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1. ~he analysis of the exact sciences that I have given
60 far started off from a definition of classical physics as a
formalism which, even though it co~ld be strictly falsified by
cer~ain conceivable events, could be falsified by actual events
only under certain conditions acknowledged by the personal
judgment of the scientist. Another element of personal
knowledge appeared to be claimed by the scientist when appraising
the internal rational qualities of a theory. ~he joint assess-
ment of the theory's correspondence to experience together with
its intellectual nttractiveness was the ground on which the
ultimate acknowledgement of its credibility was seen to rest.

As we went on to quantum mechanics we noted ~hat
falsifiability of theory by some conceivable vvent was lost and
that the assessment of correspondence between theory and actual
events ~ad become massively and ostensibly dependent on personal
judgment, All quantitative statements of prJbabili.ty were
recognised as exact scientific laws which prescribed a personal
expectation of and subsequent reaction t:> events without making
any unambiguous predictions about them.

But there are other areas in the exact sciences where
personal appraisal plays a prominent part - and where,
conae uently, as in quantum mechanics, the test of falsifiability
is wanting. ~hese consist of mathematical formalisms in which
certain variable magnitudes are said to be small integers but
are otherwise left indeterminate. ttepresentatives of this type
of formalism are the law of simple proportions in chemistry and

the law of ratLmal indices in crystallography.

~he law of simple chemical proportions asserts that if
there are a variety of compounds int) which the chemic al elements
S, T, U ••• combine, it is possible to discovor for each element
a characteristic quantity called the atomic wClight,the use of
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1, The analysis of the exact sciences that I have given

so far started off from a definition of classical physics as a

formalism which, even though it could be strictly falsified by

certain conceivable events, could be falsified by actual events

only under certain conditions acknowledged by the personal

judgment of the scientist. Another element of personal

knowledge appeared to be claimed by the scientist when appraising

the internal rational qualities of a theory. The joint assess¬

ment of the theory*s correspondence to experience together with

its intellectual attractiveness was the ground on which the

ultimate acknowledgement of its credibility was seen to rest.

As we went on to quantum mechanics we noted that

falsifiability of theory by some conceivable event was lost and

that the assessment of c >rrespondence between thejry and actual

events had become massively and ostensibly dependent on personal

judgment. All quantitative statements of prjbability were

recognised as exact scientific laws which prescribed a personal

expectation of and subsequent reaction to events without making

any unambiguous predictions about them.

But there are ocher areas in the exact sciences where

personal appraisal plays a prominent part - and where,

consequently, as in quantum mechanics, the test of falsifiability

is wanting. These consist of mathematical formalisms in which

certain variable magnitudes are said to be small integers but

are otherwise left indeterminate. Kepresentatives of this type

of formalism are the law of simple proportions in chemistry and

the law of rati mal indices in crystallography,

+

The law of simple chemical proporcions asserts that if

there are a variety of compounds into which the chemical elements

S, T, U ... combine, it is possible to discover for each element

a characteristic quantity called the atomic weight, the use of
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which as the measure for the quantity of the element contained
in any compoundwill result in the expression of the elementary
composition of tIle compoundby a set of small integers.

~here are two inter-related terms by which the reference
of such a formalism to experience relies more heavily on acts
of personal appraisal than does the formalism of classical

physicS. 'J:heyare the terms 'small t and t intege:r!. '1'0

ascertain a simple pr?portion of integers, from a measurement
of weight or length demandsthat we go beyond the method of
ascertaining measured quantities from sets of instrument
readings, as we do for the verification of predictions in

classical dynamics. Viemust take the further step of
identifying arithmetic proportions of measured quantities with

integer fractions. While the transition from sets of
instrument readings to numbers accepted. as measured, can be
formalised up to a point by the assumotion of random errors to
account for the· spread of instrument r3adings, there is no
formal rule for obtaining the integer fractions to be accepted
as corresponding to any particular proportion of measured

numbers.

~his aet is eomplicated, moreover, by the inevitable

demandthat the integer be small. It maybe considered obvious
that if the relation of the measured proportions of carbon to
hydrogen in a sample of methane and a sample of ethylene comes
out at 0.504 with a probable error of 0.04, we should assume
that it is to be represented by the integer fraction 1/2; but
this is only s because we implicitly assume that the ratio
must be simple, i.e. madeup of small integerR. Muchcloser
approximations would be offered by taking the ratios of larger
integers. ~y choosing from these we cjuld always achieve a
perfect fit, as wewould by taking 1008 I 2000 to represent the
measured ratio 0.504.
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which as the measure for the quantity of the element contained

in any compound will result in the expression of the elementary

composition of t e compound by a set of small integers.

There are two inter-related terns by which the reference

of such a formalism to experience relies more heavily on acts

of personal appraisal than does the formalism of classical

physics, 'They are the terms ’small* and •integer*. To

ascertain a simple proportion of integers, from a measurement

of weight or length demands that we go beyond the method of

ascertaining measured quantities from sets of instrument |
readings, as we do for the verification of predictions in

classical dynamics. We must take the further step of

identifying arithmetic proportions of measured quantities with

integer fractions. while the transition from sets of

instrument readings to numbers accepted as measured, can be

formalised up t) a point by the assumption of random errors to

account for the spread of instrument readings, there is no

formal rule for obtaining the integer fractions to be accepted

as corresponding to any particular proportion of measured

numbers.

