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Insleht: -Elementg.

In the midst of that vast and profound stirring
of human minds, which we name the Renslssance, Descartes was
convinced that too many people felt it beneath them to direct
their efforts to apparently trifling problems, Agalin and again,
in his Régnlae 'ed Girectionem ingenii, he reverts to this theme.
intellectual mastery of methematlcs, of the cepartments of sclience,
of vphilosophy, is the sfenlsleteumudetets Fruit of a siow and
steady accumulstion of 1ittle insisghts. Great problems are
solved by being broken down into little problems. The sitrokes
of genius sre bubt the outcome of & continuous habit of inquiry
that grasps clearly and distinetly all that is inveolved in mmsr
the simple things thet anyone can undersiand. ‘

I thought it well to begin by recalling this
conviction of a famous mathematician and philoscpher Tor our
Tirst task will be to attain femilisrity with & whet is meant
by insight and the only way to achieve this end is, it seens,
to attend very closely to a2 series of instances all of which
are rather remarkable for their banality.
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len Our first lllustrative instence of iInsight will
be the story of Archimedes rushing naked from the baths of
- Syracuse with the cryptic cry, Eureka! Xing Hiero, 1t seems,
had had a votiwe crown fashioned by a smlth of rare skill and
doubtful honesty. He vished to know whether or not baser metals
hed been added to the gold. Archimedes was set the problem
and in the bath had hit upon the sclution. Weigh the crown in
water! Implicit in this directive were the principles of
displacement and of specific gravity.

. with trose principles of hydrostatics we are not
directly concerned., For our objlective is an insight inte insight.
Archimedes had his Insight by thinking about the crown; we shall
heve ours by thinking about Archimedes. Vhat ve hrve o grasp
is that insight 1) comes 28 2 release to the tension of .inguiry,
2) comes suddenly and umexpectedly, 3) is a function not of outer
circumstance but inner conditions, 4) plvots between the concretse
and the abstract, and 8) passes into the hahitual texzture of
one's mind. '

"First, then, insizght comes as a release to the
tension of incuiry. This feature 1s dramatized in the stomy
by Archimedes' pecullarly uninhibited exultstion. RBekdddts
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But the point I would meske Jdoes not lie in this outburst of
delight but in the antecedent desire and effort that it betrays.
For 1f the typical scientist's satisfactlon in success is more
sedate, his earnestness in incuiry can stlll exceed that of
Arechimedes, Deep within us all, emergent when them nolise of
other appetites is stilled, there is a drive to know, to under-
stand, to see why, to discover the reasson, to find the cause,

to explain., Just what is wanted, hes many nemes, In what
precisely it consists, is a matter of dispute. But the Tact

of inquiry is beyond all doubt, It csn absorb a man. If can
keep him for hours, day after day, year after vyear, in the

narrow prison of his study or his leboratory. It czn send him

on dangerous voyages of exploration. It c¢an withdraw him

from oth.r inberests, other pursvits, other pleasures, other
achievements, It can f£ill his weking thoughts, hide from him
the world of awsry ordinary affairs, invade the very fabric of
his dreams. It can demand endlegs sacrifices thsl zre made without
roegret though tliexre is only the hope, never a certain promiss,

of success. What better symbol could one find for this obscure,
exigent5 imperious drive than a man, naked, running, excltedly
crying "Itve got it." '

Secondly, insicht comes suddenly and unexpeciedly.
It did not occur when Archimedes was in the mood and posture
that a sculptor would select to vocrtrey "The Thinker.” It came
in a flash, on a trivaal occasion, in a2 moment of relaxatlon.
Once more there is drametized a universal asrtect of insight.,
For it is reached, in the last analysis, noft by learning rules,
not by following precepts, not by studying any methodology.
Discovery 1is a new beginning. It is the origin of new rules
thaet supplement or even supplant the old. Genins ls creative,
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It is genius precisely because 1t disrepgards established routines,
because it orgginstes the novelties that will be the routines of
the fubture. Were there rules for discovery, then discoveries
would Dbe mere concluslons. Were there precepts for genius,

then men of genius would be hacks., Indsed, what is true of
dizeovery, alko holds for the transmission of discoveries by
teaching. For a Teacher cannot unﬂertake to malke a pupil under-—
atand. All he cen do ig mresent the s=nsible elements in the
issue in a surgestlve order and with a proper cdlstribution of
emphasis. It is up to the puplls themselves to reach understanding,
and they do so with varying meassures of ease and raplildiby. Some
get tie point before the teacher can finish his exposition.

Others just manage to keep pace with him., Others see the light
only when they co over the metter by themselves. Some Finally
never catch on at all; for w a while they follow the classes but,
soonor or later, they drop by the way.

Thirdly, insight is o function not of outer
circumstances but of inner conditions. Many freguented the
baths of Syracuse without coming to zresp the principles of
hydrostatics. But who hathed theme without feﬂllng the water
or withiut finding it hot or cold or tepid? There is, then,
a strange difference between insight and sensation. Uhless one
is deaf, oze cannot avoid hearing. Unless one is blind, one
has only G0 open one's eyes to see., The occurrence and the
content ¢of sensation stand in some Ilmmediznte correletlon with
outer gircumstance. Bubt with insight internal conditions are
paramount. Thus, insighlt depends upon native endowment&so,khzky
with falr asccurascy, one can say that insight is the act thatb
ocecurs freguently in the intellirent and rerely in the stupid.
Agein, insight depends upon a hebitual orisntation, upon a perpetual
alertness ever asking the little question, ¥Why? Finally, insight
depends on the aceurate presentation of definite problems. Had
Hiero not put his problem %o Archimedes, had Archimedes not

. thought emrnestly, perhaps desperately,® upon it, the baths of

Syracuse mizkk would hove been no more famous than any otherse.

- Fourthly, insight pivots between the concrete and
the abstract. - Archimedes' problem was concrete. IHe had to settle
whether a particular crown was made of pure rold. Archimedes
selutlion was concrete. It wes to welgh the crown in water.

