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NOTE

This piece (essentially this) was written in response to
a request of the National Council of Teachers of Mathematics
for some comments on the place of mathematics in our changing
society. Now, it is difficult to think about that topic
without thinking first about the changing — and the unchanging —
society, but once embarked on that I found it difficult to
get, in a reasonable time, to the place of mathematics in the
scheme of things. However, 1t might not strictly be necessary
to come to the point, because the beginning of the report
could scare my colleagues to death, leaving me without an
audience. This surmise was partly fulfilled, in a happy way:
the NCTM accepted the report, forgave me for not mentioning

mathematics, and urged me to try to enlarge the audience.



P-1772-RC
5-28-59
—1—

THE SMALL WORLD

J. D. Williams

The fable of the boy who cried "Wolf!" is used to teach
our young that the fate of the liar is hard. The moral is
even stronger than that, for the point is made in terms of a
practical joke and not of a mean self—-serving lie. It seems
to me that the men of the community come off too well in this
fable. You see, there really was a wolf — voracious,
thieving, and doubtless a liar to boot — of which the boy
gave clear warning. The men ignored the warning and lost
their sheep; no trivial event, if the community was as close
to bare subsistence as most communities have been.

I am about to point out some facts which form a modern
equivalent of the wolf. They are hard to see, so I may be
accused of crying "Wolf!"; but they form a sufficiently
appalling apparition, once you get them in focus. I am
willing to accept the disadvantage which comes from associating
myself’ with one of history's least successful practical jokers,
in order to challenge the reader to avoid, if he can,
imitating some of history's most futile men.

We shall see that the problems\of our age are massive.
Moreover, while the Communist movement intensifies some of

them, the problems would exist even if the Communists did not.



P-1772-RC

5-28-59
D

Thus our recent concern about Sputnik was somewhat shallow ——
as well as temporary — as we have had better cause than
Sputnik to be deeply concerned for some time. If we do not
become and remain deeply concerned, it appears that our history
book is about finished. And it is a very short book.

Many of us are now old enough to sense that the life span
of a man is short. Of course when we were children the year
seemed interminable and even the month and the week were large
intervals. Now we look on the years which separate us from
childhood as a rather small interval. Yet, if we are older
than about 36, it will probably turn out that we have lived
the major portion of our lives — a fact which is difficult
to grasp. If we grasp it well enough to wish we could move
the decimal point in three-—score—and—ten a little to the
right, then the life span of an individual is a unit of time
with personal meaning. We will take the life span to be 70
years. We will use it and other units relevant to the biology
of man as tools with which to probe about in civilization.

We observe that the recbrded history of man on earth
almost vanishes 1f we look back only 100 life-—spans. We are
conscious of owing little to life before the great days of
Athens, which was not long ago: You could receive a message
from Plato which need not have passed thrdugh the mouths of
more than 33 men. For Jesus, 28 men would do, and for
Mahomet, 19. Even these somewhat startling calculations do

not reflect adequately the explosive character of the -
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development of civilization and knowledge. You could get
word of Gutenberg through a chain of seven men, and of Newton
through four. Two life-spans ago the steam engine and the
modern lathe, keys to the industrial revolution, came into
our hands, and the internal—combustion engine came one life-
span ago. The rate of development during our lives has
become fantastic, though we tend to go blind to it. It only
took us a couple of months to become blasé about man-made
satellites. Thus most of what man knows and has accomplished
is incredibly recent. We are living quite literally in the
presence of an explosion of knowledge.

We are also living in the presence of a biological
explosion, of which we see some evidence in our suburbs. We
must do some guessing about its history. Thoughtful guessers
believe there must have been few men on earth 100 life—spans
ago, when there was little social organization or agriculture;
perhaps enough to populate one of our large cities. Starting
with, say, 10 million then, we could arrive at the number
presently on earth by doubling the population eight times:
once, say, every dozen life—spans ‘or every thousand years.
But it did not happen that way. The first doubling point
may have taken 30 to 50 life-spans, while the recent ones
are known to be close together and getting closer. The sixth
and seventh points were only two life-spans apart. The eighth
doubling point was reached in one life-span. The population

at this moment is exploding at the rate of about two—and-one-half-—
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fold per life-span, but it is still increasing. The explosion
is illustrated in the accompanying figure.

