explain in general
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Normally, the 46 chromosomes of a human cell appear in random
orientation in a microscopic slide, but in this display—called a
karyotype analysis—they are organized into pairs numbered from
1 to 22, plus two single sex-determining chromosomes labeled
X and Y. The pairs are collected into groups (lettered A through G)
on the basis of size similarities.- Because bothan X and a Y chromo-
some are present, it-is apparent that this karyotype is of a cell
from a human male. . ‘
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terms the nature of genetic disease, of which modern
medicine has defined close to 2,000 different kinds—most
of them quite rare. But there is a genetic component in
the diseases of 25 percent of the children who are currently
hospitalized.

To understand the nature of genetic disease we must first
consider the 23 pairs of chromosomes that are the blue-
print repositories for all of the information necessary to
construct the human organism. One chromosome from
each. pair is derived from the father and the second from
the mother. There are two sex chromosomes, X and Y.

A female has two X chromosomes whereas a male has an
X and a Y chromosome. The information in each chro-
mosome is subdivided into smaller units that are called
genes. Each gene codes one unit of information. Genetic
disease can, accordingly, be of more than one type.

First, there may be abnormalities of the chromosomes
themselves—extra chromosomes, missing chromosomes,
or detectably altered chromosomes. (The mongoloid child
discussed earlier is one example of a chromosomal ab-
normality which is caused by the presence of one extra
copy of a small chromosome). Chromosomal abnor-
malities nearly always lead to serious physical and mental
derangement.
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This karyotype differs in two important respects from the previous
one. First, it shows two X and no Y chromosomes, indicating that
the cell is derived from a female. Second, the arrow points to an
extra chromosome in the G group, an abnormality that is the most
frequent cause of mongolism.
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by LERQY E. HOOD and ROBERT J. MACKIN JR.

A second type of genetic disease is caused by defects
(mutations) in individual genes. An example is sickle cell
disease, wherein a gene that codes for a component of
the oxygen-carrying blood protein, hemoglobin, is defec-
tive. As a result, low oxygen levels cause the hemoglobin
molecule to change its shape and this in turn causes the
red blood cells to change their shape (to sickle), which
leads to blocking of the small blood vessels and the path-
ologic manifestations of sickle cell disease.

If the defective gene is present as a single copy (e.g., a
defective gene is present on the paternal chromosome but
a good gene is contributed by the maternal chromosome),
usually the individual is clinically normal. He has what is
termed a recessive genetic disease. For example, an
individual with a single copy of the sickle cell gene leads
a nearly normal life, in contrast to the individual with
sickle cell disease who has two bad hemoglobin genes.

It has been estimated that each of us carries from three
to eight lethal recessive genes; these are genes that would
kill us if both of our copies were defective. The increased
probability of producing offspring with two identical
defective genes is, of course, one reason why it is un-
desirable for closely related individuals to have children.

There are other classes of genetic disease or diseases with
a genetic component. Dominant genetic disease—for
example, Huntington’s chorea—produces anomalies even
when only one bad gene is present. Several other of
mankind’s most widespread diseases have a genetic
component (cancer, arteriosclerosis) but also have other
contributing factors.

Prenatal diagnosis v

Some of the most striking social and ethical dilemmas
presented by modern genetics come from new techniques
that permit genetic disease to be diagnosed at a point in
fetal development where abortion of the defective fetus
is a possibility. These new diagnostic techniques combine
the ability to withdraw amniotic fluid from the membrane
sac surrounding the newly developing fetus (amniocen-
tesis), the ability to grow fetal cells in tissue culture
outside the living organism, and the ability to detect
genetic defects through biochemical or chromosome
analysis of the fetal cells.

Amniocentesis can be performed as early as 12-16 weeks
of gestation, and it can yield enough cells for subsequent
biochemical analysis of gene defects or karyotype analysis



of chromosomal abnormalities. Otice a particular diag-
nosis is made, the parents can decide whether or not to
have the fetus aborted before 20 weeks of gestation.

Prenatal diagnosis can present parents and society with
perplexing social and ethical dilemmas about whether or
not to abort a genetically defective fetus. Gauge your
reactions as a potential parent in the following cases
which can be detected prenatally in adequate time for

a safe abortion.

Would you abort these fetuses?

Case 1. Tay-Sachs disease is caused by a defective enzyme
that leads to abnormal brain development. The child is
born normal but quickly develops mental and physical
abnormalities which rapidly progress and lead to the
inevitable death of the child at 1 to 4 years of age.
Obviously, the course of this disease is a traumatic
experience from the viewpoint of a parent who sees an
apparently healthy child deteriorate into a helpless
vegetable, and finally die. :

Case 2. Mongolism is a constellation of physical and mental
abrniormalities that is caused by the presence of an extra
chromosome. Mongoloid children can have 1.Q.’s that
range from the low 20’s up into the 70’s. They are prone

to a number of medical difficulties, such as repeated infec-
tions, and generally have a greatly shortened life span.
Although many can learn simple tasks, mongoloids do not
become independent members of society. These children
generally have a happy disposition and are, some feel,

quite loving.

Case 3. Another type of chromosomal abnormality consists
of an extra male (Y) chromosome. The “XYY individual”
has gained notoriety recently because certain studies on the
inmates of penal-mental institutions have indicated their
presence in such institutions at 50 times the frequency
expected from their incidence in the general population.
These statistics have led some investigators to infer that
XYY individuals are prone to asocial behavior and as such
are a destructive element in society. However, it must be
stressed that this abnormality occurs at a frequency of about
1 per 1,000 births and, accordingly, there are many normal
and functional members of society who are of this
chromosomal constitution. Clearly the data on XYY
individuals with regard to asocial behavior are very tenta-
tive and preliminary.

Case 4. Perhaps the most extreme possibility for abortion
relates to the normal fetus that is aborted because of its sex.
Suppose you are a parent with five girls and you want a boy.
Prenatal diagnosis can establish the sex of a child in
adequate time for a therapeutic abortion. Do you have the

right to abort a normal female fetus in order to satisfy
your desire for a boy?

The last two cases in particular illustrate the ever-present

From “Prenatal Diagnosis of Genetic Disease” by Theodore Friedmann.
Copyright November 1971 by Scientific American, Inc. All rights reserved.
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Amniocentesis is one type of prenatal diagnosis. A sample of fluid
surrounding the fetus is taken by inserting a sterile needle into
the amniotic cavity and withdrawing a small amount. This fluid,
derived mostly from fetal urine and secretions, contains fetal cells,
and the sample is centrifuged to separate the cells and fluid. A
variety of tests can then be made. For genetic diagnosis, the opti-
mum time for an amniotic tap is about the 16th week .of gestation.

conflict between individual needs and societal needs.
Should society protect itself against XYY individuals by
detecting them at birth and providing them with special
attention or treatment? Or does an XYY have the right
to attempt to lead a normal life without the stigma of a
mandatory chromosome analysis? Do parents have the
right to opt for abortion if their child has such a defect?
Is an XYY individual responsible for criminal behavior
if this behavior is caused by a chromosomal abnormality
that is beyond his control? Several such cases have ap-
peared before the cotirts. In the other instance, should
society tolerate a change in the sex ratio of infants just
to accommodate the desires of individual parents?

These four cases raise very clearly the general nature and
range of the personal moral and ethical dilemmas posed
by prenatal genetic diagnosis. If you agree in any one of
these cases that abortion is acceptable (and most indi-
viduals agree that abortion is desirable for Tay-Sachs
disease), then a series of questions arise. What are the
boundaties or limits of acceptable indications for abortion?
Who makes these decisions? How? What information is
to be given to other members of the family who may be
carrying defective genes?

Genetic counseling

Three points should be made about genetic counseling
and the current process of decision making as it relates

to genetic disease. First, genetic counselors, even if they
try, cannot transmit value-free facts to their patients
because they are very much constrained by their own
background and philosophy. Studies have established that
the predispositions of genetic counselors greatly influence
their patients’ decisions, even when the counselors insist
that they are not being directive. For example, one genetic

JUNE 1974



counselor may be very concerned about the potential
contamination by defective genes of the gene pool in the
population as a whole. Thus he may inadvertently counsel
in such a fashion that his patients generally choose to
abort defective fetuses. Another genetic counselor may be
more concerned about the emotional and psychological
strengths and needs of the family and counsel accordingly.

Second, the emotional trauma of having a defective child
(or fetus) very often places the parents in such a state of
emotional shock that education about the defect and
subsequent rational decisions about a course of uction are
often inpossible—sometimes for extended periods of time.

Finally, the genctic counselor often consciously plays a
major, if not determinative, role in this decision-making
process. Many feel this is justified by the frequent inability
of parents to cope rationally with the problem or by their
desire to relieve parents of the guilt feelings the decision
may - produce.

Clearly, certain of these decisions should rest with
well-informed and thoughtful individuals who are them-
selves directly affected, and not with a single group in
society—such as the medical profession. The critical
question is, of course, how to determine when social rights
have precedence over individual rights or desircs. These
decisions will affect the very nature of the gene pool that
is passed on to future generations. A great deal of
thought must be given to the consequences of various
alternative courses of action and to the process whereby
these decisions are made.

It is important to stress that the prenatal diagnosis of
genetic disease may be made even more routine and
inexpensive in the future. Effective new techniques such as
the staining of chromosomes with fluorescent dyes
generate complex and characteristic banding patterns for
each chromosome, which will permit a much more refined
analysis of its structure. New devices are being
developed—at Caltech’s Jet Propulsion Laboratory and
elsewhere—for the automatic and computer-aided analysis
of large numbers of chromosomal karyotypes. And,
finally, it may be possible that amniocentesis can some
day be replaced by a simpler test of a small amount of

the mother’s blood. This possibility is based on the recent
development of a device that can apparently separate a
small number of fetal cells normally present in the
maternal circulation from their maternal counterparts,

for culturing and subsequent biochemical and karyotype
analysis.

As these developments make prenatal genetic analysis
increasingly simple and inexpensive, more and more
widespread prenatal screening becomes a tempting
option. New classes of questions emerge as screening
programs begin 10 involve large segments of the
population.

ENGINEERING AND SCIENCE

Genetic screening programs

Current genetic screening programs are designed to test
large groups of individuals with special predilections for
the presence of one (or two) defective copies of particular
genes. The screening program for Tay-Sachs diseasc that
has recently been carried out in the Baltimore area and is
now being started in Los Angeles is an examplc of a useful
application of this procedure. The defective gene for
Tay-Sachs disease occurs ten fimes more frequenty 1n
certain Jewish populations (where 1 in 30 individuals
carries the defective gene) than in other population groups.
This defect can be detected in individuals with a single
bad gene (carriers) by a simple biochemical test made on
a small blood sample. Tt is useful to identify normal-
appearing carricrs of this disease because when two such
individuals marry, the chances are one in four that an
offspring will carry the two defective genes causing
Tay-Sachs disease. Thus the pregnancies in any such
marriage can be monitored by amniocentesis and afflicted
{etuses aborted, if desired.

In contrast, the many recently initiated sickle cel} screening
programs are of questionable uscfulness and, indeed,
appear to invite some very dangerous consequcnces. This
genetic disease occurs almost exclusively in one group, the
blacks; there, one individual in ten carries a sickle cell
gene. This sickle cell carrier (said to have “sickle cell
trait”) can readily be detected, once again, by a simple
biochemical test of the blood. Although it is a matter of
some current controversy, the carrier appears to be an
essentially normal individual. The individual with sickle
cell disease {two Dad pene copies) is detecied early o life
through repeated sickle cell crises. This is an extremely
debilitating discase, and afllicted individuals rarely live
beyond their twenties.

Since sickle cell disease cannot be detected by prenatal
diagnosis, and since there is currently no effective trcat-
ment for this disease, the usefulness of this screening
program is not apparent. While it appears that few, if any,
positive medical benefits accrue from this screening
program (except for appropriate counseling regarding the
marriage of two carriers), there are a number of dangerous
side effects. Many states now require sickle cell screenimg
to be carried out on all blacks by the time they are of
school age, and this brings about two types of difTiculties.
First, it is hard to explain to the public at large the
difference betwceen sickle cell disease and sickle cell ¢rait,
Children with the trait, who can lead perfectly normal
lives, are often categorized by parents and friends as sick,
and these children rapidly become psychological cripples.
Second, insurance companies and employers have on
occasion obtained these genetic records and used them

to the detriment of both those with sickle cell trait and
those with sickle cell disease.

continued on page 30



Good Nutrition
for the Good Life

by LINUS PAULING

It is possible by rather simple means,
essentially nutritional, to increase
the length of life expectancy

and also the length of the period

of well-being

I believe that it is possible by rather simple means,
essentially nutritional, to increase the length of life
expectancy for young people and middle-aged people (and
to some extent, perhaps, old people too) by about 20 years.
Not only can the life expectancy be increased, I believe,
but also the length of the period of well-being can be
increased by the same amount, or perhaps even a little
longer; because it is likely that, as long as the process of
aging goes on, the process of deterioration that culminates
in death will proceed more rapidly at alate age than an
earlier one.

The principal procedure to use is that of introducing
nutrient substances into the human body in the optimum
amounts. Take the vitamins, for example. We have in
the United States a committee called the Food and
Nutrition Board that is described as consisting of out-
standing nutritional scientists, which makes recommenda-
tions to the people about the intake of vitamins and
minerals. These recommendations are made for vitamins
in the amounts that will prevent overt manifestations of
avitaminosis for most people-—95-99 percent of the -
people.

For example, for vitamin C, the studies that have been
méade with a rather small number of human subjects
show that 10 milligrams a day is enough to prevent overt

manifestations of scurvy from developing over a period
of several months, or years even—the time it takes
scurvy to develop for people on a scorbutic diet—and
45 milligrams might be enough for most adults, even
taking into account their biochemical individuality. It

is true that Roger J. Williams—who discovered one of
the D vitamins, pantothenic acid—has suggested, on the
basis of studies with guinea pigs, that the amount re-
quired for good health varies by a factor of 20, probably
even among guinea pigs, and by even a greater factor
among human beings, who are more heterogeneous
genetically than the guinea pigs that he was using. There
may well be some people who will become prescorbutic,
with only 45 milligrams per day.

About 40 years ago, Albert Szent-Gy6rgyi, who in 1928
made the first preparations of ascorbic acid, which turned
out to be vitamin C, asked the question, What is the
amount of vitamin C that would lead to the best of health
for human beings—mnot just the amount that prevents them
from dying of scurvy, but the amount that would lead to
the best of health? He apparently decided that 1,000
milligrams a day might be a reasonable estimate, because
he started taking 1,000 milligrams a day himself, and I
think rather recently has increased his intake to 2,000.

This is a question that has been essentially ignored

by the Food and Nutrition Board, not only for vitamin C
but for all other vitamins too. It has been pretty much
ignored by nutritional scientists as well; yet it is an._
important question. One way in which we might try to ™~
answer it is to ask, What amounts of various vitamins did
human beings or their predecessors receive from the
natural foods they were eating? Tt may be that at some
time our predecessors were vegetarians rather than meat
eaters, or catholic eaters—meat, vegetables, and so on.
But in checking raw natural plant foods for the average
amount of vitamin C in them, T found that for 110 foods
the average amount in a day’s ration of the various vita-
mins came out between two and five times the recom-
mended daily allowance of vitamin A and thiamine and
riboflavin and pyridoxine. '

This, I think, suggests that the optimum intake of these
vitamins might be two to five times the recommended
daily allowances, but it is no more than a rough sugges-
tion. On the other hand, for vitamin C the amount came
out 55 times 45 milligrams, the currently recommended
daily allowance. I think that this calculation is significant,
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and it may well be that the daily recommended allowance
of vitamin C should be much larger than the present
value, and that the optimum intake is in the neighborhood
of several grams a day, rather than a few tens of milli-
grams a day.