Yet if we ask what XX was the point to that procedure, we have
to have recourse to the abstract formulations of the principles
of displacement and of specific gravity., Without that point,
weighing uhe crown in water wodld be mere mm eccentrlclty.
minor hlSLO?iCal aetails of no sc¢ept1flc importance. Once moye
the story dramatizes e universal sapect of insight, Foxr if
ingights arise from concrete problems, if they reveal thelr value
in conerelte applications, none the less they posses=s a signie-
flcance greater than thelr orligins and a relevance wider than
thelr original applicetions. Because Nshey arise - ith reference
to the conc: ete, geomeuers use o;ﬂgrams, mgthem&tchans 1nvcnt

ferd
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SV“bOlS, ueachers need oleck~goards, nu@ils haeve to rerform
experiments for themselves, doctors have to see their patients,




Hau—hba.a.u - A e TS L L D

It 1s genius precisely because it disregards gvary established
‘routine, because 1t originates the routines of the fut




Arimdaiie g L LEMenTs : 4

trouble-shooters have to travel to the spot, people with =
mechanlical bent take things apart to see how they work,

But because the significance and relevance of insight goes

beyond any concrete problem or application, men formulate
absvract sclences with thelir numbers and symbols, their technical
terms and formulae, their definitions, postulates, and deductions,
Thus, by its very nature, insight is the mediator, the hinge, the
pivots, It is iInsight intoe the concrete world of sense and
Imogination. Yet what is kmown by insirht, what insight adds

to senslble and lmsgined presentations, finds its adequate
expresslion only in the abstraet and recondite formulations of

the sclences.

Pifthly, insipght passes into the habitual tex cbure
of one's mind., Before Archimedes kzd could solve his problem,
he needsd an instant of inspiration. But he nseded no further
inspiration when he vient to offer the king his sclution. Once
one has understood, one has erossed a divide. UWhat a moment
ago was an lnsoluble problem, now becomes incredibly simple and
obvious. Moreover, it tends to remain simple and obvious.
However laboriouvs the first occurrence of an insisht may be,
subseguent repetitions occur almost at will, This, too, is
a universal characteristic of Insight and, indesd, it constitutes
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tbe possxbillty of learning. For we can learn lnasmuch as we
can add insight to insight, inesmuch as the new does noct extrude
the 0ld but complements and combines with it, Inverssly, lnasmuch
as the subjsct steubiewt to be learnt involves the acgulisition of
a whole series of insights, the process of learning is marked

by an initial perilod of darkness in which one growes sbout
insecurely, in which one cannot see where one is Zoing, in which
one cannob grasp what g1l the fuss ig sboubt; and only sradually,
ag one begins to cabtch on, Jdoes the iniftial darkness yield to as
subsequent period xm of increasing light, confidence, interest,
absorptlion. Then, the infinitesimal calculus or theorstical
phy81cs or tﬂe issues of phllo ophy cease to be Lhe quterious

. find ,zmess Teredible upl
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and foggy rualms they had seemsd. Imperceptibly we shift from

the helpless Infaney of the beginner to the modest self-confidence
of the advanced student., Eventuslly we become capable of taking
over the teacher!s role and complaining of the remarkable obtusenes
of pupils that faill to see what, of course, is perfectly simple
-and obviousg to those that understand. '
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2.%' As every school-boy knows, & circle is a locus

of eoplanar points equidistant from a center. What every school-
boy does not know is the difference between repeating that
definition, as a parrot might, and uttering it intelligently.

S0, with a sidelong bow to Descartes! inslstence on the importance
of understending very simple things, let us inguire into the

genesis of the definition of the circle.

s
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ui// L ﬂﬁ;ﬁk a question? Why 1s 3t roynd? N i;ﬁg;ecisely,
e out of ¢ siderdtioq} Uch émirinmsic grounds of Lhe wheel's
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7 Limit tHe guestlon. Ofie mighbt-explat the Toundness”
£ ¢ wheel by appealing to its miker; shs mhmeXwrighk because
hé/whegiﬁright,p%ogeeded in guth apd’suiafa“fashibn, his product
ad Lo be of ﬁ?h 8 kind., Agfain, one migh planafion in
FingtS the wheelwrighit's
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2./ ?ltfggf- Imagine a cart-wheel with its bulky hub, its
stout spokes, its solid rim.

Ask a question. Why 1s it round?

Limit the question., What 1s wanted is t he Immanent
ground of the poundness of the wheel. Hence a correct answer
will not introduce new dalta such as carts, carting, tTransportstion,
or wheelwrights, or their tools. It will appesl simply to the
wheel.
' Consider a suggestion, The wheel 1s rougd because
its spokes are eguazl., Clearly, that will not do. The spokes
could be equal yet sink unecually into the hub and rim. Again,
the »im could be flat between successive snokes.

Still, we have a clue. Let the hub decrease to
a point; let the rim and spokes thin out into lines; then, if
there were an infinity of spokes and all were exactly equal,
the rim would have to be perfectly round; inversely, were any of
the spokes unequal, the rim could not avoid bumps or dents.
Hence, we can say that the wheel necessarily is round, inssmuch
as the distance from the center of the hub to the outside of
the rim is always the same.

Powever; THIS Drirgrs—ans—oisSE-orrongir—teo—5he
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A number of observations are now in order., The
foregoing brings us close esnough to the definition of the clircle.
Batourpurpeseds et bonatiain tuadebbinby The - Tirt ke
But our purpose ls to attain insight, not Into the circle, butb
into the act illustrated by insight into the circle.

)
N ki n o =

The first observation, then, is that pointszxkimaxy
and lines cannot be imsgined. One can imsrine an extremely small
dot. But no matter how small a2 dot may be, still it has magnitude.
To reach a point, all magnitude must vanish, and with a21) magnitude
there vanishes the dot as well, One can imepgine an extremely
fine thread. Bubt no matter how fine a Thread may be, still it
has breadth and depth as well as length, Remove from the Image
2ll breadth and depth, and there vanishes all length as well.
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a4 71_5_@‘:_&'1‘_15' The second ohservstion is that points and lines
are concepts. - : _ -
Just as imagination is the pleyground of our
degires and our fears, so ¥¥¥rewdn conception is the playground
of our Iintelligence. Just as imuglnation can creabe ohjects
never seen nor heard nor felt, so too conception can creste
objects that cannot even be imagined. Bow? By suprosing.
The imarined dot has megnitude as well as position, but the
' geometer says, Let us suppose it has only position, The imagined
line has breadth as well as length, but the ceometer says, Let us
suppose it has only length. _ : '
3tilil, there is method in this madness., Our
imeges and espe01ally our dreams seem very random affeirs, yet
psychologists offer to explain them, Similsrly, the suppositions
underlying concepts moy appear very fanciful, vet bthey too can
be explained. Why did we redguire the hub to decrease to a point
and the spokes and rim to mere lines? Becoute we had g clue -~
the equality of the spokes -- znd we Were pushing It forait was
worth., As long as the hub had any magnitude, the spolkes could
sink into it unequelly. As long as the spokes had any thiekness,
the wheel could be flat st their ends. 80 we supposed a point
without magnitude end lines without thiclmess to obitain a curve
that would be pesrfectly, necessarily round,

Note, then, two properties of concepts. In the
firast place they are constituted by the mere zctivity of suprosing,
thinking, considering, formulsting, defining. They may or may
not be more than that. But if they are more, then they are not
merely conceptsg, And 1f they are no more than supposed or
consldered or thought aboubt, still that is enough to constitute
them as concepts. In the second place, concepts do not occur
at random; they emerge in thirking, supposing, considering,
defining, formulating; end thet menvensmed azctivity occurs, not
at random, but in conjunection with an act of insight.