The United States is participating in the explosion. Its
indigenous population is increasing now at the rate of three—
fold, or tripling, per life—span, thanks to a medium birth rate
and a low death rate. However, we have averaged fourfold for
some time when immigration is included — actually sixteenfold
in two life-—spans. Most of the groups in the world have birth
rates which will put them in the fourfold to sevenfold class
if their death rates are reduced substantially — which can be
done quickly: for example, Ceylon's death rate was cut almost
in half in seven years simply through the use of DDT, and its
population is now growing at the rate of fivefold per life—span.
The limit of the explosion rate 1s supposed to be about
sevenfold per life—span, when not seriously impeded by food
shortages, pestilence, social taboos, etc. — realizable, for
instance, when each woman bears four children (two daughters)
by age 25.

If our estimates throughout had dealt only with people
who have lived to be adults, the explosion rates would be
enhanced — and it would be evident that the adults now alive
constitute a noticeable fraction of all who have ever lived
on this earth. Even so, we should look on ourselves as the
forerunners of mankind, for the great mass of men are just

now arriving. And they really are arriving: The net increase

in humanity during the 9-month gestation period which ended
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The equal parts into which the area under the curve is divided
indicate that something like one-sixth of all man-years lived
during the last 100 life—spans have occurred during the most
recent life-—span. Since the curve is mildly speculative, one
should not be too literal about the six parts — it suffices
to know that the number of parts is small.
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today would populate the cities of New York, Chicago, and
Philadelphia, plus Los Angeles, Detroit, and Baltimore, plus
Cleveland, Saint Louis, and Washington, plus Boston,

San Francisco, and Pittsburgh, plus Milwaukee, Houston, and
Buffalo, plus at least any other American city you choose.
If you choose New Orleans, the list comprises our sixteen
largest cities. Such a mob is noticeable, for it is large
enough literally to Jjoin hands around the earth. It is also
notably hungry, brutal, and powerful — and these attributes
are likely to become more noticeable.

Of course, it is physically impossible for the population
explosion to continue at this rate very much longer. Either
the births will be reduced, or the dying will be expedited,
or both. The alternatives available are few, and not all easy
and pleasant. For instance, births may or may not be reduced
by birth control; a difficult measure, and those who cheat may
gain an advantage. On the other hand, the dying may or may
not be increased by natural disasters and pestilence; but
these are already low—confidence events and becoming more so.
War is becoming an efficient kxiller; it may solve the
population problem, but we hope it doesn't. But if the growth
of population is not stopped by some of these means, it will
certainly be stopped by famine. To understand that this
really is certain, note that in less than a dozen life—spans
(perhaps in as few as six) there would be 50,000 men for each

one now alive. This works out to one sguare yard of land —
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counting in the mountains, deserts, and ice caps — for each
person. If a hypothetical citizen of a so—crowded world were
lucky enough to have an arable piece, he might grow enough
food annually to sustain his body for an hour or so. If he
wished to live continuously, he would just have to take title
to an acre, which would involve eliminating about 5,000 of
his neighbors.

The present attainments of the men of the planet are
remarkably varied. Some have only domesticated the dog,
while others can at least equal our most recent achievements.
The men are, however, remarkably nimble in this matter. It
is perfectly feasible for a somewhat primitive group to advance
as much during one life-span as the leaders of mankind did in
ten, because it is not necessary for the rising group (or
individual) to repeat the steps of the leaders. For instance,
every child is now handed the powerful, modern symbolism of
arithmetic, which the race took millenia to develop — a
handful of life-spans ago, only superior minds could cope with
problems of long division, because of poor symbolism. Again,
a group which now wishes to develop electronic capabilities
may exploit immediately recent developments in solid-state
physics, bypassing the intricate — and obsolescent — vacuum—
tube technology. The fact is that there are several large
groups on the planet now which have the vitality to surge
beyond us during the next life-—span, and which almost certainly

will do so if most of our people seek solely to enjoy the
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status quo.