This act is complicated, moreover, by the inevitable

demand that the integer be small. It may be considered obvious

that if the relation of the measured proportions of carbon to

hydrogen in a sample of methane and a sample of ethylene comes

out at 0.504 with a probable error of 0.04, we should assume

that it is to be represented by the integer fraction 1/2; but

this is only so because we implicitly assume that the ratio

must be simple, i.e. made up of small integers. Much closer

approximations would be offered by taking the ratios of larger

integers. ny choosing from these we could always achieve a

perfect fit, as we would by diking 1008 : 2000 to represent the

measured ratio 0.504.

i
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It is maanin6l~ss therefore to speak of establishing a

correspondence between measured quantities and integers unless
the condition is included that the integers should be small or
their fraction simple. A formalism containing unknown
quantities which stand for empiricallY esta.blished simple
integer fractions relies on our capacity for identifying such
fractions from measured numbers in which they are reflected •
in accepting as significant a law of nature such as that of
simple chemical proportioxls we claim that we can evaluate
observed magnitudes in terms of simple integer fractions. '.rhe
knowledgeto whichwe lay claim by asserting such lawS contains
at this point an aMit ional element of our personal
participation. '.l.'helaw of rational indices in crystallography
says that we can find for each crystal a system of tibree (not
always rectangular) cO_0rdinates so that it will be possible
further to choose a characteristiC length as a unit for
measuring the intercepts of crystal planes on these co-ordinates
with the result that all intercepts of crystal planes will be-v

found ·to be small integers.
The addiGional gap opened up in the correspondence between

theory and experience by the representation of experience in
terms of integers 'can be illustrated best by an example in
which a proposed representation of this kind is still under
controversial discussion. Eddington deduced that the "fine
structure constant" (which in the usual symbols has the
f 1 hc )ormu a 2"e2 is equal to the integer 137; but no degree
of approximation of he measured number to this theoretical
value will convince those whoreject the theory that the number
is an integer.

'-Cothe extent to which the attribute of simplicity is
vague, the demandswhich a law of simple proportions makes on
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It is meanin ,1:ss therefore to speak of establishing a

correspondence between measured quantities and integers unless

the condition is included that the integers should be small or

their fraction simple. A formalism containing unknown

quantities which stand for empirically established simple

integer fractions relies on our capacity for identifying such

fractions from measured numbers in which they are reflected,

in accepting as significant a law of nature such as that of

simple chemical proportions we claim that we can evaluate

observed magnitudes in terms of simple integer fractions. The

knowledge to which we lay claim by asserting such laws contains

at this point an additional element of our personal

participation. The law of rational indices in crystallography

says that we can find for each crystal a system of three (not

always rectangular) co-ordinates so that it will be possible

further to choose a characteristic length as a unit for

measuring the intercepts of crystal planes on these co-ordinates

with the result that intercepts of crystal planes will be

found to be small integers,

The additional gap opened up in the correspondence between

theory and experience by the representation of experience in

terms of integers can be illustrated best by an example in

which a proposed representation of this kind is still under

controversial discussion. Eddington deduced that the "fine

structure constant" (which in the usual symbols has the

formula ) is equal to the integer 137j but no degree

of approximation of ohe measured number to this theoretical

value will convince those who reject the theory that the number

is an integer,

To the extent to which the attribute of simplicity is

vague, the demands which a law of simple proportions makes on
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experience are indeterminate. If future observations of
chemical proportions could be represented only by larger integers
than those found apposite to hitherto analysed compounds we IlhBy

feel increasingly disappointed in the theory and be eventually
altogether discouraged from relying on it. .l$utthe process
would resemble more the gradual relinquishing of a supposed

statistical law which bas repeatedly failed to find corroboration,
than ·the re;jeccion of IiI11 unambiguous theory which has met with
a series of conflicting Jbservations.

4. It is true that the chemical analysis of a substence
with a high molecular weight may lead to prJ portions described by
large integers. l'heend-group of a long chain f carbon atoms
may be formed by some element X, so that the proportion of X to
carbon (measured in atomic weight units) may be 1:1000 or even
higher. ,

When a chemical a<,p-~yeisis interpreted in these terms
we no longer rely on the law of simple proportiJns but on the

atomic theory which has come to replace it as the conceptual
framework of chemistry. Atoms can be counted, and their
counting would necessarily lead to integer proportions of
~hemical compounds. Proportions obtained by counting are

observed in~eger fractions which need not be simple. Indeed,
if we could count the number of sodium and chlorine particles

in a cry tal of rock salt we would find a slight excess of one

or the other kind of particles and the proporLion of the t ryO

,

would be something like 1,000,000,000:1,000,000,001. Therefore.
when wo meet with Chemical proportions which cannot be expressed
by small integers we may yet interpret them as integer
proportions if this appears ;justifiedby more direct vid DCS

concerning the atomic structure of the analysed SUbstances.
Similarly, the law of rational crystallographic indices is today

no longer refutable by measurements regarding the position of
crystal planes. If we obtain, as we sometimes do, intercepts

a
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experience are indeterminate. if future observations of

chemical proportions could be represented only by larger integers

than those found apposite to hitherto analysed compounds we'may

feel increasingly disappointed in the theory and be eventually

altogether discouraged from relying on it. but the process

would resemble more the gradual relinquishing of a supposed

statistical law which has repeatedly failed to find corroboration,

than the rejection of an unambiguous theory which has met with

a series of conflicting observations.

4. It is true that the chemical analysis of a substance

with a high molecular weight may lead to proportions described by

large integers. The end-group of a long chain of carbon atoms

may be formed by some element X, so that the proportion of X to

carbon (measured in atomic weight units) may be lslOOO or even

higher, when a chemical analysis is interpreted in these terms

we no longer rely on the law of simple proportions but on the

atomic theory which has come to replace it as the conceptual

framework of chemistry. Atoms can be counted, and their

counting would necessarily lead to integer proportions of

chemical compounds. Proportions obtained by counting are

observed integer fractions which need not be simple. Indeed,

if we could count the number of sodium and chlorine particles

in a crystal of rock salt we would find a slight excess of one

or the other kind of particles and the proportion of the two

would be something like 1,000,000,000*1,000,000,001. Therefore,
when we meet with chemical proportions which cannot be expressed

by small integers we may yet interpret them as integer

proportions if this appears justified by more direct evidence

concerning the atomic structure of the analysed substances.
Similarly, the law of rational crystallographic indices is today

no longer refutable by measurements regarding the position of

crystal planes. if we obtain, as we sometimes do, intercepts
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the ratios of which cannot be represented by simple integer

fractions, we explain the result in terms of the atomic
patteI'ns on which the theory of crystals t::>dayultimately relies.