In 1949 G. B. Bourne, an English biochemist, was
engaged in discussing the question of what the British
recommended daily allowance of vitamin C should be—
10 milligrams per day or 20 milligrams per day. Bourne
pointed out that the bamboo shoots and other foods
caten by gorillas in the wild state contain about 5 grams
of vitamin C, corresponding to something like 2 grams
(2,000 milligrams per day) for a human being, taking
the smaller body weight into consideration, and he asked
the question, Should we not, instead of discussing whether
10 milligrams or 20 milligrams is the right amount to
recommend, be discussing whether 1,000 or 2,000 milli-
grams is the right amount?

Irwin Stone, a biochemist from Staten Island, who now
lives in Mountain View, California, collected information
about vitamin C over the years and in 1965 and 1966
published four papers on “Hypoascorbemia, a Genetic
Disease.” He contended that the human race as a whole
has been suffering from a deficiency in the intake of
ascorbic acid and from a disease that he named hypo-
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ascorbemia, too small a concentration of ascorbic acid in
the blood.

He gave several arguments to support his contention. For
one thing, plants manufacture vitamin A, vitamin B4
(thiamine), vitamin By, B, and other vitamins for them-
sclves. Animals require these substances exogenously, and
we can ask why. I think the answer is this: In the early
days of the existence of animals, they had inherited from
their plant ancestors the machinery for making these
important substances. But they were eating plants, and
the plants manufactured these substances, so they were
getting a supply of them in their food. It may well be

that the amount of vitamin A that animals were getting
was just about as much as they needed—-close to the
optimum. Now if a mutant came along that had suffered

a genetic deletion, losing the genes that are involved in
producing the enzymes that catalyze the reactions leading
to the synthesis of vitamin A, the mutant would still have
vitamin A from his food, but he would be a streamlined
animal, not burdened by the machinery for making
vitamin A, and in the competition with a more slowly
moving competitor who was handicapped by this ma-
chinery, he would win out. The situation would be the
same with thiamine, riboflavin, pyridoxine, and other
vitamins. I believe that this is what happened, and that
this is why all animals require the vitamins.

But this didn’t happen with vitamin C. The dog, the cat,
the rat, the mouse, and other animals make their own
vitamin C. Only human beings and their close relatives
require exogenous vitamin C, and a few other animals
such as guinea pigs. The reason, I would say, is that there
isn’t enough vitamin C in the plant food. For one thing,
vitamin C is required for the synthesis of collagen, the
connective tissue in animals. Plants don’t synthesize
collagen, so far as I am aware. They use cellulose for
connective tissue. There’s an extra need for ascorbic acid
among animals. The fact is that these animals did not

give up the power to make ascorbic acid—and I calcu-
lated 2,300 milligrams per day as the amount available
in a diet for man of raw natural plant foods. This, I
would say, surely means that the optimum intake for man
is greater than 2,300 milligrams a day.

But human beings and anthropoids all require exogenous
vitamin C. What happened? I think with little doubt that
these are not separate mutations for human beings and
gorillas and rhesus monkeys and other primates, but



rather a single mutational loss—a common ancestor 25
million years ago, living in a tropical valley where the
fruit foods were especially rich in vitamin C (providing
10 or 15 grams per day for a body weight of 70 kilograms),
underwent a mutation. The mutant lost the machinery
for making the vitamin C and was correspondingly
streamlined and able to compete and as a result the
mutant won out and we are all descended from this
mutant, who suffered this unfortunate accident., Aslong
as our ancestors stayed in this area they were getting
enough vitamin C. When they moved into tempcrate and
sub-arctic regions, the food available contained less
vitamin C, and they began to suffer from scurvy.

One measure of good health is resistance to discasc.
There have been about a dozen carefully controlled
studies carried out on a comparison of vitamin C tablets
and placcbo tablets in blind trials, with respect to the
incidence and severity of the common cold. Every one of
these studies carried out with people cxposed to cold
viruses by casual contact with other people has shown
that vitamin C has protective value. There is no doubt
about it. In fact, if, in addition to taking regular doses

of vitamin C, you carry a supply with you and increase
the intake at the first sign of a cold, or even other illness,
taking 10 to 20 grams during the first day, and then
tapering off, you can stop the cold. Many cold medicines
make you fecl better, but they don’t prevent the cold from
developing. Vitamin C will do this. Not only that, but
vitamin C prevents other diseases.

In 1965 it was reported by Claus W. Jungeblut, working

in the College of Physicians and Surgeons at Columbia
University, that concentrations of vitamin C that you can
produce in the blood plasma by taking the substance in
good amounts will inactivate poliomyelitis virus, so

that when this virus is exposed to the solution for half

an hour and then injected into the brains of monkeys

the monkeys do not become paralyzed, although monkeys
treated with virus that has not been activated in this way
get paralysis. Also, monkeys given large doses of vitamin C
did not become paralyzed, and those receiving small
amounts did. Jungeblut and others also reported that
inactivation of other plant and animal viruses could be
effected by treatment with vitamin , and Japanese workers
have published a half-dozen papers during the last three

or four years on inactivation of bacterial viruses by
vitamin C.

About a year ago Hume and Weyers in Scotland reported
in. the Scottish Medical Journal on the protection against
bacterial diseases by vitamin C. It had been known for
several decades that the white cells, leucocytes, are
effective phagocytes (that is, with the ability to engulf
bacteria) only if the leucocytes contain 20 micrograms
per 100 million cells or more of vitamin C. Hume and
Weyers found that people in Scotland eating an ordinary

Scottish diet with perhaps 15 or 20 milligrams per day of
vitamin C had an average of 20 micrograms in their white
cells. When they caught cold, the value dropped in the
first day to 10 micrograms and stayed that way for three
days, and then began slowly to rise. That’s below the limit
at which the leucocytes have phagocytic activity. By giving
extra vitamin C—1,000 milligrams per day, and 8 grams
per day when the person caught cold—this effect was
averted. The concentration was 30 micrograms per 100
million cells and it dropped to no less than 24, so that

the phagocytic activity was rctained. This explains why
people who take vitamin C, even if they catch cold—a
viral cold—do not get a secondary bacterial infection, in
general.

Vitamin C seems to be valuable in many different ways.
Constance Spittle, a pathologist in England, reported that
she had been monitoring her own serum cholesterol,

A one-pack-a-day smoker has twice as

much chance of dying of heart disease
as a nonsmoker, and a two-pack-a-day
smoker has four times as much chance

which ran about 210 milligrams per deciliter. Then she
began taking about [ gram a day of vitamin C and found
that her serum cholesterol dropped to 130 micrograms
per deciliter. She found a similar effect in over 50 subjects.

About 15 years ago I gave a Friday Evening Lecture at
Caltech on aging and death. In this talk [ mentioned the
Englishman, Gumpertz, who 150 years ago showed that
the age-specific death rate is a logarithmic function of
chronological age. Take a population and determine

the rate at which people are dying, and plot the logarithm
of the death rate against the age. You get a straight line
from about age 30 on. The slope of the line is such that
there is a doubling of the death rate for every 8 years’
increasc in chronological age.

If you take twvo populations—for example, the population
of nonsmokers in the U.S. and the population of one-pack-
a-day cigarctte smokers—you have a Gumpertz curve that
has shifted by 8 vears towerd lower ages. (The two-pock-
a-day curve shifts by 16 years toward lower ages.)

1f you plot the death rate by coronary heart disease alone,
for smokers and nonsmokers, you find a similar shift of 8
years, doubling the age-specific death rate by heart
disease for one-pack-a-day smokers—that is, at a given
age, such as 50, a one-pack-a-day smoker has twice as
much chance of dying of heart discase as a nonsmoker,
and a two-pack-a-day smoker has four times the chance
of dying of heart disease as a nonsmoker. The same

effect is also found for other diseases.
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The incidence of disease—not just the death rate, but
the morbidity, the number of cases of disease—as well as
the mortality, is also twicc as great at a given age for a
one-pack-a-day smoker as for a nonsmoker. The average
smoker is a onc-pack-a-day smoker, and about haif of
the people in the U.S. smoke. If cigarette smoking were
abolished, there would be a four-year average increase

in longevity and a four-year average increase in the
length of the period of well-being.

But about vitamin C—Edm¢é Régnier, a physician in
Salem, Massachusetts, wrule sonie papers about vitamin C
and the commaon cold and then got out a book, You Can
Cuie the Common Cold. 1n this book he describes the
studics he carried out with his friends and patients. He
decided some 15 years ago that vitamin C in proper doses
had valuc ugainst the common cold, and he gave tablets
1o his friends and patients, sometimes a vitamin C and
sometimes a placebo, with instructions that they were to
take a tablet every hour at the first sign of a cold and
continue throughout that day and the next day. He
reported that 90 percent of the colds were averted by the
simple procedure of taking only a few grams of vitamin C
per cold.

After five years Régnicr had to give up his study because
his telephone began ringing in the middle of the night
and one of these people would be saying, “You gave me
the wrong tablets,” because the cold didn’t go away as it
had before.

I don’t know why it is that there has been so much
opposition by the establishment to vitamin C as a way of
controlling the common cold and other diseases, but
there has been. A couple of years ago T wrote a paper
with Ewan Cameron on “Ascorbic Acid and the Glyco-
sominoglycans: A Contribution to the Orthomolecular
Treatment of Cancer.” Cameron is a cancer surgeon in
Scotland. We talked about where we would publish the
paper, and I said, Why don’t I send it to the Proceedings
of the National Academy of Sciences? So 1 did, and it
was turned down. The policy of the NAS had then been
for 58 years, since it was started, that a member had the
right to publish papers, but they decided to change the
policy and turn this paper down.

When word of this leaked out—1 didn’t say anything, but
an article was published in Science aboutit—J got a
telegram from the editor of Oncology, saying that their
policy was that papers were not accepted for Oncology
until they had been referced and examined thoroughly,
but in this case they would accept the paper sight unseen.
So it was published 14 months ago, and although many
people have written for reprints, it hasn’t caused any
great stir so far as 1 am aware, and the dangers stated by
the editorial board of the NAS that we would be raising
false hopes in people haven’t materialized.
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1 think there’s no doubt that ascorbic acid is helpful in
preventing and treating cancer, but there is siill doubt as
to how great its benefil is. There are good arguments.
You know ascorbic acid is required for the synthesis of
collagen; connective tissue contains collagen fibrils, and
the tissues are strengthened by an increased intuke. IUs
valuable for wound healing. There is little doubt that the
proper intake of ascorbic acid strengthens the lissues
enough to permit them to offer increased resistance to
mfiltration by a growing malignant tumoi, There is also
evidence that ascorbic acid works against the enzyme
hyaluronidase, probably by facilitating the synthesis of
hyaluronidase inhibilor, Many cancerous growths produce
this enzyme, which attachs the hyaluronic acid in the
intercellular cement of the surrounding tissues and
weakens these tissues in such a way as to permit
infiltration by the cancer.

When T spoke at the dedication of the Ben May
Laboratory for Cancer Research at the University of
Chicago in November 1971, T said that with the proper
use of ascorbic acid the mortality from cancer could be
reduced by about 10 percent. I am now willing to make

With the proper use of ascorbic acid
the morta'lity from cancer might well
be decreased by 5o percent

might well be decreased by 50 percent. In fact, T think it
may well be that with ascorbic acid alone, a proper intake
—getting people back to the level of animals that manu-
facture their own ascorbic acid; perhaps we might say to
the natural level—the age-specific morbidity and mortality
in general can be decreased by 50 percent. This means

an extension of the period of well-being by 8 years, and

an cxtension of the life expectancy by 8 years.

I am now director of the Institute of Orthomolecular
Medicine in Menlo Park, a new institution just across
from the Stanford campus; the assistant director is a
former Caltech student, Arthur B. Robinson, who
received his BS in chemistry in 1963. 1 invented the

word “orthomolecular” in 1968. It is from the Greek
“ortho,” meaning right or correct, as in “orthodox’’; and
“molecular,” meaning molecular. “Orthomolecular” means
the right molecules in the right amounts—having the

right molecules in the right concentrations. The right
molecules are those that are normally present in the
human body. Many of them are required for life—such

as the vitamins and essential amino acids. Orthomolecular
medicine is the prevention and treatment of disease, the
preservation of good health, by varying the concentration

continued on page 28



Cargo Cult
Science

by RICHARD P. FEYNMAN

Some remarks on science, pseudoscience,
and learning how to not fool yourself.
Caltech’s 1974 commencement address.

During the Middle Ages there were all kinds of crazy ideas,
such as that a piece of rhinoceros horn would increase
potency. (Another crazy idea of the Middle Ages is these
hats we have on today—which is too loose in my case.)
Then a method was discovered for separating the ideas—
which was to try one to see if it worked, and if it didn’t
work, to eliminate it. This method became organized, of
course, into science. And it developed very well, so that we
are now in the scientific age. It is such a scientific age, in
fact, that we have difficulty in understanding how witch
doctors could ever have existed, when nothing that they
proposed ever really worked—or very little of it did.

But even today I meet lots of people who sooner or later get
me into a conversation about UFQ’s, or astrology, or some
form of mysticism, expanded consciousness, new types of
awareness, ESP, and so forth. And I've concluded that it’s
net a scientific world.

Most people believe so many wonderful things that I
decided to investigate why they did. And what has been
referred to as my curiosity for investigation has landed me
in a difficulty where 1 found so much junk to talk about
that I can’t do it in this talk. I'm overwhelmed.

First I started out by investigating various ideas of
mysticism, and mystic experiences. I went into isolation
tanks (they’re dark and quiet and you float in Epsom salts)
and got many hours of hallucinations, so I know something
about that. Then T went to Esalen, which is a hotbed of this
kind of thought (it's a wonderful place; you should go visit
there). Then I became overwhelmed. I didn’t realize how
much there was.

I was sitting, for example, in a hot bath and there’s another
guy and a girl in the bath. He says to the girl, “I'm learning
massage and I wonder if I could practice on you?” She says
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OK, so she gets up on a table and he starts off on her foot—
working on her big toe and pushing it around. Then he
turns to what is apparently his instructor, and says, “I feel a
kind of dent. Is that the pituitary?” And she says, “No,
that’s not the way it feels.” T say, “You're a hell of a long
way from the pituitary, man.” And they both looked at
me—TI had blown my cover, you see—and she said, “It’s
reflexology.” So T closed my eyes and appeared to be
meditating.

That’s just an example of the kind of things that overwhelm
me. [ also looked into extrasensory perception and PSI
phenomena, and the latest craze there was Uri Geller, a
man who is supposed to be able to bend keys by rubbing
them with his finger. So I went to his hotel room, on his
invitation, to see a demonstration of both mind reading and
bending keys. He didn’t do any mind reading that
succeeded; nobody can read my mind, T guess. And my boy
held a key and Geller rubbed it, and nothing happened.
Then he told us it works better under water, and so you can
picture all of us standing in the bathroom with the water
turned on and the key under it, and him rubbing the key
with his finger. Nothing happened. So I was unable to
investigate that phenomenon.

But then I began to think,what else is there that we believe?
(AndT thought then about the witch doctors, and how easy
it would have been to check on them by noticing that
nothing really worked.) So T found things that even more
people believe, such as that we have some knowledge of
how to educate. There are big schools of reading methods
and mathematics methods, and so forth, butif you notice,
you'll see the reading scores keep going down—or hardly
going up—in spite of the fact that we continually use these
same people to improve the methods. There’s a witch
doctor remedy that doesn’t work. It ought to be looked into;
how do they know that their method should work?
Another example is how to treat criminals. We obviously
have made no progress—Ilots of theory, but no progress—
in decreasing the amount of crime by the method that we
use to handle criminals.