15 .T.I“-_}_”_“'L The tiird ObSeI‘V'l'C].OIl is that the imase is
necessary for the insight,

Points and lines cnnnot he imagined. Bub nelther
can necessity or Impossibility be Imagined. Yet In approaching
the definition of the circle there occurred some apprehension
of necessity and of Impossibility. As we remerked, if all the
r2Gili are ecual, the cuvve must be perfectly round; and if any
radil are unequal, the curve cannot avoid bumps or denbs,.

' Further, the necessity in dquestion was not
necessity in reneral bub a neacessity of roundness res:lting from
these equal radii. Simllerly, the impossibility in question was
not dmpossibility in the abstract but an impossibility of vexntoass
roundness resulting from these unequal radii, Eliminate the
image of the center, the radii, th. curve, snd by the same stroke
Tlhere vanlshes all grasp of neceasary or of imposslble roundness,

But it is trat grasp that constitutes the insighb.
It is the occcurrence of thabt grasp that maskes the difference
between repeating the definition of a c¢circle, as a parrot might,
and uttering 1% intelligently, uttering it with the ability to
make up a new definition for oneself,.

It folliows thet the Image 1s necessary for the
insight. Inversely, it follows that the ingisht is the act of
cabehing on to a conneetion between imagzined ecual radil and,
on the oth. r hand, a curve thst is bound to lock rerfectly round.
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'2471¢Qm7fm. The Courth observatlon adverts to the guestion.
There ls the gusstion 2s expressed in words.
Why is the wheel rownd?
Behind the words there may be conceptual acts
of meaning, such as "wheel¥, "round," etc.
Beriind tpese_concepts there meF he insizghts
in which one grasps how to use such words as "wheel," "round," etc.
Bub what we are tryling to set at, is something
different. Where does the "Thy?" come from? that Goes it
reveal or represent? Alresdy we had occesslion to speak of the
psychologlcal tension that had 1ts relesse in the joy of discovery.
It is that tension, that drive, that desire to undsrstand, that '
constitutes the primordisl "Why?" Name it what you pleasa, :
alertness of mind, intellectual curiosity, the spirit of inguiry,
active intelligence, the drive to kmow., TUnder any neme it
remains the same and 1s, I trust, very famillar to you. Buk
This primordial drive, then, is the pure question.
It is prior to eny insights, any concepts, any words, for
insights, concepts, words have to do with answers; and before we
lool for answers, we want them; such wenting 1s the pure question,
On the other hand, though the pure csuestion is
prior to insightsy concepts, and words, it presupposes experiences
and images. Just ss insight Is into the concretely given or
Imagined, so the pure question is about the congcretely given
or imegined. It 1is the wonder, which Aristotle clalmed to be
the beginning of all scilence and philosophy, But no one just
wonders. We wonder about something.

124 g&ﬁ&ﬁ?" A Fifth observation distinguishes moments in the
genesls of a definition.

When an animal has nothing to .do, 1t gees to sleep.
When g man has nothing to do, he mey ask questions, The first
moment is ¥ie,awakening to one's intelligence. It is relsase
from the dominance of biolegical drive and from the routines of
everyday living. It is the effectlve emersence of wonder, of
the desire to undersitand. _

The second moment is the hint, the suggestion,
the clue. Inslight has begun. We have got ho2d of something.
There is a change that we are on the right track, ILet!s see.

The third moment 1s the process Imagination
hag been released from other cares, Tt is free to cooperate
with Intellectuzl effort, and its cocoperation zmmExpxraklalX
consists in endeavoring to run parallel to intellirent suppositions
while, at the same time, restraining supposition within some
1imits of approximation to the imesinsble fleld.

The fourth moment is achievement. By their
cooperation, by successive adjustments, guestion and insight,
lmage and concepts, present a solid front. The answer is
a patterned set of concepts. The Imoge sbrains to approximate
to the concepts. The concepts, by addsd conceptuel determinations,
can express thelr difference from the merely approximate Image.
The pivot bvetween Images and concepts iz the Insight., And setting
The standserd which Insight, Imeges, and concents must meet 1is the
question, the desire to know, that could have kept the process
in motion by further queries, had its requirements not been satisfie
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A sixth observation distingulshes different
klnau of definition. As Buclid defined & straight line as a
line lying evenly between its extremes, so he mizht have defined
g circle as a perfectly round plane curve. As the former definitior
so also the latter would serve bo Jdebermine unecuivocally the
proper use of the names, straight line, eircle., Bub, in fact,
Bucllid's definition of the circle %x doeg more than reveal the
proper use of the name, circle. It includes whebs-ethsrwire

oo~ PekaG te-be-ndded as o pesbudnte, the affirmation thab

in any cirele all radill are exactly equal; and were that affirmstior
not included in the definition, then it would have had to he
Bdded as a posuuTate.

To vliew the same matter from anosher angle, Buclid
did postulate that all right angles bes equal. Let us name the
sum of two adjacent right angles a straicht angle, Then, if
all right angles 2re egualX, necessarily all straight angles will

- be equal, Inversely, 1if all straicht angles are equal, all

right angles must be equal, Now 1if straight lines are really
straight, ir they never bend in any direction, must not all
rxgkk stralilzht angles be equal? Could not the postulate of the
equality of stralight angles be included in the definition of
the straight line, as the postulate of the eguallty of radiil

i1s ineluded in the definition of the circle?

At any rate, there i1s a difference between nominal
and explanatory definitions. Nominal definitions merely tell us
about the ecorrect usage of names., Explanatory definitions also
inelude something further that, were it not included in the
definition, would hsve to be added a8 a postulzte.