5. .l)utwe must remember that the laws of simple

proportions were established both in chemistry and crystall-
ography before the atomic theory was invoked for their

explanation, or at any rate, before it was independently

established. so that their subsequent confirmation and re-
interpretation by the J.:ray analysis of atomic arrangements shows

that the hOlding of scientific lmowledge in the form of such

laws was justified. '.rhepersonal judgment involved in

, evaluating measured pNp,rtions as simple integer ratios maybe
therefore regarded as forming pert of the exact sciences. As

a sci ntist .l must credit myself with the capacity of

establishing a personal knowledgeof definite simple integer
ratios, corresponding to the proportions of given measured

magnitudes.

6. Ln addit ion to assessments of probability, and the
formuiation of small integer proportions, a third form of
personal knowledgeto which scientists lay claim, will be'P illustrated by the elaboration of the mathematical concept 0:1;
symmetryin crystallographic theory. '1'his the) ry has developed
tJday int:) a special branch of geometry but this ultimate
framvworkwas arrived at through a series of earlier stages

which were originally founded on quite primitive appreciations

of regularity. :l!'romearliest times menwere fascinated by
stones of distinctive snapes , Hegularity is one of the
distinctive characteristics which pleased the eye and stimulates

the imagination. Stonos, bounded on manysides by plane

surfaces which met in straight edges, attracted attention,

particularly if they were also beautifully col Jured like rubies,

sapphires or emeralds. This first attraction held the
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the ratios of which cannot be represented by simple integer

fractions, we explain the result in terms of the atomic

patterns on which the theory of crystals today ultimately relies.

5. but we must remember that the laws of simple

proportions were established both in chemistry and crystall¬

ography before the atomic theory was invoked for their

explanation, or at any rate, before it was independently

established, so that their subsequent confirmation and re¬

interpretation by the Aray analysis of atomic arrangements shows

that the holding of scientific knowledge in the form of such

laws was justified. The personal judgment involved in

evaluating measured proportions as simple integer ratios may be

therefore regarded as forming part of the exact sciences. As

a scientist i must credit myself with the capacity of

establishing a personal knowledge of definite simple integer

ratios, corresponding to the proportions of given measured

magnitudes.

6. in addition to assessments of probability, and the

formulation of small integer proportions, a third form of

personal knowledge to which scientists lay claim, will be

illustrated by the elaboration of the mathematical concept of

symmetry in crystallographic theory. 1'his theory has developed

today into a special branch of geometry but this ultimate

framowork was arrived at through a series of earlier stages

which were originally founded on quite primitive appreciations

of regularity. irrom earliest times men were fascinated by

stones of distinctive shapes, Kegularity is one of the

distinctive characteristics which pleases the eye and stimulates

the imagination. Stones, bounded on many sides by plane

surfaces which met in straight edges, attracted attention,

particularly if they were also beautifully col >ured like rubies,

sapphires or emeralds. This first attraction held the
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intimation of a still hidden and great~r significance, which the

primitive mind expressed by ascribing magical powers to gems.

Later, it stimulated the scientific study of crystals, which by

the close of the 17th century had established and elaborated in

formal terms the following four appraisals that are inherent in

any intelligent ap reciation of crystals. (1) rhat crystals

have a characteristic shapeliness which distinguishes them from

other objects. (2) That there are certain kinds of crystals,

each kind being represented by itldividual specimens and (3) That

there is somecharacteristic principle connecting the regularities
observed within one crystal specimen and within all he specimens
of one kind of crystals. (4) That the different kinds of

crystals showdifferent degrees of regularity.

'roo formalism suggested by the founders of modern

crystallography applied to all four points simu.Lts.naously. it

sets up an ideal of shapeliness, by which i"t classifies solid

bodies int) such as tend to fulfil this ideal and others in which
no such shapeliness is apparent , :rhe first a.rJ crystals, 'OLe

second the shapeless (or amorphus) non-crystals, like glass •

.u;achindividual cryseal is taken to represent en ideal of

regularity, all actual JeviatiJns fr"lmwhich ar' regarded as

u" l,vant. This ideal shape is found byIBsumingthat

ap roximately plane surfaces of crystals are geometrical plan s
which ext nd to the str.aight edges in which such planes must meet,
thus bounding the crystal from all sides. '.chis formalisation

defines· a polyhedron which is teken to be the the?retical shape

of a crystal specimen. It embodies only such aapectsof th

specimen as are deemedregular and in :respect; t:> these it is l'6-

quired to fit the facts of experience; but otherwise howe'ver

widely the cryst 8.1specimen deviates from the th ory, this will
be pu~ downas a sh)rtcoming of t;ba crystal and not of the theory.

To each crystal specimen there is thus assigned a different
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intimation of a still hidden and greater significance, which the

primitive mind expressed by ascribing magical powers to gems,

Later, it stimulated the scientific study of crystals, which by

the close of the 17th century had established and elaborated in

formal terms the following four appraisals that are inherent in

any intelligent ap reciation of crystals, (1) That crystals

have a characteristic shapeliness which distinguishes them from

other objects, (2) That there are certain kinds of crystals,

each kind being represented by individual specimens and (3) That

there is some characteristic principle connecting the regularities

observed within one crystal specimen and within all the specimens

of one kind of crystals, (4) That the different kinds of

crystals show different degrees of regularity.

The formalism suggested by the founders of modern

crystallography applied to all four points simultaneously, it

sets up an ideal of shapeliness, by which it classifies solid

bodies into such as tend to fulfil this ideal and others in which

no such shapeliness is apparent. 'The first aro crystals, the

second the shapeless (or amorphous) non-crystals, like glass.