Yet these things are said to be scientific. We study them.
And I think ordinary people with commonsense ideas are
intimidated by this pseudoscience. A teacher who has
some good idea of how to teach her children to read is
forced by the school system to do it some other way—or is
even fooled by the school system into thinking that her
method is not necessarily a good one. Or a parent of bad

JUNE 1974



‘boys, after disciplining them in one way or another, feels
guilty for the rest of her life because she didn’t do “the
right thing,” according to the experts.

So we really ought to look into theories that don’t work,
and science that isn’t science.

[ tried to find a principle for discovering more of these
kinds of things, and came up with the following system.
Any time you find yourself in a conversation at a cocktail
party in which you do not feel uncomfortable that the
hostess might come around and say, “Why are you fellows
talking shop?” or that your wife will come around and say,
“Why are you flirting again?*—then you can be sure you
are talking about something about which nobody knows
anything.

Using this method, T discovered a few more topics that I
had forgotten—among them the efficacy of various forms
of psychotherapy. So I began to investigate through the
library, and so on, and I have so much to tell you that I
can’t doitatall. I will have to limit myself to just a few little

things. I'll concentrate on the things more people believe in.

Maybe I will give a series of speeches next year on all
these subjects. It will take a long time.

[ think the educational and psychological studies I men-
tioned are examples of what I would like to call Cargo Cult
Science. In the South Seas there is a Cargo Cult of people.
During the war they saw airplanes land with lots of good
materials, and they want the same thing to happen now. So
they’ve arranged to make things like runways, to put fires
along the sides of the runways, to make a wooden hutfor a
man to sitin, with two wooden pieces on his head like
headphones and bars of bamboo sticking out like antennas
—he’s the controller—and they wait for the airplanes to
land. They’re doing everything right. The form is perfect.
It looks exactly the way it looked before. But it doesn’t
work. No airplanes land. So I call these things Cargo Cult
Science, because they follow all the apparent precepts and
forms of scientific investigation, but they’re missing
something essential, because the planes don’t land.

Now it behooves me, of course, to tell you what they’re
missing. But it would be just about as difficult to explain to
the South Sea Islanders how they have to arrange things so
that they get some wealth in their system. It is not some-
thing simple like telling them how to improve the shapes of
the earphones. But there is one feature I notice that is
generally missing in Cargo Cult Science. That is the idea
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that we all hope you have learned in studying science in
school—we never explicitly say what this is, but just hope
that you catch on by all the examples of scientific investiga-
tion. Itis interesting, therefore, to bring it cut now and
speak of itexplicitly. It’s a kind of scientific integrity, a
principle of scientific thought that corresponds to a kind of
utter honesty—a kind of leaning over backwards.

For example, if you're doing an experiment, you should
report everything that you think might make itinvalid—
not only what you think is right about it: other causes that
could possibly explain your results; and things you thought
of that you've eliminated by some other experiment, and
how they worked—to make sure the other fellow can tell
they have been eliminated.

Details that could throw doubt on your interpretation must
be given, if you know them. You must do the best you can
—if you know anything at all wrong, or possibly wrong—
to explain it. If you make a theory, for example, and
advertise it, or put it out, then vou must also put down all
the facts that disagree with it, as well as those that agree
with it. There is also a more subtle problem, When you have
put a lot of ideas together to make an elaborate theory, you
want to make sure, when explaining what it fits, that those
things it fits are not just the things that gave you the idea for
the theory; but that the finished theory makes something
else come out right, in addition.

In summary, the idea is to try to give all of the information
to help others to judge the value of your contribution; not
just the information that leads to judgment in one particular
direction or another.

The casiest way to explain this idea is to contrast it, for
example, with advertising. Last night T heard that Wesson
Oil doesn’t soak through food. Well, that’s true. It’s not
dishonest; but the thing I'm talking about is not just a
matter of not being dishonest, it’s a matter of scientific
integrity, which is another level. The fact that should be
added to that advertising statement is that no oils soak
through food, if operated at a certain temperature. If
operated at another temperature, they all will—including
Wesson Oil. So it’s the implication which has been con-
veyed, not the fact, which is true, and the difference is what
we have to deal with.

We've learned from experience that the truth will out.
Other experimenters will repeat your experiment and find
out whether you were wrong or right. Nature’s phenomena
will agree or they’ll disagree with your theory. And,
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although you may gain somie temporary fame and excite-
ment, you will not gain a good reputation as a scientist if
you haveri't tried to be very careful in this kind of work.
And it’s this type of integrity, this kind of care niot to fool
yourself, that is missing to a large extent in much of the
resedrch in Cargo Cult Science.

A great deal of their difficulty is, of course, the difficulty of
the subject and the inapplicability of the scientific method
to the subject. Nevertheless, it should be remarked that this
is not the only difficuity. That’s why the planes don’t
land—but they don’t land.

We have learned a lot from experience about how to handle
some of the ways we fool ourselves. One example: Millikan
measured the charge on an electron by an experiment with
falling oil drops and got an answer which we now know not
to be quite right. It’s alittle bit off, because he had the
incorrect value for the viscosity of air. It’s interesting to
look at the history of measurements of the charge of the
electron, after Millikan. If you plot them as a function of
time, you find that one is a little bigger than Millikan’s,

and the next one’s a little bit bigger than that, and the next
one’s alittle bit bigger than that, until finally they settle
down to a number which is higher.

Why didn’t they discover that the new number was higher
right away? [t's a thing that scientists are ashamed of —this
history-—because it’s apparent that people did things like
this: When they got a number that was too high above
Millikan’s, they thought something must be wrong—and
they would look for and find a reason why something might
be wrong. When they got a number closer to Millikan’s
value they didn’t look so hard. And so they eliminated the
numbers that were too far off, and did other things like that.
We’ve learned those tricks nowadays, and niow we don’t
have that kind of a disease.

But this long history of learning how to not fool ourselves
—of having utter scientific integrity—is, I’m sorry to say,
something that we haven’t specifically included in any
particular course that I know of. We just hope you've
caught on by osmosis.

The first principle is that you must not fool yourself—and
vou are the easiest person to fool. So you have to be very
careful about that. After you've not fooled yourself, it’s easy
not to fool other scientists. Yo just have to be honest in a
conventional way after that,

I would like to add something that’s not essential to the
science, but something I kind of believe, which is that you
should not fool the layman when you're talking as a
scientist. T am not trying to tell you what to do about
cheating on your wife, or fooling your girl friend, or some-
thing like that, when you're not trying to be a scientist, but
just trying to be an ordinary human being. We'll leave
those problems up to you and your rabbi. I'm talking about
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a specific, extra type of integrity that is not lying, but
bending over backwards to show how you’re maybe wrong,
that you ought to do when acting as a scientist. And this is
our responsibility as scientists, certainly to other scientists,
and I think to laymen.

For example, I was a little surprised when I was talking to

a friend who was going to go on the radio. He does-work on
cosmology and astronomy, and he wondered how he would
explain what the applications of this work were. “Well,” T
said, “there aren’t any.” He sdid, “Yes, but then we won’t
get support for more research of this kind.” I think that’s
kind of dishonest. If you’re representing yourself as a
scientist, then you should explain to the layman what you’re
doing—and if they don’t want to support you under those
circumstances, then that’s their decision.

One example of the principle is this: If you've made up
your mind to test a theory, or you want to explain some
idea, you should always decide to publish it whichever way
it comes out. If we only publish results of a certain kind,
we can make the argument look good. We must publish
both kinds of result. For example—Ilet’s take advertising
again—suppose some particular cigarette has some particu-
lar property, like ow nicotine. It's published widely by the
company that this means it is good for you—they don’t say,
for instance, that the tars are a different proportion, or that
something else is the matter with the cigarette. In other
words, publication probability depends upon the answer.
That should not be done.

[ say that’s also important in giving certain types of govern-
ment advice, Supposing a senator asked you for advice
about whether drilling a hole should be done in his state;
and you decide it would be better in some other state. If
you don’t publish such a result, it seems to me you’re not
giving scientific advice. You're being used. If your answer
happens to come out in the direction the government or
the politicians like, they can use it as an argument in their
favor; if it comes out the other way, they don’t publish it at
all. That’s not giving scientific advice.

Other kinds of errors are tnore characteristic of poor
science, When T was at Cornell, T often talked to the people
in the psychology department. Oue of the students told rie
she wanted to do an experiment that went something like
this—I don’t remermber it in detail, but it had been found by
others that under certain circumstances, X, rats did some-
thing, A. She was curious as to whether, if she changed the
circumstances to Y, they would still do A. So her proposal
was to do the experiment under circumstances Y and see

if they still did A.

I explained to her that it was necessary first to repeatin

her laboratory the experiment of the other person—to do it
under condition X to see if she could also get result A—and
then change to Y and see if A changed. Then she would
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know that the real difference was the thing she thought she
had under control.

She was very delighted with this new idea, and went to her
professor. And his reply was, no, you cannot do that,
because the experiment has already been done and you
would be wasting time. This was in about 1935 or so, and it
seems o have been the general policy then to not try to
repeat psychological experiments, but only to change the
conditions and see what happens.

Nowadays there’s a certain Janger of the same thing hap-
pening, cven in the famous ficld of physics. Twas shocked
10 heur of un experiment done atihe big accelerator at the
National Accelerator { aboratory, where a person used
deuteriun:. In order 1o compare his heavy hydrogen results
to whatmight happen with light hydiogen he had to use
data from someone clse’s experiment on light hydrogen,
which was done on different apparatus. When asked why,
he said it was because he couldn’t get time on the program
(because therc’s so ditte time and it’s such expensive
apparatus) to do the experiment with light hydrogen on this
apparatus because there wouldn’t be any new result. And
so the men in charge of programs at NAL are so anxious
for new results, in order to get more moncy to keep the
thing going for public relations purposes, they are destroy-
ing—possibly—the value of the experiments themselves,
which is the whole purpose of the thing. Itis often hard for
the experimenters there to complete their work as their
scientific integrity demands.

All experiments in psychology are not of this type, however.

For example, there have been many experiments running
rats through all kinds of mazes, and so on—with little clear
result. Butin 1937 a man named Young did a very
interesting one. He had a long corridor with doors all along
one side where the rats came in, and doors along the other
side where the food was. He wanted to see if he could train
the rats to go in at the third door down from wherever he
started them off. No. The rats went immediately to the door
where the food had been the time before.

The question was, how did the rats know, because the
corridor was so beautifully built and so uniform, that this
was the same door as before? Obviously there was some-
thing about the door that was different from the other
doors. So he painted the doors very carefully, arranging the
textures on the faces of the doors exactly the same. Still the
rats could tell. Then he thought maybe the rats were
smelling the food, so he used chemicals to change the smell
after each run. Still the rats could tell. Then he realized the
rats might be able to tell by seeing the lights and the
arrangement in the laboratory like any commonsense per-
son. So he covered the corridor, and still the rats could tell.

He finally found that they could tel] by the way the floor
sounded when they ran over it. And he could only fix that
by putting his corridor in sand. So he covered one after
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another of all possibic clues and finally was able to fool the
rats so that they had to learn to go in the third door. If he
relaxed any of his conditions, the rats could tell.

Now, from a scientific standpoint, that is an A-Number-1
experiment. That is the experiment that makes rat-running
experiments sensible, because it uncovers the clues that the
rat is really using—-not what you think it’s using. And that
is the experiment that tells exactly what conditions you have
to use in order to be carctul and control evervthing in an
experiment with rat-running.

I'looked into the subsequent history of this research. The
neat expertment, and the one after that, neverrefeired o
Mr. Young. They never used any of his ciiteria of putting
the corridor on sand, or being very careful. They just went
right on yunning rats in the same old way, and paid no
attention to the great discoveries of Mr. Young, and his
papers are not referred to, because he didn’t discover any-
thing about the rats. In fact, he discovered all the things
you have to do to discover something about rats. But not
paying attention to experiments like that is a characteristic
of Cargo Cult Science.

Another example is the ESP experiments of Mr. Rhine, and
other people. As various people have made criticisms—and
they themsclves have made criticisms of their own experi-
ments—they improve the techniques so that the effects are
smaller, and smaller, and smaller until they gradually
disappear. All the parapsychologists are looking for some
experiment that can be repeated—that you can do again
and get the same effect—statistically, cven. They run a
million rats—no, it’s people this time—they do a lot of
things and get a certain statistical effect. Next time they try
it they don’t get it any more. And now you find a man
saying that it is an irrelevant demand to expect a repeatable
experiment. This is science?

This man also speaks about a new institution, in a talk in
which he was resigning as Director of the Institute of
Parapsychology. And, in telling people what to do next, he
says that one of the things they have to do is be sure they
only train students who have shown their ability to get PSI
results to an acceptable extent-—not to waste their time on
those ambitious and interested students who get only
chance results. Itis very dangerous to have such a policy in
teaching—to teach students only how to get certain results,
rather than how to do an experiment with scientific integrity.

So I wish 1o you—-1 have no more time, so I have just one
wish for you—the good luck to be somewhere where you
are free to maintain the kind of integrity I have described,
and where you do not feel forced by a need to maintain

your position in the organization, or financial support, or s0
on, to lose your integrity. May you have that freedom.

May I also give you one last bit of advice: Never say that
you'll give a talk unless you know clearly what you're going
to talk about and morc or less what you're going tosay. O
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Research Notes

Astronomical Association

After four years’ observing, J. B. Oke
and James Gunn, professors of as-
tronomy and staff members of the Hale
Observatories, recently provided a
direct answer to a key astronomical
question: Are quasars a separate class
of object or can they be associated with
ordinary galaxies? With the aid of an
optical trick and a very sensitive spec-
trometer mounted on the 200-inch Hale
Telescope, they were able to prove that
the circle of fainter light around a
brilliant quasar-like object named

BL Lacertae is really a galaxy of
ordinary stars.

For 50 years BL Lacertae has been
listed in astronomical catalogs as a
variable star. (In fact, “BL” signifies a
variable star.) It is located in the
Constellation of Lacerta (the Lizard)
in the northern sky. But attempts to
determine its distance have been un-
successful by the usual methods of
sorting out its light into the spectro-
scopic code, which describes its chem-
ical and magnetic properties and,
according to most astronomers, its
distance from the earth—if it is beyond
our own Milky Way.

The light from BL Lacertae did not
show spectral lines even when observed
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with the 200-inch and the very sensitive
32-channel spectrometer designed by
Oke. But at this point the optical trick
changed the picture, Earle Emery, a
research engineer, designed and built a
tiny disk that could be mounted in a
round aperture, With the disk in place
in the telescope, BL Lacertae’s central
bright object was blocked out, and the’
Oke spectrometer recorded spectra of
the stars that make up the outer ring.

The spectra show that the object is
about a billion light years away and
that its stars are typical of the older
stars found in giant spherical galaxies.
Indeed, the object surrounding the very
bright central source has-all the ap-
pearance of a normal spherical galaxy.
Thus, BL Lacertae proves not to be a
variable star in the Milky Way Galaxy
but evidently is much further away and
is itself a large galaxy with a quasar

in it.

Like many quasars, BL Lacertae varies
rapidly in brightness, sometimes from
night to night. Flickers only two min-
utes in duration have been reported.
The light varies eight to ten times in
brightness—roughly from 13th to 16th
magnitude. The variations come from
the central quasar.