The men of the planet are remarkably fierce. As an
unadorned guess, the headhunters still outnumber the high-—
fidelity music fans. The peasant, say of Asia, Africa, or
South America, has an attitude toward human life which would
appall us. The advanced and powerful nations of the earth
have within our life—span demonstrated that their capacities
for cruelty and horror are the equal of anything in history.
This 1is not astonishing if you keep in mind that history is
not some vague, indefinite period, but one you could span by
a chain of men small enough to invite for cocktails. At such
a party witnesses of the fate of Carthage, Herod's massacre
of babies, and the Inquisition could trade anecdotes, without
social shock, with those acquainted with the German gas
chambers, the Russian slave camps, the practices in the
Spanish civil war, and those of the Japanese during their
conquests. For that matter, within the confines of our own
guiet society, we take the precaution to make perhaps one in
each hundred able—bodied males a policeman. It is an
unpleasant fact that our hoodlum is not far from the present
norm among men — in manners, morals, values, and goals.

In view of this, if some new group surges into the lead,
it will not be astonishing if it happens to obliterate us in
the process. The quality of mercy is apparently an acquired,
and still somewhat unstable, taste.

Intellectuals, who have attended to it, have maintained
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for some time that the earth is round. HEratosthenes, some

32 life—spans ago, knew now to calculate its size and did so
very well. Most men nave believed it to be flat — and could
probably carry the point today on an earthwide plebiscite.
The flat—eartners have deserved their successes because for
practical purposes it has been flat until now. Men have
generally lived and died in a small number of fixed groups

in fixed places. Thelr principal contact with the rest of the
world has been in the form of friction with the few groups in
their immediate neighborhood — neighborhood defined as the
territory the men had the fortitude to course in search of
friction. ALl this can be done just as well on a flat earth
as on any other kind.

As technical capabilities developed, some groups were
able to extend this friction to such distances that the global
properties of the earth became noticeable, though still not
important. Genghis Khan extended it mightily 11 life-—spans
ago when his ponies carried the horde more than a quarter of
the way round the earth — at which point, fortunately, it
was recalled for urgent business: a Management Committee
meeting, 1t is sald. The time for conquest then was often
measured in years. For the last six life-spans seafaring
nations have sent war parties almost everywhere at will,
exploring a somewhat empty world. The time for conquest was
often measured in months, but, with the advent of the steam

engine, the week became important. Within our life-span the



internal-combustion engine was combined with the air as a

medium of travel and the time for conguest shrank again.

The day became a significant unit and the global properties

of our world began to have important consequences. We had

little time to adjust to them, however, before the time scale

shrank a lot closer to its ultimate limit — now. The global

properties of the earth are suddenly of profound importance.
Since we found the life—span useful in discussing long (1)

periods, let us try the breath—of-life as a unit for short

ones. It is a literal fact that, from now until eternity -—

which can be tomorrow -— no man on earth will ever be able to

guarantee that he can breathe one thousand times before he

dies by homicide. There is one limiting case which is

exceptional: The statement would be false if there were only

one man on earth, and perhaps 1f there were only one society.
Now, a thousand breaths isn't very many — less than an hour

of breathing — and thils applies only if one's destruction is

set in train by the most distant man on earth, for it corresponds

to the flight-time of a ballistic missile for a range of 12,500

miles. It is harder to build one which would take longer, so

we should not expect a lucky extension on the thousand breaths.

It is also harder to build a quicker weapon — for it would

have to be sophisticated enough not to leave the earth forever —

but this one will of course be built. If man lives long enough

to develop weapons which do not require the transport of mass,

he may eventually manage to get klilled from afar in a truly
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breathless fashion — in like a hundredth of a breath. However,
the 1000-breath weapon is as far as it has gone at the moment
and if we figure how to live with it the solution may subsume
the breathless case. If we fail we can leave the latter to

some other race (of men?).

Perhaps the most significant properties of life on a
globe, as opposed to life on a limitless flat world, stem from
the facts that its surface is limited and danger may come from
any quarter. In our case these properties are enhanced by
the circumstance that our particular globe is small — that
is, the danger is swift. It is difficult to grasp that this
is really so. It may help us to grasp it if we consider a
model which has some of the properties difficult to perceive
in the actual world:

The realm in which man now lives is, in important respects,
equivalent to a padded cell, 25 feet on a side. It is three—
guarters flooded; the floor is irregular so there is some high
dry ground. The walls and celling have the property that a
missile may rebound in any direction — they are padded, say,
with rubber hemispheres. The scale of the tableau is such
that our man (the American) enjoys ownership of a choice
six~by-two—foot island — comfortable to live on, large enough
to be buried on, and with no wall to guard his back.