:ach individual crystal is taken to represent an ideal of

regularity, all actual ievlations from which are regarded as

iiiilevant. This ideal shape is found by assuming that

ap,roximately plane surfaces of crystals are geometrical planes

which extend to the straight edges in which such planes must meet,

thus bounding the crystal from all sides. This formalisation

defines a polyhedron which is taken to be the theoretical shape

of a crystal specimen. It embodies only such aspects of the

specimen as are deemed regular and in respect to these it is re¬

quired to fit the facts of experience} but otherwise however

widely the crystal specimen deviates from the theory, this will

be put down as a shortcoming of cbe crystal and not of the theory,

To each crystal specimen there is thus assigned a different
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ideal polyhedron and crystallographic theory proceeds next to

discover a principle characterising Gheregulari~y of these

polyhedra. 'l'his principle is found residinG in the symmetry of

cryst ....Ls, 'Symmetry' is a word wi(;h connotations almost as \'lide

as 'order'. whenapplied to objects wem~ use it to

distinguish an unsymmetrical face from another having perfect

symmetry. A scalene triangle is unsymmectrical, an isosceles
triangle is symmetrical but an equilateral triangle is more
highly symmetrical than the isosceles triangle. ~ymmetryis

used here as a standard to which observed objects m~ ap Jroximate

and which can have diUerent degrees of its ownperfect quality.

.. 7. OJ.lhiskind of symmetry implies the possibility of
transforming one part of a figure or body into another part by
applying to it a prescribed operation, such as mirroring. ~y
mirroring a right hand 1 can transpose it in:;o a left hand hence

a body with tW) hands is symmetrical. The fact that an equi-

lateral triangle is more symme;trical than an isosceles m~ be

expressed by poillting out that it has three planes of symmetry

instead of one. Alternatively, we m~ intr:>duce a new symmetry

operation by observing that the a:j,ullateral triangle can be brought

to coincide \v1th itself by r:>tating it by 1200 around a vertical

axis passing through its centre. Nomay readily think of

symmetryopera~ions for ocher regular figures and in extension of

the sameprinciple, also for regular polyhedra.

'L'heexample of the equilateral triangle shows that the

presence of thrall planes of symmetrycrossing each other along

one line and forming angles of 1200 with each other will turn

their crossing line into a threefold axis of symmetry. :the

geometry of regular solids explores such relationships between

co-existing elementary symmetries and det mines the possibilities;

for combining such symmetries in one and he samepolyhedron.

~he principles of crystal symmetrywas discJvered by assuming
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ideal polyhedron and crystallographic theory proceeds next to

discover a principle characterising the regularity of these

polyhedra. This principle is found residing in the symmetry of

crystals. 'Symmetry* is a word with connotations almost as wide

as 'order'. when applied to objects we may use it to

distinguish an unsymmetrical face from another having perfect

symmetry, A scalene triangle is unsymmedtrical, an isosceles

triangle is symmetrical but an equilateral triangle is more

highly symmetrical than the isosceles triangle. Symmetry is

used here as a standard to which observed objects may ap; roximate

and which can have different degrees of its own perfect quality,

7# This kind of symmetry implies the possibility of

transforming one part of a figure or body into another part by

applying to it a prescribed operation, such as mirroring. By

mirroring a right hand 1 can transpose it inco a left hand hence

a body with tw> hands is symmetrical. The fact that an equi¬

lateral triangle is more symmebtrical than an isosceles may be

expressed by pointing out that it has three planes of symmetry

instead of one. Alternatively, we may introduce a new symmetry

operation by observing that the equilateral triangle can be brouÿit

to coincide with itself by rotating it by 120° around a vertical

axis passing through its centre. No may readily think of

symmetry operations for Ooher regular figures and in extension of

the same principle, also for regular polyhedra.

The example of the equilateral triangle shows that the

presence of three planes of symmetry crossing each other along

one line and forming angles of 120° with each other will turn

their crossing line into a threefold axis of symmetry. xhe

geometry of regular solids explores such relationships between

co-existing elementary symmetries and determines the possibilities

for combining such symmetries in one and she same polyhedron.

The principles of crystal symmetry was discovered by assuming
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that crystals contained only six elementary symmetries
(mirroring, inversion and twofold, thr ef'old, fourfold, and

sixfold rotations) concluding therefrom that the ;2 possible

combinations of these six elementary symmetries represented all

distinct kinds of crystal symmetry. Operating wi thin this

system of symmetries "the law of rational indices which I

described earlier in this lecture, designates all possible ideal

polyhedra ,corresponding to individual crystal specimens.

The only sharp distinctions laid downby this theory is

that between the 32 classes of symmetry. fhey are distinct

forms of Iii certain kind of order. Just as the ideal polyhedron

@ of a crystal specimen, exhaustively represents "the regularity of

a cryst III specimen, so th.) class of symmetryinto which the

~polYhedronfalls. eXhaustivel;y represents the regularity of the
polyhedron. Just as "the same polyh~dron could fit innumerable

specimens disfigured by dif'rerent flaws, "the sameclass of

symmetrycan be embodiedin innumerablqpolyhedra constitu"ted by

an indefinite sevies of surfaces having an infinite range of

relative extension.

~ach class of symmetry1s a distinctive standard of

perfee"t order to which observed specimens approximate but these

standards possess different degrees of chair ownform of

perfection. The ;2 classes of symmetrycan be arranged roughly

in a line of descending symmetries, from the highest cubic to

the lowest triclinic class. The varlRtlon downthis series is

extensive aDd only the higher classes possess sufficient beauty

to make their specimens valued as precious stones.