¥hat constitutes the difference? It is not that
explanatory definitions suppose an insight while nomlnal definition:
do note For a lancuage is an enormously compliceted tool with
an/endless variety of parts thet edmit a far greater number of
significent combingtions. If insight is needed to see how other
tools are to be used properly and effectively, insipght is similarly
needed to use a language properly and efrfectively.

: $till, this yields, I think, the answer to our
guestion. Both nomlnsl and explanstory definitions surpose
inslights., But a nominal definition supposes no more than an
insight into the nropsr. use of language., An explanatory definition,
on the other hand, supposes a further insisht inte the objecis
to which languspge refers. The name, clircle, is defined as
a perifectly round plane curve, as the nsme, sSbtraight line, is
defined as a line lying evenly between its exbremes. But mxa
when one goes on to affirm that all redii in 2 circle are ejual
or that all right angles are e~uazl, one no longer is Lalling
merely of names. One is making assertions about the objects
which names denote,. :

}1<’%““13h‘&”*°A seventh observation adds a note on the old
puzgzle of primitive terms.

Every definition presurposes other terms. I
thege can be defined, thelr definitions will presuppose sEill
other terms. Bul one cannot rerress to infinity. Hence, eithur
definition 1ls bzsed on undserined terms or else terms are defined
in s circle sc that each virthally defines itself.
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Fortunately, we are under no necessity of accepbing
the argument's supposition. Definitions do not oceur iIn a nrivate
vacuum of thelr own. They emerge in eolidarity with exneriences,
images, questions, and insights. It 1s trne enough thet svery
definition lnvolves several Lelms, but it is also trne that no
inslght can be ezpressed by a single term, and it 1z not true
that every insisht presupposes previous insigshts,.

Let us say, then, that for every basic insight
there 1s & circle of terms and reletions, svch that the terms
fix the relaticns, the relatlons fix the terms, and the insight
fixes both. If one grasps the neceasary and sufficient conditions
for the purfect roundmess of this imagined plane curve, then
one grasps not only the cirecle butb 2150 the point, the line,
the cirecumference, the radii,/and e-uality. A1l the concepts
tumble out together, because all are needed to express adequabtely
a single insight, All are coherent, for coherence hagx basically
means that a1l hang together from a single insight.

Azain, there con be a set of basic insights.

Such is the set underlying Fuclideazn geometry. Rheyxzenzraisz
Beczuse the set of insights is coherent, they generate a set

of coherent definitions. Beczuse dlf¢evont obiects of definition
are composed of similar elements, such terms as point, line,
surface, angle keep recurring in distingt defiu1t¢ons. Thus,
Fuelid begins his exposition from a set of images, a set of

insights, and a set of definitions; some of his définitions ave

merely nominal; some are exvlanatory; some are derived, partly
from nominally and pertly from explanztorily defined terms.

3-? M"‘t %‘f¢ngl observation introduces the notion of
implicit aef1n¢t10n.

D, Hilbert has worked out Foundaticns of Geometry
trhat satisfy contemporary logiclans, One of his Important
de¥ices is known as implicit definition. Thus, the meaning
of both point and straight line is fized by the relstion that
twqﬁpoints determine a straight line.

In terms of the goregoing analysis, one may say
that Implicit definition consists in explanstory definition Wlthoat
nominal definition. Tt consists in ezplanatory definition, for
the relation that two points determine a straisht line is a
prostulational element such as the equallty of a2ll radiil in &
circle. It omlis nominal definition, for one cannot restrict
the meaning of point to the Euclidesn meaning of position without
magnitude. An ordered pair of numbers satisfies Hilbert's implicit
definition of a point, for two such pairs determine a straizght line.
Similerly, a Tirst degree ecuation satisfles Hilbert's implicit
deflnition of a straight line, for such an eguation ls determined
by two ordered pairs of numbers,

The significance of implicit definition 1is 1ts
complete generality. The omission of nomingl definitions is
the omission of a restriction to the oblects which, in the first
instance, ons harpens to bhe thinking about. The excluslve use
of explanstory gXemmmbs or postulstiocral elements concentrates
attertion upon the ¥ set of relstionships 1n which the whole of
sclentific siznificance is confained,
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S.HH&ﬁLﬁﬁdﬂﬂﬂ?-Thﬁ next significant step to be taken in working

out the nature of Insight is to snalyze development. Single
insights occur sither in isolation or in related fields. TIn

the latter case they combine, wetdeses cluster, coalesee, into

the masteryof a subject; they grownd sets of definitions, postulabes
deductions; they admit applications to enormous ranges of instances.
But the matter does not end there. Still further insights arise.
The short-comings of the previous positlon becomex recognized,

New definitions and postulates sre devised, A new and largen

fiseld of deductions is set up. Broasder and more accurate _
applicatlions become possible. Such o complex shift in the whole
structure of insights, definitions, postulates, zmd deductions,

and applications may be referred to very briefly as the emergence

of a higher viewpoint., Our question ig, Just what happens?

Taklng our clue from Descartes’ insistence on
understanding simple thlngs, we select as our pillot instance the
transition from arithmetie to elementary algebra. MNMoreover,
YTosb-soms.malrenatdodnn swpriordebab.
to guard against possible m131nbefpretatlons, let us say that
by arithmetic is meant a subject studied In grade school and
that by elementary algebra is meant a subject gtudied In high
achool,

1%ut;*LJ§’“ZA first step is to offer some definition of
the positive integers, 1, 2, 3, 4,000
Let us suppose an indefinite multitude of
instances of "one." Phey may be anything anyone pleases from
sheep to Iinstances of theeg et of counting or ordering.
Further, let us supnose ag too Iqmlllqr to be
defined the notions of Y"one," "plus," and "eouals,"
2o i3 on 4%£ﬂﬂ1+o_ienaa&4éhaucseﬂﬁé#&

ﬂinfiaibe”ﬁéri poa;@iv’ﬁlntegéﬁﬁi'namely,
eﬂe, £l iq_ggﬂ-move t'ﬁn'typf’fqaf is

Then, there is an infinite series of definitions
for the Infinite series of positive intsrers, and it may be
indicated symbolically by the following.

1l &+ 1 = 2
2 % 1 ™ 3
3 4 1 = 4

fic.,, &C., &C.