Our man is one of 16 occupants — all armed in one way or
another; mostly with knives, say, though several have hand

grenades and all aspire to this state. His companions could



P-1772-RC
5--28-59
]2

be characterized, briefly, as a very mixed lot. He doesn't
know them very well, and it isn't clear that better knowledge
would make him fond of them. Actually, he is scarcely aware
of them. He has about half the food and other goodies which
exist in the cell and he has eyes mostly for these. His
behavior is explainable, but the explanation 1s not comforting,
since his behavior parallels that of an idiot: Part of his
heritage is a belief in geographic isolation, based on a life—
span or two of good fortune in this matter, before the age of
grenades. This is fortified by his personal conditioning:
Almost every day of his 1life has been spent in an apparently
benign world containing no visible threats — and he is
confident that the same will be true tomorrow, and again the
day after, and so on. But it is evident that his geographic
isolation, after a term as a qualified fact, has vanished.
This 1s not a matter of opinion or something his congressman
might fix -— it has Jjust gone.

The other men don't have so much to occupy their attention.
Five of them have the bulk of the remaining half of the goods
and ten are incredibly poor and hungry. On the subject of food:
the men know, in principle, how to increase the supply to a
point where none of the 16 need suffer from lack of plain food,
though provisioned still far short of the bounds of avarice.
There are practical difficulties about achieving this increase:
The general atmosphere does not favor cooperative enterprise;

there is the distribution problem; there is the fact that the
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number of men in the cell one life~span hence is likely to be
in the 40 to 60 range, and no one has a clue as to how to get
food for a crowd of that size. The problem is difficult and
working on it formally is not the most popular outlet for
energy in the cell.

The title to most popular activity is held by a club,
now numbering some six or seven full members, dedicated to
take over the cell — this much was inevitable a priori.
Unfortunately the elimination of our American is the favorite
objective in the clubt's charter, and members are required to
forswear allegiance (if any) to the Marquis of Queensbury.
Our man has noticed this. It has spurred him into a mild
club—like activity of his own. His is a less formal, part—
time affair, involving a few of his more affluent companions.
It is sort of the inverse of the other club, as its principal
objective 1s to nullify the activities of that club. It
isn't so ambitious as to seek vigorously to undo the past
successes of the other. Rather, it seeks to maintain the

status quo. This is obviously difficult, because 1t always

requires the invention, instantaneously, of an inverse
operation which will nullify any particular freely—chosen
move of the other club. Our man's mores, incidentally, stem
from the Marquis of Queensbury, a fact which places constraints
on his inventions.

The people of the earth in general, and of the United

States in particular, are not aware of this 25-foot cell.
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They take it for granted that they are living on a flat earth
of indefinite extent. It is difficult to see what, short of
a cataclysm, will make them aware of it. Mere availability
of information seems to have little bearing on its absorption:
If it does not correlate well with our personal experience,

we tend to treat it as fiction.

0

The prospect looking inward at our society 1is much more
pleasant than the view outward. We do have problems which are
difficult and grave. Indeed, we may founder on them. But we
also have many agreeable assets which, properly enough, we tend
to enjoy. The hazards to life, liberty, and property are
relatively low. The society is rich in choices for the
individual. It is also rich in its physical environment. It
is remarkably rich in its organization of men and machines for
the creation of various forms of wealth. The last, a vast and
intricate system, has developed seemingly spontaneously and
operates automatically most of the time — and fortunately so,
for it is not clear that we understand it well enough to fix
it or to run it consciously. However, since there is no guarantee
that it will continue to run well indefinitely, 1t seems we
should persist in our efforts to understand it. Our economists
feel they have important clues.

There are today many things which may rank with — or

outrank — the steam engine and the lathe as key elements in
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the story of human technological development. Synthetic
materials may have this importance. The nuclear chain reaction
certainly does. Thanks to the confluence of the explosion of
knowledge, our advanced technical position, and our wealth,
we are in a position to develop and exploit many of these keys.
Unfortunately we probably cannot proliferate them indefinitely
without exercising at the same time a little judgment and
wisdom with regard to the consequences. The nuclear chain
reaction in a world of political anarchy will doubtless always
be the textbook example. But it will be hard to improve upon
the case of the general-purpose antibiotics in the presence
of a biological explosion. On the other hand, we should stop
taking it for granted that our physical environment is, in the
large, reliabkle. For example, it is probably time to stop
talking about the weather and, instead, attend to it. Recent
evidence suggests that the next ice age may be about to close
in.
We should like to direct your attention, more or less

as an example, to certain other recent events which have much

significance:
One is the advent of the feedback loop — the servo—
mechanism — built largely of cheap, reliable electronic parts.