Wehave bere, in brief, the exhaustive formalisation of

our appreciation of rvgularity inbcrystals, including that of

the existence of distinctive kinds of such regularities and of

the different grades of regularity represented by each kind. I
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that crystals contained only six elementary symmetries

(mirroring, inversion and twofold, threefold, fourfold, and

sixfold rotations) concluding therefrom that the 32 possible

combinations of these six elementary symmetries represented all

distinct hinds of crystal symmetry. Operating within this

system of symmetries the law of rational indices whieh 1

described earlier in this lecture, designates all possible ideal

polyhedra corresponding to individual crystal specimens,

The only sharp distinctions laid down by this theory is

that between the 32 classes of symmetry. They are distinct

forms of a certain kind of order. Just as the ideal polyhedron

of a crystal specimen, exhaustively represents the regularity of

a crystal specimen, so the class of symmetry into which the

polyhedron falls, exhaustively represents the regularity of the

polyhedron. Just as the same polyhedron could fit innumerable

specimens disfigured by different flaws, the same class of

symmetry can be embodied in innumerablpolyhedra constituted by

an indefinite series of surfaces having an infinite range of

relative extension,

.teach class of symmetry is a distinctive standard of

perfect order to which observed specimens approximate but these

standards possess different degrees of cheir own form of

perfection. The 32 classes of symmetry can be arranged roughly

in a line of descending symmetries, from the highest cubic to

the lowest triclinic class. The variation down this series is

extensive and only the higher classes possess sufficient beauty

to make their specimens valued as precious stones.

We have here, in brief, the exhaustive formalisation of

our appreciation of regularity inccrystals, including that of

the existence of distinctive kinds of such regularities and of

the different grades of regularity represented by each kind. I
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shall postpone a further analysis of the relation of this

formalism to experienoe until I have supplemented it by an account

of the hidden structural pattern of Vvilichit is today regarded as ,

the overt manj£estation.

edges exhibited by aorys~al is further reduced. 1'hese

8. fhe atomic theory of cr,ystals defining this structure

which was propheUcally mooted in the 19"thand triumphantly

vindicated early in the 20th century bas unified and greatly

extended the system of order entramed in the ~2 cle.sses of

symmetry. ~n this theJry the significance of the planes and

d~st~ctive features are nowrsgarded as merely indicating tho

• presence of an underlying atomic orderliness from which the 32

classes of symmetryand the law of rational indices can all be

rigorously derived.

'.l~e principle of atJmic orderliness is an extension of
•the concepWionof symmetr,y. If an operation which brings one

'part of a figure, into coincidence with another part of it is

defined as productive of a symmetry, a re~etitive pattern like

that of a wall paper maybe regarded as symmetrical in view of

the fact that its parallel displacement brings it .t;, coincide

witn it self, except f)r the edges, which we maydisregard if the

sheet is very large comparedwith the spacing f the pattern.

~he elementary symmetrypossessed by a regular repetitive

pattern maybe called translational identi ty; it can be

readily conceived of in one, two three or more dimensions. The

structural theory .:>fcrystals assumes I,hat they are built as

regularly repetitive three dimensional arrays of atoms,

Such arrays, when taken to extend in all directions to

infinity, can be readily seen to possess symmetries of the kind

observed in crystals, and it can be p~ved that they can possess

only th:Jse six elementary symmetries which are found in crystals.
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shall postpone a further analysis of the relation of this

formalism to experience until I have supplemented it by an account

of the hidden structural pattern of which it is today regarded as

the overt manifestation.

3. The atomic the >ry of crystals defining this structure

which was prophetically mooted in the 19th and triumphantly

vindicated early in the 20th contury has unified and greatly

extended the system of order enframed in the ?2 classes of

symmetry. in this theory the significance of the pXanes and

edges exhibited by a crystal is further reduced. These

distinctive features are now regarded as merely indicating the

presence of an underlying atomic orderliness from which the 32
classes of symmetry and the law of rational indices can all be

rigorously derived.

■fhe principle of at omic orderliness is an extension of

tfhe conception of symmetry. If an operation which brings one

part of a figure into coincidence with another part of it is

defined as productive of a symmetry, a repetitive pattern like

that of a wall paper may be regarded as symmetrical in view of

the fact that its parallel displacement brings it to coincide

'with itself, except for the edges, which we may disregard if the

sheet is very large compared with the spacing of the pattern.

The elementary symmetry possessed by a regular repetitive

pattern may be called translational identity* it can be

readily conceived of in one, two three or more dimensions. The

structural theory of crystals assumes that they are built as

regularly repetitive three dimensional arrays of atoms.

Such arrays, when taken to extend in all directions to

infinity, can be readily seen to possess symmetries of the kind

observed in crystals, and it can be proved that they can possess

only those six elementary symmetries which are found in crystals.
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vwing to certain alternative possibilities of regular atomic
structure not affecting the symmetryof the crystal as observed
macroscopically, the underlying three dimensional atomic patterns
can have 2,30dis'Cinctive rhythmsI which arc manifested in oD.1y
32 distinctive principles of crystalline regularity. The law-of'
rational indices is obtained from the plausible physcial
assumption i;hat planes which within a C1'j'$tal lattice are more
densely packed with atoms have a tenden(,1.,yfor appearing as plane
boundaries of a Cry8t0.1constituted by such a lattice.

By Xray analysis we can determine the atomic pattern of
a crystalline material without paying any attention to the

( presence of crystal surfaces, which maybe completely absent.
~he pursuit of this method has gone far towards substantiating
the existence of the postulated 230 principles of atomic order.

I am inclined to accept this achievement, end our whole
knowledge .,f crystal s ructures for mich sets the framework, as
the supreme vindication of the primitive attraction exercised by
crystals and of the intimation entailed in it of a hidden
-principle underlying their peculiar shapeliness.

+
Wemay~?wturn more closely to the question, on what

principles our acceptance of crystallographic theory rests;
whilo avoiding as far as possible the repetivion of what has

already been said about empirical conditions fJr our acceptance
of and cant inued bel ief in the rule of rational indi cea,

'..ahe theories of the 32 classes of E;YllIllletryand of the 230
repetitive pat erns called 'space groups' are geometrical
statements. AS such they speak in terms defined only by the
fact that they satisfy the axbms of the l;heory. he spatial
pictures by which we keep in mind ;;heir meaning;are merely a
possible model which embodies this meaning. However, geometry
even in the form of a spatial model, says nothing about

ttmurnm
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Owing to certain alternacive possibilities of regular atomic

structure not affecting the symmetry of the crystal as observed

macroscopically, the underlying three dimensional atomic patterns

can have 230 distinctive rhythms* which are manifested in only

32 distinctive principles of crystalline regularity. The law of

rational indices is obtained from the plausible physcial

assumption that planes which within a crystal lattice are more

densely packed with atoms have a tendendy for appearing as plane

boundaries of a crystal constituted by such a lattice.