This symbolic indicetion may be interpreted Iin any of =& varlety
of manners. It means one plus one equals two, or two is one more
than one, or the second is the next after the first, or even

the relations between classes of groups e=sch with one, or two,

or three, &c., membars. As the acube reader will see, thes#

one Ilmportant element in the aboveadefinitiorg is the &c,, &c.,
&ec. Without it, the positive intesgers cannot be defined; for
they are an 1naef1n1tely grest multitude; and it is only in so
far as some such gesture as &c.,, &c., &c., i3 really significant,
that an Infinite series of deiinitions can occur, What, then,
does the &c., &c., mean? It means that an insight should have
oceurred. If one has had the relevan®t Insight, if one has caught
on, 1if one sees how the defining cen go on Indefinitely, no more -
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need be szid. IFf one has not caucht on, then the poor teacher
has to labor in hils apostolate of the obvious., For in defining
the positive integers there 1s no alternative to insight,

Incidantally, it may not be amiss to recall whai
already has been remarked, nsmely, that a single insight is
expresged In many concepts, In the preseat instance, a single
insight grounds sn infinity of concepts,

-3.24@&&&QE£&1-A second step will consist in making somewhat more
precise the familiar notion of equality. ILet us say that when
equals are added to ecusls, the results are egual; that one is
equal $o one; and that thoerefore an zHdihiisr inflinite series of
addition tables can be constructed. : -

The table for adding 2 is constructed by adding
one to each side of the equations that define the positive
integers. Thus,

From the table 2 4+1 = 3
Adding 1 24+ 1las+l = 341
Hence, from the table 2+ = 4

In 1ilke manner the whole table for adding Z can be constructed.
From this table, once 1t is constructed, there czm be constructed
a table for adding 3. PFrom that table it will be possible to
construct a table for adding 4., &c., &c., &., which zgain means
that an insight should have occurred.

Phus, from the definitilons of the jBossdve posibive
integers and the postulate about a2dding ecguals to equals, there
follows an indefinitely garest deductlve expansion.

Sed A A third step will be to venture iInto a homoseneous

expansion. The familiar notion of addition is to be complemented
by such further notions as multiplicatlon, powers, subtraction,
division, and rootse. Thils development, however, is to be homogeneou
and by that is meant that no change iIs to be involved in the
notionsg already employed.

Thus, multiplication 1s to mean adding a number
to itself so meny tlimes, so that five by three will mean the additic
of three five's, Similarly, powers are to mean that =2 number is
multipliged by itself so many times, so that five to the third
will mean five multiplied by flve with the resulbt mulitiplied azgain
by five, On bhe other hand, subtraction, division, and roots will
mean the Iinverse operations that bring one back to the stariting.
point. : -

By a few lnsirhts, that need not be Indicated,
it will be seen that tables for multiplication and for powers
can be constructed from the addition tables. Similarly, tables
for subtraction, division, and roots can be constructed from the
tables for addition, multiplicatlion, and powers.

The homogeneous expansion constitubes a vast
xbension of the initial deductive expansion, It consists in
introducing new operations, Ifs characterlstic is that the new
operations involve no modification of the old.
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Sedk A A fourth step will be the discovery of the need
of a higher fiewpoint. Thisg arises when Tthe inverse om rations
are allowed full generallty, when they are not restricted to
bringing one back to one's starting point, Then, subbtraction
reveals the posslibllity of nerative numbers, division reveals
the possibility of Iracticns, roots reveal the possibility of
surdse.  Further, there ariss questionaz zbout the meaning of
operations. What is multiplication when ome multiplisa negative
numbers or fractions or surds? st is subbrection when one
- subtracts a negative numher9 &c., &Caey, &Co Indeed, sven the
meaning of "one" and of "equals" becomes confused, Tor there
are recurring decimals and it can he shown that point nine recurring
ig equal to one. ' :

T Let X = 0.9
then 10X = gog
hence g = 9
T and s¢ X = L
T Fetwuldatfion ) e Hughs Vieuponk-
5B i A Tifth step will be to formulate a hizher viewpoint.
' A Disgtinguish 1) rules, 2) operations, and 3) numbers.

Let numbers be defined lmplicitly by operstions,
80 that the result of any operation will bhe a number and any
number can be the result of an op.ration,.

Let opsratlons be defined implicitly by rules,
so0 that what 1is done Iin zccord with rules is an operation.

- The trick will be to obtain thie rules that fix

the operations which fix the numbers. :

The emergence of the higher viewpoint is the
performance of this triek. It consists in sn insight that 1)}
arises upon the operations performed according to the old
rules and 2) is exgressed in the formulation of the new rules.

- Let me explain. From the image of a cart-wheel

we proceeded by insight to the dafinkism definition of the circle.
But, while the cart-wheel wasg imagined, the circle consists of
poinhs and lines neither of which can be imagined. Between the
cart-whedl and ths circle there is-an approximation but only an
approximation. Xow, the transition from arithmetic to elementary
algebra is the same sort of thing. For an image of the cart-wheel
one substitutes the image of what may be nemed "doing aribhmetic';
it is a large, dynamic, virtual image thet includes writing down,
edding, multiplying, subtracting,_dividing numbers in sccord
with the precepts of the homogeneous expansion. Not all of this
image will be present at once, but any part of it can be present
and, when one is on the alert, any part that happens to be
relevant will pop into view. In this larpe a=rd virtual imege,
then, there is to be grasped a new set of rmeles governing operation.
The new rules will not be exXactly the sane as the 01d rules.
They will be more symmetrical., They will be more exack. They
will be more ceneral., In brief, they will differ from the old
much as the Bxrk highly exact and symmeirical circle differs

from the cart-wheel. :
. ; 2100 ‘P‘he new rules?——sdsat—a4d me-baaa-—gf*e-e:l:
ere--were-rules. @ﬂﬁrmqmﬂﬁle Here
There wers TUIES-TOF 6QuUat 10n8. 1hose
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What sre the new rules? In hich school the wules
for fractions were generzlirzed; rules for sisns were introduced:
rules for equatlions and for indlces were worked ouvt., Their
effect was to redefine the notions of adaitilon, muitiplicetion,
powerg, subbractlon, division, and rootsy and the efiect of the
redefinitions of the operations was thzt nunbers were generated,
not msrely by addition, but by any of the operations.