The rapid variability of the light (along
with some direct measurements by
radio telescopes) indicates that the
diameter of the quasar is less than one
light year, This is very small compared
to the diameter of its surrounding gal-
axy, which is more than 100,000 light
years.

In spite of being a billion light years
away from earth, BL Lacertae is the
nearest known quasar. In fact, if it
weren't so near, and if the central
quasar had rot been dimmer than
usual, it might not have been possible
to obtain the spectra even using the
disk to block out light from the central
object. The quasar’s brilliance might
have swamped the dimmer light from
its stars.

Sonic Booms

Caltech aeronautical engineers are now
studying sonic booms—in the labora-
tory. They have an ideal tool for these
studies in the 17-inch shock tube in

the Graduate Aeronautical Laboratoties.

Measurements of sonic booms have been
made in the field for some time, of
course. The Air Force has flown air-
planes at supersonic speeds over
Oklahoma City, for example, measuring
the sonic booms they create, and study-
ing the effects of the boom; and the
French government has sponsored a
program in which airplanes were
maneuvered so the sonic booms tended
to concentrate or focus, But the Caltech
studies of focused sonic booms are the
first to be made in the laboratory, under
controlled conditions.

‘When sonic booms are focused, they can
cause plenty of damage. Abnormally
strong and damaging sonic booms are
occasionally experienced after the over-
flight of supersonic aircraft—due per-
haps to focusing caused by such aircraft
maneuvers as accelerations, dives, or
turns, or perhaps due to certain atmo-
spheric effects. One spectacular sonic
boom, caused by a jet plane flying in
formation over the Air Force Academy
in Colorado Springs in 1968, blew.out
more than 2,000 windows. -

This kind of accident has encouraged
reseatchers to stiudy ways of predicting
the pressure that a focused sonic boom,
called a “super boom,” would create,

In Caltech’s 1 7-inch shock tube, Brad-
ford Sturtevant, professor of aeronautics,
and Vijay Kulkarny, research assistant,
are able to create an idealized situation
similar to a sonic boom coming into a
valley. As the boom, or shock wave,
moves dowti the 80-foot tube, it meets

a parabolic reflector. As with light
waves, the reflector—or mirror—
focuses the sound waves, The Caltech
researchers want to know what happens
to the sound waves near this focal point
—and, in the process, perhaps find out
just how strong a sonic boom can get.
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Photographing a Sonic Boom

m@‘x}&w: J s
0.0 milliseconds

0.08 milliseconds

0.0 milliseconds—In the shock tube in Caltech’s Graduate Aero-
nautical Laboratories, a shock wave comes in from the right, meets
a curved wood surface, and is reflected back (black lines). The white
lines at the left, behind the reflected wave, are diffracted waves;
the gpper one is traveling downward, the lower one is traveling up-
ward.

0.05 ms—The shock wave is closer to the focus. The diffracted

ENGINEERING AND SCIENCE

waves have crossed each other so that the one that started at the
top is now on the bottom.

0.08 ms—The shock wave is at the focus. A hot blob of gas has
begun to appear at the left.

0.11 ms, 0.12 ms, 0.19 ms—The shock wave is coming out of the
focus, leaving the gas that was heated at the focus behind.
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Research Notes ... coninued

Riddle of the Rings

The bright rings around the planet
Saturn may be made of ice, or even
ice-coated chunks of iron. This is the
tentative report of two Caltech radio
astronomers, Duane Muhleman, pro-
fessor of planetary science, and Glenn
Berge, senior research fellow in plan-
etary science and radio astronomy,

The combined information they get
from radio signals, radar echoes, and
infrared light observations suggests that
whatever these chunks are in Saturn’s
rings, they at least have a layer of ice
on them, So it’s a strong possibility that
the rings are made up of water ice.

It's also possible—but much less likely
—that the rings consist of small bits of
iron, covered with frost.

The Muhleman-Berge team has been
studying radio signals from Saturn since
1965, using the big dishes at Caltech’s
Owens Valley Radio Observatory near
Bishop, California. Similar work done
by F. H. Briggs of Cornell University
tends to strengthen the ice conclusions.
Briggs did his observing with radio
instruments at the National Radio

Interpreting masses of data from nearly ten
years of observing and analyzing radio sig-
nals from Saturn is no easy task, but Duane
Muhleman and Glenn Berge think they can
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conclude that the rings around the planet

Astronomy Observatory in Green Bank,
West Virginia.

Right now the scientists have a massive
amount of data which may tell them—
when it’s all processed—something
about where in the rings the radio flux
is coming from.

If the rings of Saturn were just thin,
tenuous layers of gas, even thousands
of kilometers thick, scientists wouldn't
expect to see radio emissions. Early
measurements of Saturn’s radio noise
indicated that at least 90 percent of the
emission came from the planet itself,
with the remaining 10 percent or less
coming from the rings.

As the experiments progressed over the
years the men also began to find that
there are no radiation belts around
Saturn like those found at Jupiter. This
means one of two things. Either the
planet has no significant magnetic field,
or there are no high-energy particles
there. One or the other is apparently
missing. A radiation belt around a
planet—such as those found first
around the Earth, then around Jupiter

may be made up of chunks of ice that do
not emit radiation themselves but bounce
off signals emitted from the planet,

—is made up of high-energy particles
such as electrons and protons that are
trapped in the magnetic field of the
planet. It seems likely that Saturn does
have a magnetic field, however, because
it is a huge planet that is similar in

most important ways to Jupiter,

As for the high-energy particles, the
scientists think the rings of Saturn
probably soak them all up. In later
observations there was definite evidence
that about 5 percent of the radiation
was coming from the rings.

Radar observations of Saturn and its
rings have also been carried out by
Richard Goldstein of Caltech’s Jet
Propulsion Laboratory, who is a research
associate in planetary science on the
campus. Goldstein did his work with
JPL’s big dish antenna at Goldstone,
California, and got strong radar echoes
back that have to come from the rings
of Saturn, Muhleman believes. At the
same time the radio response of the
planet itself is peculiar, Saturn doesn’t
give the usual response of a circular,
uniformly bright planet.

Putting their observations together with
Goldstein’s, Muhleman and Berge de-
cided that a large fraction of the particles
in the rings must be at least five centi-
meters in diameter to vield the radar
echoes. This means that the ring parti-
cles are of sufficient size and number to
block the planet’s disk—to cast a
shadow across the radiation we see
coming from Saturn. This would ex-
plain the planet’s peculiar radio
response.

If the particles are big enough and
plentiful enough to block emission from
the planet, then we should be seeing
scattered Saturn radio emission from
everywhere around the rings—and this
is what Muhleman and Berge think they
do see.

The radiation being recorded from the
rings, amounting to about 5 percent
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of the total, is scattered radiation; that
is, the signals are emitted by the planet
but bounced off the particles in the
rings. But it is not clear yet whether
the researchers are seeing the whole
ring or some sort of internal structure.
Their interpretation is that there's
probably no radio emission from the
rings themselves, just radiation that
bounces off the ring materials.

Since the size of the particle tends to
govern what kinds of radiation will be
seen, this conclusion says a lot about
the particles in the rings. If the ice in
the rings is in chunks bigger than about
three and a half meters in diameter,
there should be radiation at radio wave-
lengths—but there isn’t. This means
that a size boundary can be put on the
ice particles—bigger than five centi-
meters but smaller than four meters.

This doesn’t mean that there are no
large chunks, but if there are big ones,
they are not doing the job of radiating
the signals.

Work at the Massachusetts Institute of
Technology indicates through infrared
observations that water ice is present
in the rings, which suggests that, what-
ever these chunks are, they must have
at least a layer of ice on them, The
possibility of iron particles cannot be
dismissed since they would also be
excellent scatterers and very poor radio
emitters.
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A pattern of bright spots appears about the
direct beam of a laser that is passed
through a vial of large spheres suspended

A photograph taken just a few seconds later
shows a changed pattern. The twinkling time
of the areas of light is related to the diffusion

Light-Mixing Spectroscopy

Because the structure of liquids is so
complex, coming to an understanding of
their properties and predicting their
reactions has been a notoriously un-
reliable, laborious, expensive, and time-
consuming process. Methods in current
use often require large quantities of
material and weeks of experimentation,

Recently, however, C. J. Pings, professor
of chemical engineering and chemical
physics, and two of his graduate stu-
dents, Ronald Brown and Erdogan
Gulari, have developed a new method

of determining two properties of liquids
—the rate at which they mix (the
diffusion coefficient) and the rate at
which heat flows through pure liquids

in water. This pattern of continually moving,
twinkling spots is produced by the Brownian
motion of the spheres.

coefficient of the spheres. The same prin-
ciple applies to liquids and liquid mixtures
and has been used to study diffusivities.

(the thermal diffusivity). This new tech-
nique, which is known as light-mixing
spectroscopy, has several advantages
over older methods. It is more accurate,
it uses very small quantities of liquids,
and it produces precise values in as little
as 15 minutes to two hours.

Light-mixing spectroscopy is based on
the fact that when a beam of light shines
through a liquid some of the light will
be scattered. Localized differences in
temperatures and composition (due to
the random thermal motion of the
molecules in the liquid) slightly alter

the frequency—that is, the color—of the
scattered light. In time, these localized
inhomogeneities dissipate by diffusion,
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Research Notes . .. coninued

and this gradual loss is detectable by
light-mixing spectroscopy. The size
and shape of the resulting distributed
spectra are directly related to the
liquid’s transport properties.

The frequency shifts predicted by
scattering theory are less than one part
in one hundred trillion—a ratio that
made it necessary for Brown and Gulari,
under the supervision of Pings, to design
and build a spectrometer a million times
more sensitive than conventional ones.
The system achieves this enhanced
sensitivity by comparing the spectral
curve of the light beam with that of a
beam that has not penetrated the liquid.
The new spectrometer is made up of an
argonion laser, a transparent cell that
hotds about four ounces of whatever
liquid is being checked, and a photo-
multiplier tube plus instruments that
analyze the current from it, The highly
directional, monochromatic laser light
beam i« directed through the cell con-
taining the sample fluid. The phototube
then detects the light that is scattered

by the sample. The resultant current
from the phototube mirrors and ampli-
fies the nature of the scattered light.
This current is then analyzed by either a
wave analyzer or a correlator, which are
instruments designed to extract informa-
tion from the photocurrent by generating
the distributed spectra.

The technique can be used to study the
motions of molecules by observing slight
changes in the color of laser light passing
through a fluid, Brown is currently

using it to study the dynamics of closed,
circular DNA in solution. [n this case
the scattered light vields information on
the conformation and internal motion of
the molecule. information that has been
inaccessible by standard biophysical
techniques.

Among the immediate practical applica-
tions of the new technique are the con-
tinuous monitoring and control of the
stability of processes in chemical plants.
It can also be used for such tasks as
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automatically changing heater settings
and altering flow rates.

A few years ago chemical and petroleum
companies built their plants sequentially.
An experimental discovery in the lab-
oratory would be followed by construc-
tion of a pilot plant to detcrmine the
feasibility of production, The next

step might be a small demonstration
plant with limited output. And usually

it was only after this amount of trial-
and-error effort that a full-scale plant
was set up.

Building several generations of trial
plants is, however, expensive in both
time and money. Today, industry at-
tempts to bypass these preliminary steps
by having computers design large
chemical processing plants on the basis
of engineering measurements. For their
design to be good, computers must be
given very precise numbers, and that

is exactly what light-mixing spectros-
copy can do.

A Superconducting
Alloy

New alloys are not unexpected in Pol
Duwez’ laboratory, In a special research
project sponsored by the Atomic Energy
Commission, he and his colleagues have
been creating them one after another
since 1960 (E&S. Sanuary 1966, May
1973). The most recent one, discov-
ered by two of Duwez’ students, may
require extension of the theory of
superconductivity.

Superconductivity, which is beginning
to play a major role in the production
and transmission of electric power, is
a property of more than a score of
metals and many alloys. At very low
temperatures they lose all their electri-
cal resistance, so that currents induced
in them seem to fiow indefinitely with-
out loss of power. However, to date,

this behavior has been observed in
bulk metals and alloys only when the
constituent atoms are arranged in pre-
cise crystalline lattice patterns. Now,
William L. Johnson, a graduate student
in applied physics, and Siu Joe Poon,

a senior in electrical engineering, have
demonstrated that a special alloy—
made up of 20 percent gold and 80
percent lanthanum with their atoms in
an amorphous state (jumbled randomly
together)—can become supercon-
ducting.

Johnson and Poon melted the two
metals together, and a drop of the
resulting alioy was spilled from the
crucible. An electronic eye observed
the drop and triggered a pneumatic
hammer that stammed the drop onto a
heat-absorbing copper “anvil.” There
it spread out and was frozen almost
instantly into a thin foil. The speed of
the freezing is critical, because it
doesn’t give the atoms time to align
themselves into a characteristic crystal
pattern. With the atoms in an amorph-
ous state, the alloy demonstrates new
chemical bonding properties.

This alloy is not expected to be useful
for engineering applications or super-
conducting materials, first because it
can be obtained only in thin foils about
two-thousandths of an inch thick. Second,
the temperature at which the alloy
becomes superconducting is very low—
about 4 degrees Kelvin, It is not diffi-
cult to achieve this tow temperature,
but it is not practical economically to
do so. since some alloys become super-
conducting near 20 degrees Kelvin.

“For ten years we have been looking
for an amorphous alloy that is super-
conducting.” says Duwez. “We wanted
to prove that a superconductor doesn’t
have to have a crystal structure, and
now we’ve done it, At this point it is of
purely scientific interest, but we hope
it will lead to a better understanding of
one of the most fascinating properties
of the metallic state.” 0
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Speakin

Scientists and

Romanticists

Ray Bradbury tells us in poems and
prose that behind every scientist is a
romantic. (This is probably widely

true, except perhaps at Caltech, where
romanticism must be either stamped out
or overlain with cynicism.) The 21st
century may regard Bradbury as the
man who really understood why we

left the Earth.

—William K. Hartmann,
in a book review of Mars and the Mind
of Man in Science, May 10

Peace

You remember Robert Oppenheimer’s
analogy, when he spoke of the Soviet
Union and the United States as being
like two scorpions in a bottle. There

we are in a bottle, and if either of us
stings, the other one stings—and we'll
both be dead! So, it looks like a pretty
hopeless situation for the two scorpions,

Now this is a view of the scorpions in

a bottle as seen by one looking down
from outside. From the scorpions’
point of view, the implicit conclusion
of the outside observer is quite un-
acceptable. We happen to be involved,
and being involved, we have to proceed
on the assumption that something
useful can and will be done.

In the first place it is very disagreeable
not to make that assumption, and in

the second place it is literally true that
we cannot resign from the human race.

I think things can be done, and I

don’t see any need to give way to a
gospel of despair. It comes down to a
question of what are the available lines
of action.

Here I would remind you that some
good things have happened in the last
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Of...

20 years. We have made progress with
China. We are making progress of a
kind with the Soviet Union—for ex-
ample, there has been in the past a
very real apprehension of direct mili-
tary attack by the Soviet Union on
Europe or on the United States; but
this is not something that we now feel
to be an imminent threat.

Let’s see what we ought to do now;
and then let’s see whether there’s any
reason to assume we can't, First, I turn
to the home front. It’s of the very
nature of the foreign relations of the
United States that the United States

is always at least half of any foreign
relationship we have, The home front
is of the essence; to use the words of
the old fable, it is the goose that lays
the golden eggs. The internal vitality,
cohesiveness, and morale of the United
States is the single most important fac-
tor that must be constantly taken into
account in the conduct of foreign af-
fairs. It is the central problem now, and
nothing is more important than for us
to deal with it, I will put this bluntly—
we have to restore relations of trust and
confidence between the people of the
United States and their government.