By kray analysis we can determine the atomic pattern of

a crystalline material without paying any attention to the

presence of crystal surfaces, which may be completely absent.

The pursuit of this method has gme far towards substantiating

the existence of the postulated 230 principles of atomic order,

I am inclined to accept this achievement, and our whole

knowledge of crystal structures for which sets the framework, as

the supreme vindication of the primitive attraction exercised by

crystals and of the intimation entailed in it of a hidden

rinciple underlying their peculiar shapeliness.

+

We may npw turn more closely to the question, on what

principles our acceptance of crystallographic theory rests*
while avoiding as far as possible the repetition of what has

already been said about empirical conditions for our acceptance

of and continued belief in the rule of rational indices.

The theories of the 32 classes of symmetry and of the 230
repetitive patterns called •space groups* are geometrical

statements. As such they speak in terms defined only by the

fact that they satisfy the axi>ms of the theory. The spatial

pictures by which we keep in mind their meaning are merely a

possible model which embodies this meaning. However, geometry

even in the form of a spatial model, says nothing about
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experience. its acceptance rests on our validation of its
consistency, ingenuity and profundity. But it does bear
potentially on experi~nce, for there is always a possibi1iGY
that exper-Ience may present us with models for a geometrical

~uch experience may be contrived, consisting in an

poetic orocoss by which they were conceived. ~uclidean geometry

artificial model or alvornative1y, the incerpretation of a
geometry may be found in thJ natural ordor of things. OUr
conceptual imagination like its artistic counterpart, draws
inspiration from contacts With experience. And like the works
of imaginative art, the constructions of mathematics will tend
therefore to disclose those hidden principles of the "xperienced
world of which some scatcered traces had first s~imulated vhe

arose in this sense from eXf.erience, wh n Groek mathematics
devised a deductive system that seemed capable of being embodied
in the behaviour of observable things insofar as they are, 1n
approximation, ideal solida. We know also how this construction
proved deeper than its first understanding by its autnors. Like
a hen, terrified by seeing its brood of ducklings approaching the
water, ~ue1idean geometry insisted on the necessity of its
postulates, while its major scope lay open precisely by casting
loose from this ver,yassumption. When at last geometry
realised its capacity for modifying its axioms, it released such
new powers of conceptual construction chat it anticipated the

it'formal featur,es of r lativistic dynamics. Among the new
geometries that had thus become conceivable there was one which,
embodies in terms of experience, prov d to represent a system of'
dynamics far surpassing the hitherto accepted system in coherence
and power. When experience is taken to be an embodiment of
geometry, geometry comes to be regarded as the image of experience
and it may became possible to test its correspondence to
experience. The observation of relativistic phenomena has served
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experience. its acceptance rests on our validation of its

consistency, ingenuity and profundity. But it does bear

potentially on experience, for there is always a possibility

that experience may present us with models for a geometrical

theory, tiuch experience may be contrived, consisting in an

artificial model or alternatively, the interpretation of a

geometry may be found in tho natural order of things. (Jur

conceptual imagination like its artistic counterpart, draws

inspiration from contacts with experience. And like the works

of imaginative art, the constructions of mathematics will tend I
therefore to disclose those hidden principles of the experienced I
world of which some scat cored traces had first stimulated the

poetic process by which they were conceived. Kuclidean geometry

arose in this sense from ex erience, when Greek mathematics

devised a deductive system that seemed capable of being embodied

in the behaviour of observable things insofar as they are, in

approximation, ideal solids. We know also how this construction ■

proved deeper than its first understanding by its authors. Like

a hen, terrified by seeing its brood of ducklings approaching the

water, Euclidean geometry insisted on the necessity of its

postulates, while its major scope lay open precisely by casting

loose from this very assumption. When at last geometry

realised its capacity for modifying its axioms, it released such

new powers of conceptual construe cion that it anticipated the

formal features of relativistic dynamics. Among the new
geometries that had thus become conceivable there was one which, H
embodies in terms of experience, proved to represent a system of j
dynamics far surpassing the hitherto accepted system in coherence

and power. When experience is taken to be an embodiment of

geometry, geometry comes to be regarded as the image of experience I

and it may become possible to test its correspondence to
experience. The observation of relativistic phenomena has served
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as an experimental test for deciding whether the material

univorse was an instance of Hiemann's geometry fOl~u1ated in

space-time by .l:!iinstein,s rules (when combined with the sumption

of trajectories 'being geodetics.)

The 32 Classes of symmetry and the 230 space groups form

a geometric system which can be interpreted in terms of three

dimension~l relations between geometric elements. 'J!he32
classes define groups of polyh drs and the 230 space groups

define indefinitely extend~d patterns of poincs in space. 1!hese

Geometrical constructions were originally initiated by a

c)ntemplstion of crystals and speculations about their atomic

structure; hence they will tend to refer to these matters of

experience and it is in the following up of this reference by

observation that any empirical grounds for our acceptance of

crystallographic theory must be found.

+
We must deal separately with the ,2 classes of symmetry

erA the 230 space-gI~upa. J!'irs't as to 'the formar. There are

single class of t' 32 alleged to be possible. '.Llhoughthis

would non conflict with the system it might fatally waken it by

rendering it practically pointless.

1'11 thoJry of space-groups couId be invalidated by

experience only in tho la.tter way. lta claims to be e. complete

system of all possible a'l;omic lattices might; conceivably be
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as an experimental test for deciding whether the material

universe was an instance of Kiemann’s geometry formulated in

space-time by Einstein’s rules (when combined with the assumption

of trajectories being geodetics.)