Su(‘ ol b
Seb %me resder familiar with croup theory will be aware

that the definition of operations by rules zné of numbers or, more
generally, symbols by opevations 1s a procedure that penetrates
Geeply into the nature of mathewatics, Bub there is a further
aspect to the matter, and 1t has to do with the seveloemeni—of
i hewciied gradual development by vhich one advances through
intermediate sbages from elementary to higher mathematics.,
The loglcal =nalyst can lesp from the posi itive intesers to group
theory, but one cannot learn mathemstics in that simple fashion,
On the contrary, one hasg to ﬁorfarm, over and over, the same btype
of transition as occurs in advencing from qrmthmetlc to elementary
algebra.
' AL each staze of the process there exists a set
of rules that govern operations which result in numbers. To
esch stage there corresponds a symholic imege of doing arithmetic,
QOlng algebra, doing ealculus. In each successive lmege there
1s the pobentialiby of grasping by insisht a hirher set of rules
that will govern the operatloqs and by them elicit the numbers or
symbols of the next stage. Only In so far as a man mokes his
slow progress up that escalator does he become a technically com~
petent mabhematiclan. Without it, he may zcuulre a rough ldea
of whst mathematics is about; but he will never be a master,
perfectly aware of the precise meaning and the exact Iimplications
of every symbol anG operation, -

Tltsqwbuwu.4i%méakum

n © The anzlysis also reveals the importance of an

pt symbolism.

There is no doubbt that, though symbols are sipns
czosen by convention, 8till some sgmbmis choices are highly fruitful
winile others esre not. It is easy enouch to take the scuare root
of 1764, It is another matter to take the squere root of MDGCLXIV.
The develoyment of the calculus is easily desi:nated in using
Leibniz! symbol, dy/dx, for the differenbial coefficient; Newbton! s
symbol, on the other hand, can be used only in a few cases and,
what 1is worse, it does not sugrest the theorems thst can he

a8 u&.-hl .L;:hed

why 1s this so? It is bscnusge mothematical oneratlon
are not merely the lozical expansion of concenbusl rremiges.

Image and cuestion, insight and concepts, all combine., The function
ef *he ynoolism 1q to suurly Lne rc]ev anb 1“nte an.d the symbolimn
A -b : -

ol o

b o - = 2o = ”- . 1 =
¥ is abt in smuch as 1ts Immenent ﬁatuefns 28 well 8 the dynamic
petterns of 1ts mani-ulstion run vpsredlel to the rules and overabior

tl:at have been grasped by insisbt and formulated in concephs.

The benefdits of this parallelism are manifold,
in the first pls ice, the symbolism 1u elf tzkes over a notable
nart of the solution of problems, for the symbols, complemented
by habilts That have bhecome aﬂtOﬂctiC dietate hﬂat hes to he done.
Thus, a mathematiclen will work at = Uwohlem up to & point and
uLen announce that the rest is mere routine. In the second place,
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the gymbolism constitutes a heuristic technicue: the mathematicion
is not content %o seek his unknowng s he nemeg themj; he esalons
them symbolss he writes down in eduations 2l thelr propertiess;
he knows how many equations he will need; and when he hasz reached
that number, he can say thet the rest SmAjuskironkine of the
problem 1s Just routine. In the third nlace, the aymbolism
offers clues, hints, suggestions, Just as the definition of
the circle wes approached from the clue of the equallby of the
smokes, so generally insights 4o not ecome to us in their full
stature; we begin from little hints, from susplcions, from
possibilltles- we Try them out; if Bhnv lesd nowvhere, Ve dropk
themy if they promise suecess, we hnsh them for all they are
worth. 2hmx But this can be done only If we chence upon the
Lints, the clues, the possibilities; and the effect of the apt
svmbolism is to %eﬂuco, ir not entlvely el¢m¢1ete this element

b 1 o 5 . . "‘;“.'-"v'— .
i Eh ™ pr -~-~s~%y’§“hwelS—Wﬁr“grtafiaha,wto_aﬁﬁwdft ERumRe
._ e TS ST " ARk : caif

of chance., Here, of course, tIe 011531ca1 h g mple is analytlc
geometrys. To solve a proilem by Huelidean methods, one has

to stumble upon the correst construction. 'To solve a problem
analytically, one hag only to manipulzte the symbols.

In ths fourth place, there is the hipghly significant notion

of dnvsriance. An opt symbolism will xizsx= avmqthmmghiﬂa

endow the pattern of a methematical expresslion with the btotality
of its meaning. Whether or not one uses the Latin, Greek, or
Hebrew alphabet, is a matter of no importance. The mathematical
meaning of an eXpression resides in the distinetion between
constents and vabisbles and in the signs or collocations that
dictate operations of combining, multiplying, summing, differentiat
integrating, and so forth. It follows that as long as the
symbolie pattern #F of a methematical ex;ression 1s unchanged,
its methemstical meaning is unckhanged., Further, it follows

that if a symbolic rattern is unchaneged by any substitutions

of a determinsbe proup, then the methematical meaning of the
pattern is independent of the meaning of the suhstltuuions.

In the fifth place, as has already been mentloned, the symbollism
qpﬂrOQvlaLe to any stage of mathematical developmcnb provices
the image in which mey Dbe zrasped by insisht the rules for the

next'stage. y
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Bﬁxfthere 1s a further aspect to the matter.
Because _particular places and particular times possess no

i

immanengﬂlntelligibility of thelr own, they cannot invelve any

modification of the Intelligibility of anything else. It is
no?egffﬁerence in place but something different at the place®

that gives rise to different observaitions or different experi-
mental results in different places. Similarly, it is not mere
difference 1n tlime but something different at that time that.

gilves rise to different observations or different experimental
results at different times. Morecover, were that not so; every
place and every time ﬁould have its own physlcs, 1ts own chemistry;'
its own biology; and as a sciendé_cagjze wdrked out instantaneously
at a#mmmm single place, there would be no physics, no chemistry,
and no biology. Conversely, because particular places and
particular times pertain to the empirical residue; there exists

the powerful technique of sclentific collaboration; scientists

of every place and every time can po'oll thelr results 1n a common

fund and there is no discrimlnation agalnst any resuli merely

because of the piace or merely because of the time of its origin.

| Eyon more fuﬁﬁﬂmnntal Yok thon sclontifie collabop-
ation in sclientiflie poncralipat iaua Yhen chioniote hrve mastorod
a1l of the eionantn, thelr iﬂat@pea,t and their compounis, they
.m:;r forret 4o bo pratefnl thnat they 4o not havo o ainoover
different ozplonetlione {ov apcli of the hydroqon atons whideh, it
peens, no e up aboat £2 fty-five por cent of ihe actter of owr
wdverge.  Sut ot lesst the oot that sach o nyried of explanatlons
in not noaded ig very relevant L0 our porposg.  wory gnenienl
eloacnt oyl @vﬁrg cemﬁounﬂ aisfera from overy o'h~y hind of
alement o componnd and all the Alif reanieoes “”vr Lo bo expiained.
Brory hydrosen atom Glifers {rom ovory oth-r Iirocen stom and |
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aavoct of the ennirloni v-ram..«ns;m ardly, ne .’.‘mr_m clonrly, Lthis nepoet
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i eorwpled with tho oot pumrﬁ"ml ol all nclontifle techni-nen,

ronornlisntlion.