There are times when I am tempted to
put this need in the technical language
of the foreign service: We must at least
restore diplomatic relations between
the American people and their govern-
ment. At the moment it is hard to say
that there are relations of trust and
confidence—or even cordial diplomatic
relations—between Congress and the
presidency, or between the judiciary
and the presidency, or between many
of the regular departments of govern-
ment and the White House, or between
the Democratic party or indeed the
regular Republican party and the
White House.

Along with that restoration—here I
will not hesitate to use old-fashioned
language—there has to go a sense of
moral cleansing, and a sense that we

Milton Kaiz

can count on the elementary decencies
in our government,

With China, I think we should con-
tinue the way we are going, which is,
be sensible, don’t be rambunctious,
recognize that there is no serious con-
flict of interest, certainly not the kind
which warrants shooting.

When I turn to the Soviet Union, I see
two things to keep in the forefront of
attention. First, we must continue to
work on control of nuclear weaponry
not only because it is directly related to
the risk of a holocaust and because,
for both of us, it is enormously ex-
pensive in dollar terms (a precipitating
factor to continuing inflation), but also
because it is enormously expensive in
terms of materials and energy. It is one
of the great and rapid consumers of the
raw materials and energy about which
we are now troubled.

Second, it seems to me manageable for
the Russians and us to arrive at a point
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where we could agree to stay out of

local conflicts. I don’t know what sig-
nificant interest the Soviet Union had

in southeast Asia, but it has been my
view ever since I first had the honor

and opportunity to express my opinions
to President Eisenhower in 1954 that
there have been no vital interests of

the United States engaged in Indochina,
And to fight wars where no vital inter-
est is involved—and not even any major
interest—is stupid in the extreme. It's
also immoral, even for people who are
not pacifists but believe that war can

on occasion propetly be used as an
instrument of policy. It's immoral
because that kind of killing can never
be justified unless it’s necessary to
maintain vital purposes and interests.

We are managing now, at least in the
military sense and for the time being,
to keep American and Russian forces
out of the Middle East. If we and the
Russians could at least agree to stay
out of there militarily, and stay out in
fact, then we could work with them
on arms control.

With regard to Europe and Japan, it’s
clear that we have to reestablish far
more mutually constructive relation-
ships than we have. This does not mean
we close our eyes to the facts of con-
flictinig interests. But it means that we
identify our elements of common in-
terest and build on them, and identify
our conflicts of interest and find ways
of reducing the friction to a practical
minimum,

I recognize the psychological difficulties.

When we developed the relationships
with Europe and with Japan through
the fifties, we were the only one that
was vital and really able to function,
Both Europe and Japan needed our
military protection, and we gave it;
they needed our economic support, and
we gave it; they wanted and welcomed
our leadership in many respects, and
we gave it

Today Europe is again an immensely
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vital area in the basic intellectual and
political sense and in the economic
sense; and Japan is a thriving and
enormously vigorous economy. If Eur-
ope and Japan seem to have difficulty
in accepting the responsibilities that
go with their present strength, we on
our part seem to have difficulties in
accepting the fact that they no longer
will readily do everything that we ask
them to do.

I don’t think we can reconstruct NATO
as it was or reconstriict the kind of rela-
tionship that formerly existed. What we
can do is reconstruct a working rela-
tionship that’s mutually useful and
constructive, that takes account of
present realities, and in which all of us
adjust ourselves to changed circum-
stances.

I think the United Nations, given its
changed character, can be used effec-

" tively for certain things, It could be the

institutional mechanism, above all insti-
tutional mechanisms, where the ad-
vanced industrial societies (meaning,
essentially, Europe; North America,
and Japan in the non-Communist world,
and the Soviet Union and East Euro-
pean countries like Czechoslovakia and
Poland on the Communist side) could
deal with the so-called L.D.C.'s (the
“Less-Developed Cotintries,” which
means essentially the nations of Latin
America, South Asia, and Africa) as

a group. The dealings could relate to
trade and exchange; and to the ap-
parent attempts of the L.D.Cs to
organize intergovernmental cartels to
raise the prices of raw materials,

Through the U.N, it may also be
practicable to find somebody-—not the
United States, not the Soviet Union,
but somebody with our support and the
Soviet Union’s support—to work on
local conflicts between or among
L.D.C.’s in an endeavor to bring them
to some kind of adjustment.

These are the lines of effort I would
suggest. In regard to all of them I

would again stress the primacy of our
internal situation, It is the central and
outstanding factor in the contemporary
foreign policy of the U. S.

Some years ago, in the late fifties,

Hugh Gaitskell, who was then the
chairman of the Labor Party in Britain
and heir apparent to the Prime Mini-
stry, was in this country. In a discussion
of certain economic difficulties of
Britain and of Europe, someone asked
Gaitskell: “What is it youi want the
U.S. to do?” He replied: “The principal
thing I want you to do is to have a
vigorous internal economy here, be-
cause if your economy goes down,
there will be little hope for the rest

of us.”

Unless we recover our basic resources
—and I here refer to the primary

moral, psychological, and social sources
of our strength, which have been our
strength since the days of the founding
fathers—I don’t thirk we're going to

be able to conduct a very useful or
intelligent or far-sighted policy.

—Milton Katz,

Sherman Fairchild Distinguished Scholar,
in an Athenaeum Lecture, “The Question of
Peace—Reexamined after Twenty Years,”
March 14.

' Energ y

The shortages are temporary. There are
enough resoiitces in the earth’s surface
for the whole population of the world,
even if it rose to ten billion, to live at
the level of Americans for literally
millions of years, provided that you go
the route of using the lowest grade of
all resources, which is the common
rock of the earth’s criist, This contains
everything that is needed to riin a high-
energy, high-technology society.

The thing is that, becduse we have
allowed ourselves the luxury of nap-
ping, we are now caught in a bind of
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James Bonner

having to do the research and develop-
ment work that will enable us to get
those low-grade resources.

Copper ore was once considered
worthless unless it contained over

30 percent copper, but today ore
containing .3 percent copper is being
mined, Thus by improved technology
it may be possible to mine the minute
quantities of various minerals from
ordinary rock—granite, for example.

1 believe it will take tens of years to
develop this kind of technology, and I
predict that the biggest changes in life-
styles will occur in these development
decades.

—James Bonner,
professor of biology, in a newspaper
interview, February 15
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Faith and Reason

Since the beginnings of civilization,
man has attempted to predict his future.
He has sought to foretell his destiny
from the intricate patterns of the star-
filled heavens, the entrails of sacrificed
chickens, the residue of tea leaves in
cups, the turn of tarot cards, and
thousands of other signs, symbols, and
omens.

Wise men, shamans, gurus, oracles, and
yes—even priests, professors, and poli-
ticians—are looked to for their visions
and foresight. How do we divine the
future? What forces shape our behavior
and thus, in effect, create the future
reality? I see today, as never before, an
intense and polarizing struggle for
man’s mind between the forces of faith
and mysticism and science and reason.

Look about us. We live in a bumper-
sticker world. In the few letters that
can be scrawled and pasted upon the
outer limits of automobiles, we see calls
for religious dogma and for radical-
political action, statements for and
against guns, demands for wilderness
areas and at the same time for more
ski lifts. Qur lives and times are
motivated by slogans, 30-second
commercials, headlines, and the instant
mass culture of superficiality.

And yet, this is the very moment when
the fundamental problems of man have
a base in science and technology and
cannot be solved without them. On the
other hand, how long have we been
lulled into a sense of false security by
our scientists and technologists? They
continually reach out for more moneys
for their research projects, holding
forth promises of everlasting health
and life, smog-free cities, supersonic
transportation, and Elysian fields of a
labor-free life—none of which are
delivered.

One of the major factors contributing
to our schizoid dilemma between mys-
ticism and reason is the apparent crisis

we face in handling the enormous
amount of information which is gen-
erated, transmitted, and received
throughout the world. Each of us con-
tinually feels inadequate to come to
grips with this superabundance of
information—to understand it, to
digest it, and to utilize it. We must have
a “fluency” with language which en-
ables us to express our complex ideas
both in quantitative and qualitative
terms.

We must also develop conceptual
structures within which the language,
both verbal and numerical, can be
utilized, Scientists have too often
neglected their social responsibility to
communicate and explain their ideas
and discoveries in language and in con-
cepts which can be understood by
interested citizens. Those of us who
work in the areas of science and tech-
nology must recognize the necessity not
only to share our knowledge, but also
to point out the diverse social conse-
quences of applying this knowledge.
Scientists and technologists must always
recognize and identify where their
“knowing” is scientific and where it is
a function of personal value judgments.

I believe that our feeling of intellectual
impotence may be built into our ap-
proach to education. We have long
been geared to the notion that educa-
tion should impart facts and data,
literally fill up the biological data banks
of our brains.

Rarely do we come to grips with
developing the skills of mathematics
and language, the ability to see fun-
damental relations and explanations
within the data and the facts, and
above all, the methods by which to
seek and find new knowledge and new
relationships. At a time when com-
puters can store far more information
for instant recall than can the human
brain, it seems a shame not to use the
intricacies of the human brain in a
more creative and functional fashion.
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Speaking Of... continued

Furthermore, within the process of
education at all levels from preschool
through postgraduate, we readily suc-
cumb to the fragmentation of knowl-
edge as described in C. P. Snow’s The
Two Cultures. We fail to commit
ourselves to the notion of an education
for one culture in which the disciplines
of science, the social sciences, the
humanities, and the arts interrelate
and integrate,

Mysticism and reason need not be
polarizing forces.

In all of our thoughts and actions these
modes of perception are functioning
together. How few scientists and tech-
nologists recognize and are willing to
admit the acts of faith that underlie the
very scientific methods that they em-
ploy. Conversely, some of the most
basic contextual aspects of art, poetry,
philosophy, and music are closely re-
lated to concepts that are operational
in science.

There are three underlying assumptions
of faith that every scientist must hold
whether he knows it or not, These are:

(1) There is order in the universe.
(2) Man can understand that order.
(3) Tt is good to understand that order.

Indeed, it is the quest to understand
meaningful relationships in the universe
that drives all of us who practice
science to continue searching.

My concern as a scientist, as a teacher,
as a citizen, and perhaps above all as

a human being is to live and act in
accord with the notion of the one
culture of man, Science is only one
way of perceiving the universe through
its questioning, proposing hypotheses,
experimenting and verifying the hy-
potheses, and ultimately extrapolating
from present understanding to new
questions and new ideas and new
relationships. T think we should bring
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Paul Saltman

this same sort of perception into every-
thing we think about and do.

At the same time, we must see that

the fundamental issues of the future of
man are not solely based on facts or
data, but rather lie in the human and
social values that we place upon our
interpretations of these facts,

Jacques Monod, the French Nobel
Prize winner and biochemist, spoke
most eloquently when he said: “Man
finally knows that he is alone in the
indifferent immensity of the universe.
No more than his destiny is his duty
anywhere preordained. It is up to him
to choose between the kingdom and
the shadows.”

What is to be man’s choice? On what

rational or mystical individual and
collective premises shall it be made?
For me, the answer lies in our commit-
ment to knowing and understanding,
our concern for self and others, our
sensitivities to our own and our so-
ciety’s needs, and our belief in individ-
ual and collective man’s ability to
change and evolve.

Many years ago, I appeared on a

panel program with a delightful and
brilliant Canadian author, June Call-
wood. At that time, we were discussing
our value judgments and concerns, and
I referred to the biblical credo which
has influenced greatly some aspects of
my own life, “T am my brother’s
keeper.”

On reflection, June Callwood asked me
to reconsider that motto, slightly
changed but far more powerful, “I am
my brother.” If each of us can recog-
nize the reality of this paradoxical and
dynamic interaction of existential self
and societal others, and at the same
time bring into dynamic equilibrium
the forces of faith and reason, I believe
that the future of man and the societies
and nations of this earth will be better.
We can and must make it so.

—Paul Saltman (BS '49, PhD *53),

from “I Am My Brother” in Courses
by Newspaper, a copyrighted series of
lectures. (Reprinted by permission.)

Getting Started

I remembered a remark which Pro-
fessor Richard Tolman had once made
to one of his classes: “When you have
conceived a new experiment, don’t
think about all of its possible difficul-
ties too long or you will never attempt
it!”

—Jesse W. M. DuMond,
professor of physics emeritus, in
Autobiography of a Physicist O
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Retiring This Year

Four Caltech faculty members will
receive emeritus status in July—H,
Frederic Bohnenblust, professor of
mathematics; Edward W. Hughes,
senior research associate in chemistry;
Anthonie Van Harreveld, professor of
physiology; and Vito A. Vanoni, pro-
fessor of hydraulics.

At a faculty dinner at the Athenaeum
on May 22, Robert P. Dilworth, pro-
fessor of mathematics and chairman of
the faculty, reviewed the distinguished
careers of the four men. We quote
from his remarks:

H. F. Bohnenblust

H. F. Bohnenblust, born in Switzerland,
came to this country to do graduate
work in mathematics at Princeton
University in 1928. He completed his
doctoral work in 1931 and was a
member of the mathematics faculty

at Princeton until 1945. Following a
year at Indiana University, he joined
the Caltech faculty in 1946.

Boni’s administrative ability and fine
judgment were quickly recognized, and
he promptly became head of the mathe-
matics faculty—serving in that capacity
for 20 years. From 1956 to 1970 he

was also dean of graduate studies,

and his administrative contributions
extended far beyond the campus. He has
been president of the Association of
Graduate Schools in the American
Association of Universities, was a vice
president of the American Mathematical
Society, and is a member of several pro-
fessional societies. He was co-editor of the
“Annals of Mathematics” for 10 years.

Boni’s research interests have been
mainly concerned with that area of
mathematical analysis known as func-
tional analysis. This subject was just
blossoming into a full-fledged research
field when he began his mathematical
career. Because of his enthusiasm and
clear insight, his ideas had broad impact
on the development of the field. The fact
that this field is still one of the major
research areas of mathematics is strong
evidence that his ideas were indeed
sound. Appropriately, one of the basic
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H. F. Bohnenblust

results in the subject is the Bohnenblust-
Sobczyk Theorem which is still quoted
frequently by workers in the field. (It
would probably be quoted even more
frequently except for a certain under-
standable pronunciation problem.)

Although he established a solid reputa-
tion through his mathematical work,
Boni has become even better known as

a teacher of mathematics. He has, in an
unusual way, the ability to make his
subject matter superbly clear to students.
He is one of the few members of the
Caltech community to have had his
picture on the cover of Time—as one

Edward Hughes

of the ten outstanding teachers in the
nation.

There is one aspect to the teaching of
mathematics that has always been a
source of frustration to Boni. Many of
the situations in the real world to which
mathematical analysis applies arein a
constant state of change, Parameters
and the corresponding solutions are
changing, but the diagrams drawn on
the blackboards are static. They can be
changed only by drawing a new diagram.
With the advent of the high-speed
computer and the CRT tube, Boni
realized that here were tools which
could overcome many of the deficiencies
of blackboard and chalk. For the past
several years he has been busy exploring
the use of these new tools for this pur-
pose. He is just getting well into this
project, so it is clear that he will be

busy for some time to come,

Edward W. Hughes

Edward W. Hughes came to Caltech in
1938, after getting his PhD at Cornell
and spending three more years at Cornell
as Resident Doctor. At Caltech he
quickly assumed the post of Resident
Bachelor. However, in 1951 he quietly
went off to England for a year and to

the astonishment of his colleagues
returned with a wife.