The 32 Classes of symmetry and the 230 space groups form

a geometric system which can be interpreted in terms of three

dimensional relations between geometric elements. The 32
classes define groups of polynedra and the 230 space groups

define indefinitely extended patterns of poincs in space. These

geometrical constructions were originally initiated by a

contemplation of crystals and speculations about their atomic

structure} hence they will tend to refer to these matters of

experience and it is in the following up of this reference by

observation that any empirical grounds for our acceptance of

crystallographic theory must be found.

+

tfe mu3t deal separately with the 32 classes of symmetry

and the 230 space-groups. JJirst as to the former. There are

two ways in which experience might invalidate this formalism.

On the one hand i can cimagine a solid bounded by plane surfaces
and possessing a five fold axis of symmetry. This would

represent a crystal which does not fall into any of the 32
classes of symmetry, claimed by crystallographic theory to

comprise an exhaustive list of types of crystalline symmetry.

(1) The finding of such a crystal would conflict with the

theory and might lead to its modification. (2) Suppose on

the other hand that all crystals were found to belong to one

single class of the 32 alleged to be possible. Though this

would not conflict with the system it might fatally weaken it by

rendering it practically pointless.

The theory of space-groups could be invalidated by

experience only in the latter way. its claims to be a complete

system of all possible atomic lattices might conceivably be
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mistaken on geometrical grounds and this maybecome apparent
through the observation of a lattice which is n~t classifiable
in any )f the 230 space-grJups. ~ut supposing that the
geometric deduction is, on its own premises. CJrrect; then
experience can only teach us whether or not there are in the
world instances of atomic stirucrure which emb)dythese premises.
'1:heremay exist an infinite range of bodies which do not embody
them, amongthem even some (like disorderly s~lid s lutions)
which form externally well shaped crystals; yet this would
reveal no internal inconsistency and theref1re cause no
embarrassment to the theory.

could falsify this then'y.

l'hel'efore, no conceivable event

~he relation of crystallographic
the Jry to experience Ls simil .r in this respect to that between
alt~rnative g ometries to the actually experienced univ rae. I
have mentioned this parallelism in the previous sscm en, An
obvious difference bat\vElonthe two relations f tOO0ry and
e=-.erienee lies in the fact that iihere exists only one single
material universe which can serve as an instance of ne among
many possible geometries, while there exist a great many cr,ystals
ach of which is an instance f one out of 230 poss5.ble space
groups, eomprisino toget ..;)!' one unitary the~r,y. 'J.'here 1at ion
of theoI,'J' to o:lCpcrienceis in this respect mora akin to that,
bet",ElElna classificatory system, such as used by zoologists or
botanists and the specimens classified·by them. But in view of
the fact that the classification is based in the present case on
an antecedent geometrical theory of order, the relation between
the >ry and expe 'iance appears also akin t:) that established by a
wurk of art whie)l.makes us see experience in its light., I shall
nowsurvey these several affiliations and discriminations inrde:
to define the distinctive relation between 'l;he)1',Yam experience
f r the case of 'crysta~loer phic too >ry.

+

'the system of 2,30 space gr:>Upswas or19inally devell}j;?Eld
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mistaken on geometrical grounds and this may become apparent

through she observation of a lattice which is not classifiable

in any of the 230 space-groups. but supposing that the

geometric deduction is, on its own premises, correct j then

experience can only teach us whether or not there are in the

world instances of atomic structure which embody these promises.

1‘here may exist an infinite range of bodies which do not embody

them, among them even some (like disorderly solid solutions)

which form externally well shaped crystals; yet this tvould

reveal no internal inconsistency and therefore cause no

embarrassment to the theory. 1'herefore, no conceivable event

could falsify thi3 theory. fhe relation of crystallographic

thejry to experience is similar in this respect to that between

alternative geometries to the actually experienced universe. I

have mentioned this parallelism in the previous section. An

obvious difference between the two relations of theory and

ex erience lies in the fact that there exists only one singLe

material universe which can serve as an instance of one among

many possible geometries, while there exist a great many crystals

each of which is an instance of one out of 230 possibla space

groups, comprising together one unitary theory. 1'he relation

of theory to experience is in this respect more akin to that

between a classificatory system, such as used by zoologists or

botanists and the specimens classified by them. but in view of

the fact that the classification is based in the present case on

an antecedent geometrical theory of order, the relation between

theory and ©xpe -ience appears also akin to that established by a

work of art which makes us see experience in its light. 1 shall

now survey these several affiliations and discriminations in orde;

to define the distinctive relation between theory and experience

for the case of crystallographic tha >xy,

+

x‘he system of 230 space groups was originally developed
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in two successive stages. the first by Boncke ( ) and the

sec~nd by Fedorow and Schonfli~ss ( ) at a time when thore

was no method available for observing the arrangement of atoms

in cryst ale and there were no grounds to expoct that factual,
ins ...ances of ~he postUlated space groups could ever be identified.
'.l!hetheory of tihe 230 space groups was accepted by ma:thematicians

mainly on account of its geometrical interest, which was

rendered only a little more vivid by the fact that its conceptions
could claim to apply to the hypothetical orderly structure of

atoms in crystals. Before Laue's discovery of the diffraction

of xrrxys in crystals there was little speculation on t;he atomic
pat torn of crystals, and auch as took place was merely con-

joctural, evoking little response amongscientis s.

Boon a:ftor the Xra:y analysis of crystals first got under

wa:ytho the)ry of space groups was adopted as a guide to

systematic crystal analysis. By assuming that the geometrical

laws of the space gr:>ups gJverned the arrangement of -the atoms

in crystals the observed pattern of the Xrays diffracted by a
acrystal was interpreted in terms o~ hypJthetical pattern of

atoms in the crystals. On 'this assumption the Xray patterns of

different crystals were found to correspond t atomic arrange-
ments r presenting a variety of space groups, spread Widely

over the system of 230 theoretical possibilities.

These results did not stand by themselves, but formed the

framework of manifold investigations leading to a rich and

quantitat·vely determinate picture of the crystalline state.