Hovever, thle isous Lno been bBo ted about by phillse
pophers ever clige Lo # Platonints exnplnined the wiversnilty of
:z'ir:a.‘-:,hf:frm‘;icnl and selontilliec Thowliedse by poptuiziing et arm.l nnd
Lomutable Porme or Idoas only (o ©ind thonoolvos amlmasmeﬁ by
the fnet thnt a elngle, ctornnl, immutable One could hordly cround
the nalvoproal plabonrnt timﬁ one and one arc two op, wh-araln, thot

o oluogle, etopnnl, imminble Trinnple wonld not suffice

for thoorema on trinnnleos sindliny &n all reopretn. S0 timm RYO00,
1t seonp, the Thilosophile rroblen of nerely nuirionl aifzerence
and, econneetad with it, there mve beon formminted cogndtiomnl
taeorics basod on o dectrine c:f pbatractlion. Aceordingly, wo ore
eonptininaed te ony sopething on thooe dnsues and, legt wo appoay
Lo be atten ting to dilute water, we olnil 4o o0 a8 Iriefly as
poasible. |

- The apoertlon, then, of nerely nunorienl ;ﬁﬁ.i‘i’rfeme
lovolves tve cledents. On the icoretleal pide it 1o the pglsdn -
cinim that, vhen any set of datn have boon r"“&‘éﬁ,m@ﬁ conpleteldy,
anothoer oot of data olr :.Z“;fm in ol reopeatno vould ot enll for
131 'ﬁf;ﬁ‘fémnt explonatlion. On the feetunl pifle 4t ip the eladn hnk,

. _ _ expinined

wihon any sob of datn han Doon axRaknnd cgm;;zlotolzh a;aiy an
exbnustive tone of logpecilon eould catabilsh thet thore G\oem rahs
exiot ancther oot of data aindilicp in 211 rom;iaeéﬁa. |

The bmelo of ihe thecretleal eontontion Lo thnt,
Junt oo the sane aot of ?z,z-zc}@rmam&.f';@, ig roponted vwhon the snnme
set of datn 4o npprobrnded o seeond Sine, 00 nlpo the pane oot of
andersTndine is repented vhen one approhonds o geeond oot of anta

tard An oindlor to o Dirgt in all roowcetn. Thuos. the phypsfei sl
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offaprs CALCnront ooplonntionn for "rod" and ;Juﬁ 3 e LIPS

ALoforant onplionniiong Top Gifﬁ@rcmt gixmdios of "reas and he
weid Clecern no oenae in tho ggg propoosed tﬁﬂt he oghould try to
find an nany differeont oxplonotions an three are Aillerent
$astances of exaetly thne gnﬂo ahinde of exnctly tho sane Colors
The factanl cam&emﬁi@m in more comzlex. It ds
net on mna@ft&an ﬁhat thera-aﬁzst A1<Ceront pets of dnta clmilne
In ol reppocioe. It is not o donind of wandons imstmmmem, $.000 s
G Anntonees thint are U0 he'aﬁﬁlmiﬁﬁd in o memier in vieh no
gthor inglance in the unlverse Lo L0 Do onpix ;acﬁ it lo not
even o Jdendal thol gvery Indlvidoad in the wniverse io o uanicoono
instonce, On the contrary, the relevant fnet lion in the mture
of the Q:pi&nati@na that are apslicable Lo our urdvorae. It lp
to the offeet thot al“ mueh expinnotlcons nre nnde up of ponoral
or univoronl clements and that, vhile thepe g@.cral or univorsal
eiomonts ony bn conblnod in such a annnoy thnd every individual
i explainad Ly o differont cooblnatlcn of elemomtas, otlll such
plnmior cONIOR
o combipation in an explomntion of & combinntion of amm&w&mu&

mopertics anxd not an onplonotion of Lnll wnpzaliﬁy. Far_if-th@

intividanllity of tho Individonl vere onzialnoed, 1t woeilid bo
aonnincloss Lo suprene that seome othow inedvicunl nicht bo umdere

sbood in cznetly the scane foshions. On the other hond, boesune LYho

1atAvidun ity of the 4nalviduni 1o not onplolned, it io only on
oxhnative tour of logooetlion bt gon anttle vhicthor or not

shope grints another 1adividunl sldmilor 4n ali.r@agwgtmﬂ Hence,
oven 18 Yhore wore rotcind o min wic eonrrehinmndAve Lheory of ovoluoe
tion thot enmsininad nnd onnilnined 4iIlcrently overy ineciance of
2ie on Ahkls -gaﬁct, ptlll in otrict lorde wo ghould hove o
Lanroct all othor planets hefore we coid be abselntely certain

s oot Liheore ALE a0t oxnltlol anobther inpisnce o ovolutlon
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ginlline in all poonncls.e

In "lef, in0lvi0mnle Q4ffor, Y it witimmnbo

ALELoroncee In onr unilveorse io o omabior OF fneh to vhilch thore
corropponds nething Lo be gronted By dlroet Lnplirht.  Dovooeor,
on oolontifice colinbopnllon reoio on She o ji'*j.(‘n». 1y ronid ool
dlflerempo of partlouier plocop and of pnrtlculor tinos, oo
pelortille res :q«“fz*m‘?.,i soblon resbo on the mes eaplrlenlly roclidunl
c*ﬁ.ﬁ.:?ﬁimz*orwg boduroon 1*1 Lyidunls of the pome closp. Junt uh~t the
Towert oloon 10, 0o e b AlneoTes ﬁé’. Wy celomtillie advnnco in
dlrect Lonicht. Twen i:-“: % showlid prove thnat In sone ponoo
taore ope as nany clapneg 00 ii‘.’iﬁi"ﬁiﬁtmlﬁ, still wo enn now nb
oncg thnt that ponne in n-at that -ﬁhm Indlvidunliity of Individunlno
i wdorptood Lnt norely thnt kimsh q.m{-s ying cﬁf:}.’tﬁﬁ.mﬁim}@ ﬁi’
wnivorenls explan~bory clononts nay Do ac&t. in oorrenpondonee with