Eddie has also been in the forefront of
science. He introduced the techniques of
the method of least squares into his
professional field, crystallography; today,
with high-speed computers having
replaced the slide rule, least squares

is the universally accepted method for
handling the large amounts of data used
in crystallography.

Eddie has acted as the official “greeter”
for the chemistry division for many
years, both in an official capacity as
host for the divisional seminars and in
an unofficial capacity as liaison for his
wife, Ruth, who has provided housing,
furniture, and solace to innumerable
bewildered visitors and graduate stu-
dents. The second instruction normally
given to a newcomer to the division
was to check in with the faculty office;
the first, to check in with Ruth Hughes.
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Retiring ... continued

Eddie has long served as official photog-
rapher for the chemistry division, and

his collection runs the complete gamut

of campus life. He has also been the
unofficial photographer for the American
Crystallographic Association, which he
served as president and as national
committeeman, and for the Wildflowers
and Trailblazers’ Societies.

Anthonie Van Harreveld

Anthonie Van Harreveld was born and
educated in Holland, completing his
doctoral work at Amsterdam University
in 1931. He began his professional career
at the University of Utrecht and then
came to Caltech in 1934.

He has served the biology teaching
program well as a lecturer in Biology I,
maintaining the tradition established by
Thomas Hunt Morgan of having senior
members of the staff teach this basic
course, But first of all he is a research
scientist. His work involves the nervous
system, including the structure and inter-
actions of neurons, the effects of
chemicals in the nervous system, the
effects of asphyxiation of the spinal cord
on the spinal reflexes, and the creation
of memory traces in the brain.

Van Harreveld has devoted his major
research efforts to the study of the

Antonie Van Harreveld
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distribution of water in the brain. It is
this work which has brought him world-
wide recognition and fame.

The studies of brain tissue by the electron
microscopists had convinced them (and
most brain physiologists) that the cells
of the brain were solid against one an-
other, From his study of what happens
to the brain in asphyxia and spreading
depression, Van H came to quite the
opposite conclusion—namely, that in
the normal brain there is substantial
space filled with water that runs between
the cells, and that furthermore this water
can move in a mad rush from outside the
cells to their insides, swelling them and
making them butt against one another.

In order to show that this hypothesis
was correct, it was necessary to design
experiments which would detect the
extracellular water. This was far from
easy, since the standard detection tech-
niques simply caused the water to dis-
appear into the cells. With great
ingenuity, and persistence, Van H
designed a series of experiments that
demonstrated the existence and stability
of the extracellular water. He then went
on to discover some of the chemical
mechanisms which control the stability
of the brain’s water, Recently he has
shown that a chemical released during
spreading depression that brings the cell
boundaries close together plays a role in
the changes which occur in memory
formation.

Vito Vanoni

Vito Vanoni made his first appearance on
the Caltech campus 52 years ago when
he enrolled as an undergraduate student,
He then went on to earn his BS (1926),
MS (1932), and PhD (1940) degrees
in civil engineering, and began his
official academic career at the Institute
in 1942, when he was appointed assistant
professor of hydraulics—having spent
the intervening years in a mixture of
studies, work, and research.

Though he has been on the Caltech
faculty for 32 years, he has taught his
specialty—sedimentation—to more for-
eign students than Americans, What's
more, he’s done it mostly in Spanish.

In 1959 he took partin a U.S. govern-
ment-funded AID project to upgrade the
education of practicing Chilean engi-

Vito Vanoni

neers. The project seemed so worth-
while—both to Vanoni and to the
Chileans—that he did it againin 1962,
His Chilean students indicated their
appreciation by translating his lectures
(given in English at that time) into
Spanish and publishing them as a text,
News of such a practical and successful
idea has a way of crossing national
borders, and in 1967 he was invited by
the Venezuelan government to lecture
at the University of Venezuela, an invi-
tation he was able to accept and carry
out in Spanish. He did so again in 1971,
72, and '73, and will be off to Caracas
again this summer.

Vito is internationally known as a
consultant on water projects and prob-
lems, but his very special interest for
many years has been the movement of
water in its natural state, in rivers and
floods (aqgua motus naturalis) . Like a
river, Vito himself has meandered over
the globe in pursuit of his studies. Having
a special interest in sediment transport
by rivers, he collected samples of sand
from the Amazon, the Orinoco, and the
Parana, the Nile (which he pursued to
its source in Lake Victoria), the Yukon
(from which he panned gold dust), the
Volga, the Sepic River in New Guinea,
the Skang River in Malaysia, the
Colorado River, and the River Jordan.
In addition to his academic research,
Vito has also carried out applied
research on the stability of water in
harbors, and on wave action, and
numerous engineering projects have
profited from this work, O
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The Month
at Caltech

New Chairman

R, Stanton Avery has been clected
chiirnnin of Caltech’s Board of Trus-
tees. He suceeeds Arnold O, Beckman,
who becomes chairman emeritus and a
life trustee.

Mr. Avery, who has been a trustee

since 1971, is founder and chief exec-
utive officer of Avery Products Corpora-
tion. He started the company in 1932,
three years after he graduated from
Pomona College, and it has become the
world’s leading producer of sel{-adhesive
products.

A leader in southern California
academic and cultural affairs, Mr.
Avery is chairman of the Board of
Trustees of the Huntington Library and
Art Gallery, and a member of the
boards of the Performing Arts Council
of the Los Angeles Music Center and
of the Los Angeles County Museum

of Art. From 1965 to 1973 he served
as chairman of the Board of Fellows
of the Claremont Colleges.

Caltech Loves Albert

Watch a man laying a new cement side-
walk, Watch how skillfully he smooths
the fresh, wet cement, Watch what
happens to the smooth, new ccment as
soon as the workman departs. Somebody
finds it absolutely necessary to record
on it, for posterity, the fact of his
existence, such as:

FRANK ALBANESE
or the state of his emotions:
FRANKIE LOVES ANGELA

or even a four-letter Anglo-Saxon
exhortation:

(EXPLETIVE DELETED)

This is the way it goes, almost anywhere
in the world. But not—as so often
happens—at Caltech. For a few short
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weeks (before it was destroyed during
the renovation of the Throop Hall site),
a pristine strip of new >idewalk at the
southieasi coiner ot Dabney Hall bore

a single fuserigtioa:

5 Gy A oLty

—which, Frank Albanesc would be sur-
prised 10 learn, is Finstein’s tensor
equation for gravity.

It’s for Keeps

The history of the Institute is in safe
hands—Judith R. Goodstcin’s. She has
been Caltech's archivist since 1968.

Judy came to Caltech, looking for a
tcaching job, after she got her PhD in
the history of science from the
University of Washington in 1968,
Though there wasn’t any opening in
that field, the Institute was looking for
an archivist—a position that had been
created because Caltech, after a long
period of litigation with the Air Force,
had finally been awarded custody of
the voluminous Theodore von Karman
papers.

When Judy took over, the only collec-
tions in the archives, aside from the

von Karman papers, were those of two
of Caltech’s founders—George Ellery
Hale and Robert A. Millikan. There are
30 collections in the archives today,
housed along with Judy and her
assistant, Ruth Gordon, in the basement
of Millikan Library. (“Collection,”
incidentaily, includes everything from
notebooks and committee reports to
personal and professional correspon-
dence, scientific journals, and pre-
prints.)

The archives now house the papers of
Earnest C. Watson, Richard P.
Feynman (including his high school

notebooks), Max Delbriick, and
Edward C. Barrett. Barrett served as
secretary (and later also as treasurer
and ceingtroller) of the Institute from
1911 10 1952, and his papers offer a
challenge to cryptographers. For many
vears, Barrctt compiled detailed infor-
mation about the workings and activiiies
of the Institute for eventual use in a
history of Caltech. But all the notes are
in a shorthand devised by Ned Barrett
himself—and, unfortunately, no one
has even come close to breaking his
code.

E. T. Bell, one of Caltech’s great
mathematicians, destroyed all his
scientific material before he died. (This
is not at all uncommon, according to
Judy—for reasons ranging from privacy
to modesty.) The only papers he kept
were his correspondence with editors
of science fiction magazines, for whom
he wrote regularly under the pcn name
of John Taine.

When Judy Goodstein got wind of the
fact that all of this correspondence was
still extant, she wrote at once (o Bell’s
widow—unaware of the fact that she
had died many years before. The letter
was passed on to the banker who was in
the midst of settling the estate of a
deceased student of Bell’s who had been
working on a biography of Bell for

the National Academy of Sciences. The
student’s house on Seventeen-Mile-
Drive in Carmel was about to be
auctioned off, together with all its
contents. Since the bank felt that the
science-fiction papers were of no
particular value for estate purposes,

the Caltech archives got a rcal windfall,

The archives now contain about
300,000 documents and a growing
collection of tapes, including those of
the original lectures of R, P. Feynman,
which were transcribed and edited into
the famous Lectures on Physics. The
tapes of the Monday evening Watson
Lectures given in Beckman Auditorium
are also preserved there.
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The Month
at Caltech. . . continued

Judy has also been collecting more
general information such as old ac-
counting ledgers of the Institute, which
she found in a warehouse, and some
division records. The biology division’s
papers from 1928 until 1957 include
the minutes of all biology division
faculty meetings and even the names

of undergraduate advisors. These
papers were compiled for the most

part while George Beadle was division
chairman. Comparable documents from
astronomy have also been promised,
and these will be greatly augmented by
the papers of Jesse L. Greenstein, Lee
A. DuBridge Professor of Astrophysics,
who has agreed to start transmitting
some of his material to the archives in
the fall.

The most recent acquisition is the
collected papers of physicists Charles
C. Lauritsen and Thomas Lauritsen,
which were given to the Institute by
the Lauritsen family.

Another recent acquisition of special
interest is the scientific and personal
correspondence of the mathematician
Tullio Levi-Civita, who maintained a
correspondence between the years 1896
and 1941 with more than 900 people
throughout the world, including many
Caltech scientists. About 4,000 letters,
postcards, reports, and miscellaneous
documents were written during that
time, and Judy has just completed the
enormous task of cataloging them.
Because of this work, she was invited
by the Accademia Nazionale dei Lincei
(Italy’s national academy) to take part
in the 100th birthday celebration for
Levi-Civita in Rome last winter.

The Caltech archives is one of the

very few anywhere to be devoted
exclusively to science, and it is the first
of its kind on the West Coast, Scien-
tific historians from all over the country
consult its collections. “And we get a
lot of calls,” says Judy, “from Harvard,
Johns Hopkins, the Smithsonian, and
UC Berkeley.” Freelance writers also
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Judy Goodstein

use the collections, and the Institute
administration uses archival materials
for determining names, dates, details of
publications, and personnel information,
CBS’s “60 Minutes” news program on
the Chinese Nuclear Development
program came to the archives for
information on Hsue-Shen Tsien—a
student of Von Karman's, and now
director of the nuclear development
program to the People’s Republic of
China. One of the most obscure re-
quests, Judy recalls, was from a stu-
dent doing research on the group of
row houses in Chicago where Robert
Millikan once lived.

What would she like to have for the
archives more than anything else in
the world? Judy's eyes take on a far-
away expression, and then she smiles.
“The Linus Pauling papers,” she says.
—Joy Hays

In Memoriam

John G. McLean

John G, McLean, a member of the
Board of Trustees since 1971, died
May 20 in Greenwich, Connecticut.
He was 56.

Mr. McLean, who was chairman and
chief executive officer of Continental
Oil Company, graduated from Caltech
in 1938 with a BS in applied physics,
and was recipient of the Institute’s
Distinguished Alumni Award in 1970.
He received his master’s and doctor’s
degrees from Harvard Business School
and served on its faculty for 14 years
before joining Continental in 1954,

Herbert G. Nash

Herbert G. Nash died in Pasadena on
May 10 at the age of 79. At the time of
his retirement in 1964, he had served
Caltech longer than any administrative
nonacademic employee—42 years,

Bert Nash was a native of London,
England. In 1922 he came to the Insti-
tute from Winnipeg, Canada, as chief
accountant. He was made assistant
secretary of the Board of Trustees in
1935, and in 1952 he became its secre-
tary. At the time of his retirement he
was also assistant secretary and assistant
treasurer of The Associates, Mr. Nash
served as a member of several key
administrative committees, and he ad-
ministered the insurance programs for
the Institute and JPL, He is survived by
his wife, Josephine, and three children.

Jeanne Augé

Jeanne Augé died on May 30 after a
long illness. She came to the Institute in
1935 to be an assistant to the graduate
dean, Richard Tolman, and for the next
30 years she worked with a succession

of them, including Roscoe Dickinson,
William Houston, William Lacey,
Sterling Emerson, and H. F. Bohnenblust.

By the time of her retirement in 1966,
Mrs. Augé had earned the gratitude of

a multitude of graduate students, as

she helped them to adjust to their new
environment. After leaving the campus,
she continued an active interest in
Caltech affairs, and she never failed to
attend Commencement—taking pride in
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noting “her” Caliech-PhD faculty
members in the procession and after the
exercises congratulaling the new degree
holders.

In 1972 she moved to Kentucky to be
near her son Roger. She is survived by
him, four grandchildren, and three great
grandchildren.

MNAS Addenda

Lust month E&S reported on the
clection of faculty members Roy Geuld
and Leon Silver to membership in the
MNational Academy of Sciences. Now,
we add the names of six alumni who
received the same honor: Horace W.
Davenport (BS ’35, PhD ’39), Dan L.
Lindsley Ir. (PhDD '52}, Allen E,
Puckett (PhD ’49), William R. Scars
(PhD °38), Howard M. Temin (PhD
'60), and John S. Waugh (PhD ’53).

NAS has also tapped William A,
Fowler, Institute Professor of Physics,
for a three-year term on its 17-member
governing council. John R. Pierce, pro-
fessor of engineering, has just com-
pleted a stint as a councilor.

And George Hammond, former Arthur
Amos Noyes Professor of Chemistry
and chairman of the Division of Chem-
istry and Chemical Engineering at Cal-
tech, has been elected NAS foreign
secretary for a four-year term. He
succeeds Harrison Brown, professor of
geochemistry and of science and govern-
ment, who has held that position since
1962.

More Faculty Honors

Clarence R, Allen, professor of geology
and geophysics, has been elected to the
American Academy of Arts and
Sciences.

Harrison Schmitt (BS '57), astronaut
and Sherman Fairchild Distinguished
Scholar at Caltech, has been appointed
assistant administrator for energy pro-
grams in the National Aeronautics and
Space Administration headquarters

in Washington, D.C.

John D. Roberts, Institute Professor. of
Chemistry; and Roger W. Sperry, Hixon
Professor of Psychobiology, have been
elected to membership in the American
Philosophical Society. O
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Letters

Chuck Bures

EDITOR:
Charles Bures is no longer here.

At a time and place where success is
measured in units of dollars and politi-
cally manipulatable awards, true giants
may come and go unnoticed by the
scizntific lot.

1 first met Professor Bures in '65 when 1
attended his Psychology classes; 1 am
still a student of his, still learning from
his example,

When I first enrolled in his class, it
was out of a desire to maintain my sanity

' and humanity in a small world of largely

unidimensional pseudoscientists who
composed the “mutual admiration
socicty of Pasadena.” Tt became immedi-
ately apparent that I had met a Master,
in the true Oriental sense.

Professor Bures had a more analytic
mind than most of the self-proclaimed
analytic types who thrived there. More
than that, he had rcalized that the
linear one-at-a-time approach of con-
ventional science was a self-imposed
blindfold; real-life problems don’t
behave in a linear one-at-a-time fashion,
and it takes a unique ability to perceive
them in their complexity. Professor
Bures had that ability.