This permits a machine to engage, in a limited way, in self-—
criticism; to examine its own work and to make small changes
to improve the output. The significant feature 1is that

machines may now become somewhat sophisticated at a moderate
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increase in cost, whereas heretofore sophisticated machine
behavior has been very costly. As a consequence it is feasible
to have machines, for instance, to do that large group of tasks
repeated ten thousand times, which heretofore were feasible
only for tasks repeated a million times.

We had scarcely begun to exploit this device when the
next stage appeared: the machine, predominantly electronic,
designed to compute. This already reaches speeds of tens—of-
thousands of operations per second with high reliability, and
may carry within its memory the instructions nseded for an
almost endlessly long and complex sequence of operations.
This machine can be used to govern the behavior of another
machine. Now rather than use a costly special-purpose machine
to do some part of a manufacturing process, one may use a more
versatile machine controlled by a computer to do more of it.
And, by changing the instructions in the computer, one may use
the machine tomorrow to make a different product. The machine
can perform elaborate operations as well as simple ones, and
it is feasible to use it for quite short production runs —
in fact, even to construct prototypes. Thus the impetus toward
mechanization is suddenly ferocious. This offers us another
complex and challenging set of problems; dangerous if mismanaged,
but with tantalizing potentialities.

The concept of a sort of economic paradise—on—earth may
not be completely an idle dream, for it is easy to imagine

that we can reach a stage where any given set of goods within
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our resource limits, from food to H-—bombs, may be created with
ease; perhaps from the efforts of a fraction of our labor force,
or perhaps by having our labor force work for a fraction of

the time. But there are difficulties on both paths.

For instance, in order to go in the direction of the
fractional labor force, we must discover how to provide goods
for those who do not toil — those who perhaps devote their
lives to hedonistic pursuits, such as chewing food, lifting
weights, watching color patterns, and the like. But to go very
far in the direction of the fractional-time labor force, we
must as a people achieve a new level of intellectual competence;
for the balance between manual and intellectual workers in a
predominantly automated economy would doubtless be very
different from the present balance. Yet we have recently
placed most of our school system in the hands of people
preoccupied with physical culture, togetherness, and
intellectually trivial curricula. Of course a glance at the
world outside our society is enough to suggest that either
path may lead just to a fool's paradise, short-lived.

We have mentioned only the technical and economic
feasibility of automation, from which one would infer that
explosive development is at hand. Undoubtedly this development
will encounter massive inertia from the vested interests of
labor and capital, which will slow the reaction, though not

stop it. It may in fact seem a desirable thing that it be
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made to proceed slowly, to reduce the pains of adaptation.

But this course has its own peculiar dangers. For instance,
more primitive populations, less cumbered by vested interests

of these kinds, may let the explosion run free and soon
outdistance us technologically. That this would drive us out

of the world's markets could be the least consequential effect.
It could also turn from us those men who now think it well to
stand with us because we are technologically strong. It would
almost certainly sooner or later result in our being overwhelmed
by a technologically superior foe.

Incidentally, note that we have refrained from calling
automation the final stage of this explosion. You see, the
theory of machines which can reproduce themselves 1is alreédy
partially in hand — as well as machines which can themselves

evolve new kinds of machines.

EPILOGUE

This brief survey of certain striking features of our
times, external and internal to our society, emphasizes the
fact that we have a lot of thinking to do and not much time
for it. It appears that we will need to make important,
difficult, and sometimes unpalatable decisions and choices;
and that it would be wise to make them deliberately while
there are real alternatives, rather than by default when
there are none. Otherwise it is likely that our history
book will close — possibly, but not necessarily, with a

bang. And, as we have seen, it is a very short book.
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The prospects for just bumbling through to something
which looks like success are not very good. Ancient Rome
looked pretty good for about 10 life—spans, but the pace of
1ife has quickened since those days. Most things can now
change significantly in a tenth of a life-span. For instance,
the United States was, between one— and two-tenths of a life-—
span ago, the most powerful nation in the history of man,
both absolutely and relatively. Its relative power is now
50 diminished that it is not clear to what extent its future
1s in its own hands. And this despite our conscious desire
not to bumble, and much effort toward specific technical
improvements in our strength and posture, and in the day-to-day
amelioration of crises, etc.