pinrming ema‘?;inatimnﬁ of eoonon propordlos or aspocts in enoh

Andividoal, For tho contont orecrad in dnoicht con bo onbodicd

20 Ileor in danglnetion thom in senged ond whethor there o more
thon one inotance in oenod, con be s@tulbd only Ly sn copirleal
tou of fnnrcetion.s |

mmz& wve pianll direct attontlion 20 furdher nolvceis
of the mapdricnl residue, Tor thore oxlin?e o olatisticnl ~othod
tit roptn on the cnplirieall mmiim@i choractor o colnolidental
{ﬁgﬁ;{;;l‘*@gj.&'{;.-aé of cevonto, and there 1o & ddnicetlienl nethod thnt
16 necessitnied Ly the Inck 0F tnf {"l‘li”ﬁ.‘:ﬁ.ii,ty in wnn's Itmin%l«_
liceont opinliong, chioicon, ord conduet. Db perhepe onouch hne beon
snld Zor the ponmerel notion 30 be eloar, on? oo we turn Yo tho
niiled torle of angtrachklon,

Proporly, then, nbobraction in 2ot n rettor of

: ~“*-P ; ¥ e, H 2R s
aprrcionCine o ponniblo or Lnnclnstive Sopind

i

motior 08 onsd
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urle oty tocloy fino iy, i@ 10 not even & nnttor of nitending

to ono cuopblon ot o tide and, neonvhillo, holﬂiwg cthor ousgltlong
im,ah@y&ne&u'_ﬁ“@parly, to obhotract io b0 prasy the epoontisl and

to dlorornrd the incldentel, to soo waet lo shrniflicont anﬁ.gﬁgy
pet anlie Lhe irrelevant, to rocopnloe the imrortont as inroriant
nnd the neglipible nn nogliciblie. [loreovor, wvhen it an acled vhat
iz ﬁmmémﬁial or cirnilicnnt or important and vwhint lp iﬁaiaental,
ivrc*mvaww, nerileihle, the anawor aunt Do twofolds For abotrpetion

15 the acloativity of inteliipence, nnd “?}a&h_inzalligmnca

mny bo csmri orod althinr in nomo giﬁmn atare of dovelopzent or
at the torm oa dovnlopnent vhon pone seience or proupr of sclencen
hep bBoon nastared ngglcﬁmlyq
Tlonco, relntive Yo any glveon imaiéht or cluster of

Ingirhin, thoe Qﬁqcafiml, oirnificant, Important conolots 1) in thw
set of apiocls in the ﬁata neceasary Paw the ocourronce of tho
Inoicht or Incights or 2} in the pot of relinied coneopis ROCASONYY
Loy the cxpreogssicn of hp &ﬁaﬁﬁ.i1sight or lnsirhto. o©n the other
nond, the incidental, irrclevent, nofligible conglata 1) 4in othor
coneonltont nopeets G“ the dndta thnt do not M1l under tho inodrbt
or incirhte or 2) in the oot of coneapte thnt corvocoond to the
acrely cunccmitm*t copectn of the dnts. Apsin, rolintive to the
21l dovelornont ¢f o oelornno oF group of ;i:wnu neloencen, thw
caponticl, oirndlllcont, Inporiont c,3r$mtgA3n the aniochs sﬁ the
dnta thnt nro nocosnnry £or the ceourronce of 221 4nsichits dn the

“ﬂrew“ioﬁm roanre or 2) in the got of re;&oeﬁ cgﬁmegtn bt ontrees
023 the Anelshte of the selsnce or neleness. On the othor hnnd,
vhe lngldontnl ,.iP;aﬂovmﬂt, neriicihle chnéasﬁa in tho enpirienl
rooidue thnt, oinen 4% POABCANeS No immanent 1ntelilsibliity of its

oun, 10 loft over without ﬂ“"rhnﬁtism evon whon o gelience or gorenp
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ol soleoneos resclics full dev-lomon
Finnlly, to comeclude this chartor on the Elenents

of Infli,_ b, L0t uo indicato brlelly whet lg aopentinl, olr Liu.aiﬁ&%
inportont in ito contentin mnﬂ, i bhe obther hinnd, ﬁ:mt. in incidontal,
irrclovant, nopnilglble. Whet sione Lo cspontind fo dnelcrht Lnto
inalrtit. Heace, the Lneldental inciudes 1) the porticilay insichts

chooon as exeaples, 2) the [ormalntion of ‘aﬁmg@ inalirhis, and &)

the dnnces ovobed Wy She Dormaletion. It foll love that Tor She
phory of Arghinodssg the z*a:emfz_f;::’ wilil rofitably snbptllute sonoe lese
1*43{3-—73*3:3‘.‘2&.1’*43 got qore holpful enmperlonce of hWlo own. Inotend of the
ﬁei‘imiﬁim of Ithfa girelo he con tabe ﬂmr gthwer intelllicontliy mx%-
formed net of d~fining nnd ssh why the perlormonce is, not onfe,
not ncouratae, not the cceoptod ":.cr'wmoiagy, out o erontlivo ptrol
of inoirht. Inotond of tho tranpit ton fron ol canntory arditinotle
Lo oleno: wary alrebra one ooy eovicw the proceco from Duelldonn

0 HAonnmndinn poonmetry. Inotend of oobing vihy mipdo ore gurds,

one oan antt why tronscendental munherrg are troanncendlental.
Gindinerly, ¢no onn ask whoth the prineiplie of inordtis inplies

tand Hewton's Inwp are invardant wnder inertloel transformoblons,
whaot inogdred Leveonts to puppose thobt thn clectrtangnetie aruntliaons

g

wild bo Anvorinnt aader ineptinl r,:m;;::ﬁ-zcmat-m;m, sether on
iovnrps innicht seconnts for the boole postulste of Gonoral
Lelatlivily, vaethor tho dilfcvences of roartliewler f;.ﬂ,demm o) adie dh ke % B0
cular tinop ore tho sane anpoet of the onpirical ponidue an tho

L EPhronoen of conplotely olmlliny hydroson gtoan. Fore Just oo

in nny mza‘z:&;}oet one comng o manter the cpoentinis by varyling the
Lneinoninin, 00 one porchon fonflineliy with the notion of Ineight
by netliyiag the i3lastrrtlong and dlecovering for onenelf ot An
*:ma‘m M _‘er-?i‘?fi{i the polnt oot oocthoe attonrss Lo b in tf‘mu

e hLopoess to thin? € will conwey tho Adeon Lo o M wronly
M ~~eL BTt akrege re«daelt.
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