He understood life and what makes it
worthwhile. He was quick-witted, and
careful at the same time to be com-
passionate. Given the usual choice
between prolific publications for their
own sake and teaching Caltech’s youth,
he chose the latter, And I am forever
thankful to him for that.

MicHAEL A. CALOYANNIDES
(BS’67, MS’68, PhD ’72)

No Giee

EDiTOR:

. T am writing to you about a feature that

appeared in the May 1974 issue of
Engineering and Science magazine,
namely “An Outburst of Music.” As the
official student representative of the
Men’s Glee Club I have a few complaints
about this feature.

First, it is supposedly a “smorgasbord
of musical activities.” However, I think
it could have been more representative
and inclusive. No pictures of the Madri-
gal Singers, Varsity Quartet, or Men’s
Glee Club appeared, although these
groups are as active as any others on
campus and form a “main course” of
the smorgasbord. The Men’s Glec Club
is mentioned and the reader is referred
back to a previous issue. However, the
arlicle referred to (E&S—October 1973)
was about vocal instruction, not the
Mew’s Glee Club, Madrigals, or Quastet.
True, it gave us coverage, but the issue
here is representation not coverage,

I am wondering what sort of impression
readers, specifically alumni, will get
when they see “An Outburst of Music.”
Will they think we have ceased being

a vital force while we still in actuality
have the largest student involvement of
any club on campus?

Secondly, I take issue with the statement
that the Women’s Glee Club and the
Chamber Singers are “moving in” on
the Men’s organizations. This is some-
what illogical, since the men in the
Chamber Singers are from the Men’s
Glece Club, Also, it is simply not true.
Our groups work in cooperation, not in
competition. I would like to know just
what prompted that statement to be
written.

Finally, the pictures seem to imply a
larger numerical contribution by women.
While this may be true on a percentage
basis, it is certainly not accurate as far as
actual figures go, and not to the extent
presented in the article.

It scems obvious that no attempt was
made to present a reasonable represen-
tation of musical activities with regard
to effort, time, or numbers involved. If
there was a reason for this T would like
to know why. But I belicve it presents
an inaccurate picture to your readers
and this is unfortunate.

Sincerely,

JEFF ERIKSEN
President

Men's Glee Club

P. S. By the way, the reference was
wrong—it was November 1973!

Right: We were wrong. The three-page
picture story on the Glee Club ran in
our November-December 1973 issue.
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Good Nutrition
for the Good Life

... continued from page 9

of these molecules in the human body.
The powerful drugs that are used by
doctors, who treat crises with these crisis
drugs, do the job, but they usually have
serious side effects and you have to be
careful about them. In particular they
shouldn’t be taken day after day,
whereas the vitamins can be taken day
after day for the rest of your life.

The paper in which I introduced the
word orthomolecular had the title
“Orthomolecular Psychiatry.” In 1954
I began work here at Caltech with the
support of a grant from the Ford Foun-
dation and later from the National
Institute of Mental Health on the mo-
lecular basis of mental disease, After
some time I learned about the work

of Drs, A. Hoffer and D. Osmond in
Saskatoon, Saskatchewan. Hoffer had
observed that large doses of one of the
B vitamins, the antipellagra vitamin
nicotinic acid, niacin, seemed to be
beneficial to schizophrenic patients.
Hoffer and Osmond carried out the
first double blind test done in psychiatry,
and they concluded from the results of
this test that, taken in amounts of
several hundred times the amount that
will prevent pellagra, the substance did
have value for many schizophrenic
patients—especially young, acute schizo-
phrenics who were hospitalized for the
first time.

I wrote a paper in 1968 in which I
presented a number of arguments about
why megavitamin therapy should be
especially valuable for mental disease.
This argument appealed to people who
were using this therapy to such an
extent that there is now a journal

named Orthomolecular Psychiatry and
an International Academy of Ortho-
molecular Psychiatry, and a book,
Orthomolecular Psychiatry, published a
year ago—of which a psychiatrist,
David Hawkins from Long Island, and
I are co-editors—about the basis of
megavitamin orthomolecular treatment.

I believe there’s no doubt that the
statements made by the orthomolecular
psychiatrists are right. The ordinary
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treatment with the use of phenothia-
zines mainly for acute schizophrenics
leads to about 35 to 45 percent success.
This means that 35 or 45 percent of
these acute schizophrenics are released
from the hospital and do not suffer a
second hospitalization, But if they also
receive orthomolecular treatment in
addition to the phenothiazine and what-
ever else the psychiatrist wants to give
them, it is said that 80 percent of them
are released and not hospitalized a
second time. They are to continue the
vitamins the rest of their lives, The
phenothiazine they stop taking quickly.

In my paper, I pointed out that the
brain is probably the most sensitive of
all organs to its molecular composition,
and that it is not surprising that the
megavitamin therapy should have been
developed first of all for mental disease.
But it is valuable also for physical
disease.

. The amounts given these schizophrenic

patients vary—they are not the same
for individual patients, but they usually
run about 6 grams a day—4-8 grams

of ascorbic acid, about 8-20 grams a
day of niacin or niacinamide, and about
400-800 milligrams of pyrodoxine and
sometimes 400-800 units of vitamin E
and thiamine. These all vary, but
usually with emphasis on ascorbic acid
and niacinamide.

Vitamin E is an important substance.
The Food and Nutrition Board brought
out a few months ago a statement to
the effect that they have reduced the
daily recommended dosages of vitamin
E from 30 milligrams to 15 units. It's
hard to know why they have reduced
it, but I believe it would have been
wiser to increase it. Perhaps one reason
for reducing it is that the big food
companies have begun stripping the
cooking fats, the oils, of their vitamin
E so that the fats you eat don’t contain
as much vitamin E as they used to.
Then they sell the vitamin E, and it’s
rather high priced—nearly $100 per
kilogram. (Vitamin C can be be pur-
chased for $7.50 per kilogram as pure

crystals, and it is cheapest this way.)

Well, about vitamin E—in the Food
and Nutrition Board report they said
that there is no evidence that any dis-
ease, except one rare disease among
infants, is benefited by taking large
doses of vitamin E. So I wrote to Jean
Mayer, professor of nutrition at
Harvard, who has a newspaper column
in which I first saw this reported, and
asked him why he made the statement
(he is a member of the committee) in
light of the report by Knut Haeger of
Sweden about peripheral occlusive
arterial disease, and the other reports
on this disease. And he replied by a letter
in which he said that he'was asking the
Food and Nuitrition Board to send me a
copy of the statement, and that was all.
The statement arrived, and it was just as
he had quoted it. So I wrote to the
chairman of the Food and Nutrition
Board three months ago asking why they
made this statement in the light of
Haeger's results, and I haven’t gotten
an answer from them.

Knut Haeger published a paper in 1968
about a seven-year study he had made
of patients with peripheral occlusive
arterial disease. He had 220 patients
under observation—people perhaps
with diabetes or prediabetic conditions
who have hardening of the peripheral
arteries with a decreased flow of blood
to the extremities; sometimes they get
gangrene in the foot. He gave half of

" them 300 units a day of vitamin E and

the other half a placebo. They were
age-matched so that the average ages
were the same in these two groups.
During the seven years of the study,
one of the vitamin E patients had to
have a teg amputated because of gan-
grene, and 11 of the control group had
to have legs amputated; this difference
has high statistical significance. It’s not
a statistical fluctuation—otie chance in
a thousand of that. Nine of the vitamin
E patients died during the seven years,
and 19 of the control patients. This
difference has borderline statistical sig-
nificance—about 10 percerit chance of
its being a statistical fluctuation.

JUNE 1974



These people have what is called
intermittent claudication—hat’s a
highbrow name for limping occa-
sionally, They can start out walking
at a good rate; after they have walked
a while, they develop wigiina in the
calves of the legs. The work of the
muscles tses up the one gen o that
they have to stop walking because of
the pain caused by anoxia. {f takes
About siv imonths for thera 1o getina
stable state. After about six months,
though, the vitamin E subjects could
walk on average about twice as far as
the control subjects before they devel-
oped claudication, and this is statisti-
cally significant tco—the standard
deviations are such that the difference
is statistically significant. Therc arc a
number of other studies that report
essentially the same thing.

Haeger asked the question, Who is it
who belicves that angina in the calves
of the legs is different from angina in
the heart muscle caused by anoxia?
There have been no good double blind
studies made of vitamin E in relation
1o heart disease. But Wilfred and Evan
Schute in Canada treated 30,000 heart
patients by giving them large doses of
vitamin E, and they report that there is
no doubt they are benefited, For ex-
ample, a Dr. Geoige wrote them about
himself. He had diabetes and had a

leg amputated becausc of gangrene—
poor circulation—and then after that
he heard of the work the Schutes were
doing and he started taking vitamin E.
He was scheduled to have the other leg
amputated, but it healed when he took
the vitamin.

And yet the medical profession as a
whole has rejected this evidence in

the same way that they have rejected
the evidence about the value of vitamin
C for the common cold and other
diseases.

Now I don’t know just what the
oplimum intake of vitarins is. T take
1,200 units of Vitamin E per day,
which gives an indication of what I
judge to be the sensible thing to do.

INGINALRING AND 3CIENCE

And I take super-B vitamins every day
which contain 50 milligrams (that’s
about 25-30 times the recommended
daily allowance) of thiamine, and 50
milligrams of riboflavin and 50 milli-
Lraims of pyridosine, and 100 milli-
grams of nicinamide (though T usually
tahe 30U0-400 milligrams of nicotinic
acid separately 100) and & multivitamin
tablet thai gives me 4 .G nnits of
vitamin A plus other vitamins and
minerals, and sometimes 1 take 25,000
units of vitamin A, T am trying to see
if 1 can discover what the optimum

Avoid sucrose, take a fair
amount of vitamins,

stop smoking cigarettcs,
and youw’ll have a longer

and happier life

intake of vitamin A is. But this is a
hard problem. 1 think there should be
hundreds of millions of dollars ex-
pended on finding out what the opti-
mum nutrition is for a human being.

I think that vitamin E has great value,
and that these other vitamins have
value, and I'm willing 1o estimate that
the morbidity and mortality of various
discases and the rate of aging can be
decreased by another factor of two in
this way.

There’s one morc nutritional ortho-
molecular treatment that I'll mention.
This is a negative one involving sugar—
sucrose. John Yudkin was professor of
biochemistry and nutrition at the Uni-
versily of London 15 years ago, and he
published a paper on his research on
sucrose in relation to heart disease. He
studied the incidence of heart disease
as a function of the amount of sugar
ingested, and he concluded that people
who take 120 Ibs of sugar per year
have six times the chance at a given

age of coming down with coronary
heart disease as people who take 60 1bs
per year or less. Those who take 150

Ibs or more a year have 15 rimes the
chance at a given age of devcloping
coronary heart disease as those who
take 60 Ibs or less.

Two hundred years ago practically no
one got any sugar. And the intake—
you get small amounts in fruit and
honey—measured up o 15-20 ibs per
vear. The average in the U.S. is now
over 100 1bs per year. Tt's 110-120 Ibs
in I'ngland, and Holland, and some
other countries. This is an unnatural
situation, 10 ingest so much sucrose—
and it is harmtul. A study was made by
Milton Winiiz, a biochemist, in the
state correctional institution at Vaca-
ville. He got 18 volunteers in a locked
ward and fed them a small-molecule
dict consisting of 17 amino acids, a
small amount of essential fat, all of the
vitamins in the recommended daily
amounts, and all of the essential min-
erals, and glucose as the only carbo-
hydrate, He measured 26 clinical
characteristics and found that they all
stayed the same when the prisoners
went from the prison diet over to this
chemically determined diet—except
one. The serum cholesterol dropped
from 207 milligrams per deciliter
average to 155 average within a month.
Within a week it was down half way.
After a few months the patients com-
plaincd about the taste of the food, so
Winetz replaced a quarter of the
glucose with sucrose—with everything
else the same—and the serum choles-
terol went back up to the original level.
It’s the sucrose—not the carbohydrate
—that’s the culprit.

I believe that if people were to avoid
sucrose—hardly ever spoon out a
spoonful of sugar from the sugar bowl
onto anything, avoid sweet desserts
except when you're a guest somewhere,
avoid buying foods that say “sugar” as
one of the contents—they could cut
down on the incidence of discase and
increase life expectancy, Take a fair
amount of vitamins. Stop smoking
cigarettes. And you’ll have a longer and
happier life—more vim and vigor and
a better time altogether. O
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Medical Genetiés and
the Englneerlng of Man

. continued from page 5

Thorny questions arise concerning any
genetic screening program, Should a
screening program be carried out if
there is neither treatment for the dis-
ease nor any possibility of prenatal
diagnosis? If the screening program is
desirable for medical reasons, how
should the information be stored and
who should have access to it? Insur-
ance companies? Employees? Interested
private individuals?

In the future two other techniques now
in the developmental stages will also
afford man opportunities to manipulate
his gene pool (ir vitro or test tube
fertilization and reimplantation) or to
alter his own genes directly (gene
therapy).

Test Tube fertilization

It is now possible to combine mouse
sperm and ovum outside the mother’s
body to produce a normal fertilized
zygote which can be grown in tissue
culture to the 16- or 32-cell stage
(blastocyst stage) . At this stage of
development, if the zygote is implanted
in the uterus of an appropriately
prepared female, in more than 50 per-
cent of the cases normal infant mice will
be produced after an appropriate gesta-
tional period. In vitro fertilization has
also been accomplished with human
sperm and ova. Reimplantation of the
fertilized zygote in female humans
should be possible within ‘a very few
years. These procedures could permit
.many thousands of couples who are
infertile due to blockage of the uterine
tubes to have their own children.

Obviously this procedure raises its

own interesting questions. Can one be
assured that the offspring from such a
procedure will be normal infants? (In
mice the abnormal offspring appear to
abort early, and most of the fetuses
surviving through to birth appear per-
fectly normal.) The procedure of ovum
extraction from the mother generally
yields multiple ova, If only a single
ovum is hecessary for fertilization, how
will the remaining ova be used? The
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Manipulating the gene pool in mice is now
possible with in vitro fertilization and re-
implantation. Ova and sperm from mice can
be mixed in a test tube to yield a fertilized
egg (zygote). After the egg grows in the test
tube to the blastocyst stage, it can then be
reimplanted in an appropriately prepared
female. After a normal gestation period,
normal mice are born.

fertilized egg can be transplanted into
any female uterus. Could a single set
of parents hire wombs (i.e., “wombs
for rent”) to produce many of their
own progeny? Artificial wombs seem to
be a very distant possibility at this
time, and Aldous Huxley's test-tube
factory for babies appears remote.

These studies also set the stage for
advances in yet another area which, for
human beings, is currently placed in
the realm of science fiction—cloning.
Frogs and carrots, however, have been
successfully cloned. In the case of a
frog, a nucleus is removed from one

of the cells that line the intestinal wall,
and it is reimplanted in an ovum that
has had its own nucleus removed. This
“manufactured” zygote (i.e., fertilized
egg) apparently initiates the normal
developmental programs, which thereby
induce the growth of a normal frog
with a genetic constitution identical to
the parent from whom the intestinal
nucleus was removed (i.e., a clone).