The fact that the situation has deteriorated is not
necessarily a reflection on the magnitude and quality of
these devoted efforts, any more than it is a reflection on the
doctor when the patient worsens, or even dies. The analogy
between persons, on the one hand, and nations and civilizations,
on the other, is uncomfortable, for it is evident that the
last battles of neither have ever been won. It is the fate of
the doctor that the patient always dies; he may fight a
brilliant delaying action and provide some comfort, but he
does not win the last battle. Of course we may be in danger
of imputing to these things an immutable characteristic which
does not exist: That each must die, whereas the most we are

in a position to prove is that each has a tendency toward
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death. It is conceivable that neither need die; that there
are combinations of control of environment and rates of
adaptation which would permit persons and civilizations to
live as long as they please. It would be interesting to know,
on behalf of exemplary individuals of either set.

I doubt that the effort devoted to major problems of
civilization is adequate or sensible. The doctors who are
attending to the health of our civilization in particular
seem to be too relaxed, and remarkably cheerful. Is this
ignorance? or technique (bedside-manner department)? or is
it possible that they are already using drugs to make it easy
for us? We do have a feeling of euphoria which 1is scarcely
compatible with the visible structure of the problems we face.
If we believe that our civilization is worth perpetuating, we
had better keep our wits about us for a while yet.

Since these observations were conceived originally as a
preamble to a report addressed to teachers, it may be of
interest to include here the general implications we draw
for our school system:

It is compatible with the natures of some of us to
presume, as an act of faith, that the great — 1in some cases
unique — problems of our age can be resolved by intellectual
effort, followed by rational behavior. It is not necessarily
so, that they can be solved; and if they can be, it is not
necessarily likely that they will be solved in this manner —

for instance, it is also compatible with our natures to
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respond to the irrational zealot, who may lead us where he
chooses. However, granted that we wish to proceed thoughtfully,
it happens that we do not know in detail what the problems

are, or what they will be, nor do we know how they may be
solved. This reflects some lack of application of what we

know, some unnecessary ignorance, and — very importantly —
the fundamental uncertainties about the future. How, then,

can we prepare our children to meet them? We do not know,
precisely.

It would clearly be a good idea to teach them as much
of the accumulated lore and wisdom of the race as they can
absorb and, since that almost surely will not be enough, to
spare no effort to encourage creativity. Unfortunately, due
to the present extent of the explosion of knowledge and to the
inherent limitations of individuals, it is not feasible to
teach each child everything we know, so a selection must be
made. It seems sensible to teach every child capable of
understanding it that general lore which may be valuable in
many situations and roles, though not presently within the
child's interest or intent, nor within ours. And since minor
skills will play less and less important roles, yet be in
long supply, we should not waste time on them. Particularly
we should not waste time on trivia, except as it may be needed
for change of pace and recreation.

It is very likely that the balance between muscular and

intellectual tasks will shift significantly, toward the latter,
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during the occupational life of the individual. Thus if the
child is not strongly developed and trained intellectually,
his ability to contribute to the needs of his society will be
greatly reduced, and his ability to support himself will be
compromised.

No child should be trained in high school as a good
mechanic if it is feasible to qualify him in college as a
good engineer. And he should not aim for a terminal
baccalaureate in engineering if he is a likely candidate for
a Ph.D. in physics. These value judgments are based on the
criterion of the general versus the particular, the abstract
versus the concrete — and of excellence versus mediocrity.
The criterion is of no value in choosing, for instance, among
physics, philosophy, and poetry. Here the natural bent of the
child should be exploited to the full wherever it leads, as
it isn't obvious whether the scientist, the philosopher, or
the poet will make the greater contribution to the age. For
while we have stressed the presence of physical problems —
and hence the need for scientists — it 1s evident that grave
moral and philosophical issues lie at the roots of some
problems. It is clear that we should re—examine our system
of values, to be sure that all the ideas conceived for a
small pastoral society in a large world are suitable — indeed
moral — for a large technical society in a small world. And

the poet may prevail where reason alone cannot.