Two major difficulties arise in carrying
out such a procedure in mammals.
First, mammalian ova are extremely
small and, accordingly, difficult to
manipulate with the microsurgical
techniques required for the transplanta-
tion of a new nucleus. Second, mam-
malian eggs, unlike their amphibian ~
counterparts, develop in the mother’s
body rather than in pond water. In
theory the first difficulty can be cir-
cumvented by an important new tech-
nique of cell biology—cell fusion,
which makes it possible to fiise together
any two cells (even those from different
species). Using this technique, it should
be possible to destroy the nucleus in a
human ovum (with a laser beam, for
example) and then to fuse this enucle-
ated egg to a normal human cell from
the same or a different individual.
Presumably this egg with a single
nucleus could be induced to start the
normal developmiental program, and

at an appropriate stage the “clone”
could be implanted in the uterus ofa
surrogate mother. _
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Most of the theoretical barriers to
cloning have been circumvented by
various techniques of modern science.
A number of technical details have yet
to be masiered, but within 10 to 15
vears cloning is likely to be a reality.
Then, of course, another host of ques-
tions will be raised. Should only indi-
viduals with unusual traits or abilities
(such as music, mathematics, art) be
cloned, or should any individual who
can afford the procedure be permitted
to generate copies of himself?

The potential use (or abuse) of cloning
will be limited by the necessity of pro-
viding a surrogate mother for each
clone. Thus a single individual could
be cloned only to the extent that
surrogate mothers could be found.
When and if Aldous Huxley’s vision

of fetal development in an artificial
womb becomes a reality, a new dimen-
sion of cloning possibilities will arise.

Gene therapy

Gene therapy, or “genetic engineering”
as it is often called, might take many
forms. Perhaps the simplest to envision
is the use of modified viruses to replace
defective genes. For example, certain
simple genes have already been synthe-
sized in the test tube, and in theory, the
gene coding for the hormone insulin
could be synthesized. This gene could
then be attached to the chromosome

of an appropriate virus, Certain viruses
have the ability to insert or attach their
chromosomes into those of their mam-
malian hosts, Thus, in principle, an
individual with a defective insulin gene
could be infected with a virus carrying
a good insulin gene, which in turn
could lead to the integration of a good
insulin gene into one (or more) of the
human chromosomes in the defective
cells. Presumably the good gene could
then supply the missing hormone and
thus correct the genetic defect.

It must be stressed that many theoreti-
cal and practical difficulties remain
before this form of gene therapy, or
any other for that matter, becomes a

ENGINEERING AND SCIENCE

reality. How can the defective gene be
identified and isolated for chemical
analysis? Must the gene be inserted into
a single correct position in a particular
mammalian chromosome? Will the
complex control sysiems for the genes
of mammals operate appropriately on
such an inserted gene? Can we be
assured that the virus vector will not
cause cancer in the host? These are
only a few of the questions that render
the possibility of gene therapy unlikely
for many vears—but the eventuality
will come to pass, perhaps much sooner
than the always conservative estimates
of medical scientists.

BUILDING BLOCKS OF GENES

SYNTHESIZE
INSULIN GENE

M

ATTACH T0O VIRAL

CHROMOSOME
VIRUS
INJECT MAMMALIAN
CELLS CONTAINING
DEFECTIVE INSULIN
GENES
MAMMALIAN

CHROMOSOME

GOOD INSULIN
GENE

Theoretically, gene therapy could be ac-
complished by replacing defective genes
with modified viruses. For example, a hu-
man insufin gene couid be synthesized and
attached to a viral chromosome. The modi-
fied virus could then be used to infect hu-
man cells that have a defective insulin gene
by integrating the good insulin gene into

‘one or more human chromosomes. The

good gene could supply the insulin that
defective cells are otherwise unable to
synthesize.

Two points should be made with regard
to gene therapy. First, it will be utilized
for treating single-gene defects. Most
of the human qualities that we attribute
to man, such as intelligence, emotions,
and physical appearance, are controlled
by many different genes in the human
chromosomes——that is, they are poly-
genic traits. It appears unlikely that
man will soon be able to alter polygenic
traits because this would require an
understanding of complex multigenic
interactions as well as the actual identi-
fication of all of the genes involved,
Thus gene therapy will be directed at
diseases that are caused by single defec-
tive genes (such as phenylketonuria
and galactosemia). Second, genetic
engineering will provide man with the
opportunity to alter either the genes in
the organs and tissues that constitute
most of his own body (somatic cells) or
those in his sex celis. In the first case
the gene correction will be confined to
the individual himself and will not be
passed on to his progeny. In the second
case, man will alter the genes to be
passed on to future generations and in
doing so will start to play an active role
in guiding, consciously or unconsci-
ously, the evolution of the human race.

In summary, medical genetics has given
(or will give) man the opportunity to
engineer his own genes, either by ex-
pansion or elimination of selected
genotypes or individuals through genetic
counseling, genetic screening, and in
vitro fertilization followed by reimplan-
tation, or by direct alteration of his
genes through gene therapy. Crifical
questions arise with regard to deter-
mining how these techniques should

be applied, who should make these
decisions, and how they should be en-
forced. These questions are, of course,
made even more pressing because they
raise issues concerning the nature and
essence of man himself, which he can
and probably will change, We are

" dealing with an intensely personal di-

lemma. How will the decisions be made?

continued on page 32
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the Engineering of Man

... continued from page 31

Why not stop research

in medical genetics?

One conceptual solution to many of
these dilemmas is to stop all genetic
research, but this appears unlikely. On
the one hand, many of these genetic
studies are important to areas of medi-
cine other than “human engineering.”
Cell fusion studies, for example, may
lead to important clues about the nature
of cancer, as may studies on the inscr-
tion of viral chromosomes into mam-
malian chromosomes. In addition,
studies in all areas of medical genetics
are being carried on everywhere. A
moratorium on genetic studies in any
one country would probably have only
a modest effect on the rate at which
these various genetic techniques are
being developed elsewhere. Accord-
ingly, any solutions to the social and
ethical dilemmas of modern genetics
must be approached from an inter-
national point of view.

Two legitimate points, however, should
be raised with regard to a consideration
of controls over genetic research. First,
society’s resources are finite and priori-
ties must be assigned for their deploy-
ment. How should we balance efforts
in biology and medicine against efforts
to eliminate poverty, pollution. urban
decay, discrimination, and poor cduca-
tton? What are the social consequences
of seducing many of our brightest
young people into spending their lives
in science while other more immediate
and possibly more serious problems go
begging? Sccond. are the biomedical
sciences justified because they arc
directed toward the “‘betterment of
mankind”? Perhaps it is time to explore
what we mean by this phrase. What
ends should these new technologies
serve? What values should guide so-
ciety’s adjustments? Man must assess
his goals, his values, and his needs,

The public’s role

It is clear that an informed and
thoughtful public should play a decisive
role in formulating these decisions. The
critical point is how to inform the lay
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public of the present and future possi-
bilities of genetics and of their social
and cthical implications. The mass
media have so far not accomplished
these ends in that their programs on
medical genetics, even when carefully
done, have focused mainly upon the
medical advances themselves and not
on the resulting social and ethical
dilemmas. Scientists and physicians
have done little better—partly out of
indifference, sometimes from the er-
roneous belief that science is too com-
plex to transmit to the public, or

At this pivotal point, our
future directions should

reflect the applied wisdom

of the many-not of a few

indeed, from the conviction that the
moral and ethical implications of
medical research should not be aired
for fear of jeopardizing the funding of
medical research itself.

Perhaps the most difficult aspect of

the social and cthical dilemmas of
modern genetics to convey to the public
is the realization that the solutions are
not single-valued; that is, different
people will arrive at different, but
equally valid, solutions to these dilem-
mas. For some families a mongoloid
child could be a devastating experience;
for others it could be inspirational. To
account for the vast spectrum of dif-
ferent value systems, legislation result-
ing from public consideration of these
matters must be appropriately flexible.
The social and ethical implications of
medical genetics are a paradigm for
those presented by rany other areas

of medical science.

Future directions

If man can develop effective processes
for dealing with the dilemmas of
medical genetics, there is hope that
these processes can provide a model

for similarly coping with new develop-
ments in other arcas of biology and
medicine.

First, the armamentarium of modern
medicine and its ability to maintain the
human organism after the loss of
varying degrecs of brain function has
raised thorny questions about euthan-
asia.

Second, B. F. Skinner, a behavioral
psychologist at Harvard, has devcloped
effective means of changing man’s be-
havior without his conscious knowledge
of what is happening. These methods

arc being employed experimentally in
some penal and mental institutes
throughout the country as well as in a
variety of institutions that deal with
ordinary individuals.

Third, effective drugs and chemicals
are being developed for altering man’s
moods. These agents are already widely
used in the treatment of certain mental
diseases.

Finally, psychosurgery involves tech-
niques which will alter certain types of
behavior, presumably in an irreversible
fashion. It has been advocated that
these techniques be used to control
socially undesirable behavior such as
violence.

Each of these developments gives rise
to a parallel set of questions. When, if
ever. should these techniques be ap-
plied? Who should decide, and how
should the decisions be enforced? In
each case these techniques can be

used for mankitd's benefit or to his
detriment. We have before us one
glaring example of man’s failure to
deal with a problem posing comparable
ethical and social dilemmas—the devel-
opment of atomic weapons. Decisions
will be made on these critical issues,
whether or not the lay public contrib-
utes in an informed and thoughtful
fashion. We stand at a pivotal point in
man’s history. Let us hope that our
future directions will reflect the ap-
plied wisdom of the many, and not of
a few. O
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. ..continued

Fiat Lux

Many scientists are concerned about
keeping the public informed of scientific
findings that affect it. One way in which
that concern has been demonstrated at
Caltech recently is with a series of open
conferences on the ethical questions of
science. These conferences have been
jointly sponsored by the Caltech Y and
the Institute. The first, “The Impact of
Genetic Engineering on Society,” was held
in May 1972. A second was held a year
later on “The Impact of Behavioral
Engineering on Society.”

With partial funding by the Norton Simon,
Inc. Foundation for Education, the third
of these conferences, “The Impact of
Modern Biological Research on the Ethics
of Society,” was held on the campus on
April 20. One of the principal speakers
was Leroy Hood, MD, associate professor
of biology, and Caltech alumnus (BS '60,
PhD ’68). “Medical Genetics and the
Engineering of Man” (page 2), by Hood

Leroy Hood

Robert Mackin

and Robert J. Mackin Jr., is in part adapted
from Hood’s talk on that occasion and in
part drawn from discussions held the
following day to consider how these

issues might be communicated to the
general public. This workshop, also spon-
sored by the Simon Foundation, was
attended by about a dozen scientists,
physicians, ethicists, and representatives
from the television industry.

Caltech alumnus Mackin (MS’51, PhD
’53), who collaborated with Hood on this
article, is also concerned about the public’s
need to know what scientists are doing.

He is manager of Caltech-JPL Medical
Sciences Laboratory Planning and of the
JPL Space Sciences Division.

Food for Thought

Caltech’s Linus Pauling, professor of
chemistry emeritus, two-time Nobel Prize
winner, and perennial generator and
explorer of ideas—from the nature of the
chemical bond, through outlawing war, to
the value of vitamins, for example—came
back to the campus recently as a guest of
the Caltech Y’s Leaders in America
program. As always, he brought out
standing-room-only crowds, One of the
largest groups turned up at Ramo Audi-
torium on April 4 for his talk on nutrition.
“Good Nutrition for the Good Life”

(page 6) is adapted from that speech.

By Request

Richard P. Feynman, who is Richard Chace
Tolman Professor of Theoretical Physics at
Caltech, was Caltech’s commencement
speaker this year—by popular demand.

The faculty convocations committee, which
arranges the Institute’s commencement
ceremony every year, had just about
decided to do away with the custom of
having a formal commencement speaker at
Caltech’s 80th Annual Commencement on
June 14, when the graduating senior class
not only begged them to change their
minds, but presented them with a list of
speakers the seniors would like them to
invite. And Feynman's name led all the
rest, (The rest, incidentally, included Elliot
Richardson, Isaac Asimov, Eric Sevareid,
and Woody Allen—a very catholic
selection.)

As Feynman began to cast about for a
subject for his talk, he decided that it would
at least have something to do with his recent
investigations into such un-scientific matters
as ESP, Esalen, astrology, and expanded
consciousness. It was at this point, of

course, that he had to produce a title for

the talk, because the commencement
program was going to press. He settled on
“Unscientific Evidence.” Not until he began
to put the actual talk together did he realize
(“like the woman who expects to have a
red-headed son and names him Rufus—then
has a black-haired daughter™) that his title
no longer fit his talk.

So, on page 10, the transcript of Feynman’s
commencement speech, “Unscientific
Evidence,” appears with a new name—
“Cargo Cult Science.”



Development and Design.

Is this the kind
of engineering for you?

Trying to figure out the exact
kind of engineering work you
should go into can be pretty
tough.

One minute you're studying
a general area like mechanical
or electrical engineering. The
next you're faced with a maze of
job functions you don’t fully un-
derstand. And that often are
called different names by differ-
ent companies.

General Electric employs

Basic/A

lied

quite a few engineers. So we
thought a series of ads explain-
ing the work they do mlght come
in handy. After all, it’s better to
understand the various job func-
tions before a job interview than
waste your interview time try-
ing to learn about them.
Basically, engineering at GE
(and many other companies) can
be divided into three areas.
Developing and designing prod-
ucts and systems. Manufac-

turing products. Selling and
servicing products.

This ad outlines the types of
work found in the Development
and Design area at GE. Other
ads in this series will cover the
two remaining areas.

We also have a handy guide
that explains all three areas. For
a free copy, just write: General
Electric, Dept. AK-1, 570 Lex-
ington Avenue, New York, New
York 10022.

for taking their designs through initial pro-

Research Eng neering

Motivated by a curiosity about nature, the
basic research engineer works toward uncov-
ering new knowledge and understanding of
physical phenomena (like the behavior of ./
magnetic materials). From this data base, 2
the applied research engineer takes basic
principles and applies them to a particular
need or problem (such as in-
creasing the energy available
from a permanent magnet).
Output is aimed at a market-
able item. Both work in
laboratories and advanced
degrees are usually reqmred

Advance Product
Engmeermg

Advance engineers bridge the gap between
science and application. Their job is to
understand the latest advances in materials,
rocesses, etc., in a product area, then use
this know]edge to think up ideas for new or
. improved products or to solve technical prob-
lems. They must also prove the technical
feasibility of their ideas through laboratory
testing and models. Requires a highly cre-
ative, analytical mind. A pioneering spirit.
And a high level of technical expertise. Out-
put is oftep.a functional model.
“Product Design Engineering
Design engineers at GE pick up where the
advance engineer leaves off. They take the
product idea and transform it into a product

design that meets given specs and can be
manufactured. Usually, they are responsible

GENERAL @D

duction to prove they can be manufactured
within cost. Requires a generalist who can
work with many experts, then put all the
pieces together to make a product. From
power plants to toasters.Output is schemat-

lif ics,drawings, performance and materials
FT specs, test instructions and results, etc.

Product Production
Engineering

Production engineers in-
terface between the
design engineer and

manufacturing people.

They interpret the product

design intent to

” #manufacturing. They

»7 maintain production

scheduling by trouble-
shooting during man-
facturing and determining deviations

specs. When necessary, they help d

adaptations of the product design to —

prove quality or lower cost without chai H

the essential product features. Requires

mate familiarity with production facilitie

Engineering Managemen

For people interested in both enginee
work and management. Engineering 1
agers plan and coordinate the work of ¢
engineers. They might oversee product d:
opment, design, production, testing or
functions in marketing and manufactu
Requires a strong technical base ga
through successful engineering work. Si
tivity to business factors such as cost an
ficiency. Plus the ability to work with pes
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