Yet we ma:ytake the process of assigning a crystal to a space

group separately and regard it as a process of acquiring a

combined knoWledgeof the crystal and the space-group. The

possibility of this knowledge is implied by the theory of space

groupe aIid to this extent ita acceptance confirms the the:>ry and

..

14,
297

0

0

in two successive stages, the first by Soncke ( ) and the

second by Fedorow and Schonfliess( ) at a time when there

was no method available for observing the arrangement of atoms

in crystals and there were no grounds to expect that factual

instances of ohe postulated space groups could ever be identified,

The theory of the 23J space groups was accepted by mathematicians ,

mainly on account of its geometrical interest, which was

rendered only a little more vivid by the fact that its conceptions

could claim to apply to the hypothetical orderly structure of

atoms in crystals. Before Laue,s discovery of the diffraction

of JLroys in crystals there was little speculation on the atomic

pattorn of crystals, and such as took place was merely con¬

jectural, evoking little response among scientists,

Boon aftor the JCray analysis of crystals first got under

way the theory of space groups was adopted as a guide to

systematic crystal analysis. By assuming that the geometrical

laws of the space groups governed the arrangement of the atoms

in crystals the observed pattern of the Arays diffracted by a

crystal was interpreted in terms of, hypothetical pattern of

atoms in the crystals. On this assumption the Xray patterns of

different crystals were found to correspond t atomic arrange¬

ments representing a variety of space groups, spread widely

over the system of 230 theoretical possibilities,

These results did not stand by themselves, but formed the

framework of manifold investigations leading to a rich and

quantitatively determinate picture of the crystalline state,
y

Yet we may take the process of assigning a crystal to a space

group separately and regard it as a process of acquiring a

combined knowledge of the crystal and the space-group. The

possibility of this knowledge is implied by the theory of space

grou s and to this extent its acceptance confirms the theory and

m
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shows at the same time that the o.cceptance of the the::lry depends
to someextent on the facta.

tiero stands revealed a system 01' per-so nal. knowledge
referring to experience, t:l which the conception of falsifiability
seoms altogether inapplicable. J!'acts which are not doGcribed,
by "I;hetheory create no di:ft"iculty for the "Cheor.>'for it rvgards
them as irrolevQI1t to itsel:f. Such a theory functions as a
comprehensive idiom which cons)lidates that experience to Which
it is apposite and leaves unheeded wnatever is n~t com,rehended
by it.

:rids orJceas is akin tJ the taxonomist's perf:lrmance in
identifying a so110gieal or bobanscal, specimen. liUt it is a
priori and exhaustive. The classification of objects acco rd tng
1;0 a set of preconceived kinds implies an affinnation abouu
mau't;eraof axper-Lence which maybe noz-e or less far-reaching.

A classific~tion is interesting if it tells us a grea~
deal abouu an object once this is identified as belonging to ODe

of its classes. Such a sys"temis said to classify objects
acc';t>dingto 'I;heir distinc"tive nature. J!he disLinetiveness of
tho 230 space groups, like ;;ha~ of the 32 classes of crystal
symmetryrests purely on our ap reeiaCioL of order. J!he,y
emb10yin terms of speCific symme"triestho claim to universality
whichwe necessarily a"tte.ch t:> our personal conceptions of order.

1'hls order is not; apprehended by our sensuous 1ma;;ina~ion
but is defined conceptually by an 8p?osite f rmalism. ~his
discriminates it from the roalm of art, which i~ oth_rwise
resembles in sever 1 essen"tial respects. We have in bJth cases
an initial summarycontact with experience supplying the theme of
a eubsequenn creative performance. The elaborate deduction of
the systems of symmetryis validated in the first place by the
intellectual pleasure o:ffered by its internal contoxt; the
en;ioymentof its manifold ingenuity and 'the fascina ion of its
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shows at the same time that the acceptance of the theory depends

to some extent on the facte.

Here stands revealed a system of personal knowledge

referring to experience, to which the conception of faisiflability

seems altogether inapplicable. Faces which are not described

by the theory create no difficulty for the theory for it regards

them as irrelevant to itself. Such a theory functions as a

comprehensive idiom which consolidates that experience to which

it is apposite and leaves unheeded whatever is not com rehended

by it.

i'his process is akin to the taxonomist's performance in

identifying a zoological or botanical specimen. Hut it is a

priori and exhaustive. The classification of objects according

to a set of preconceived kinds implies an affirmation about

matters exf experience which may be nore or less far-reaching,

A classification is interesting if it tells us a great

deal about an object once this is identified as belonging to one

of its classes. Such a system is said to classify objects

according to their distinctive nature. The distinctiveness of

the 250 space groups, like Jhat of the 32 classes of crystal

symmetry rests purely on our ap reciatio: of order. They

embody in terms of specific symmetries the claim to universality

which we necessarily attach t our personal conceptions of order,

This order is not apprehended by our sensuous imagination

but is defined conceptually by an apposite formalism. This

discriminates it from the realm of art, which ic otherwise

resembles in several essential respects. We have in both cases

an initial summary contact with experience supplying the theme of

a subsequent creative performance. The elaborate deduction of

the systems of symmetry is validated in the first place by the

intellectual pleasure offered by its internal context j the

enjoyment of its manifold ingenuity and the fascination of its
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deeper implications, as yet only dimly perceived. Its status

So far is similar to that of an abstract \vJrk of art which

merely teaches us vO appreciate itself. However, all art makes
•us also see experience in its ownlight» and therein lies a

fur:;her process of its validat;ion. Similarly, the the ry of

symmetries validates and is Vtlidated by a wide area of

experience; it c0ntro-ls altogether the collection, descripl;ivn,

classification and structural analysis of crystals and is

immensely strengthened by this performance. ~ut this

application ,f crystallographic theo~ to experience is ooen to

the hazards of empil'ical refutation only in Ghesame sense as a

marching; song played by the band at the head of a marching

column. lf it is not; found apposite it will not be popular.

Crystallosz'aphic theory may in this sense be said to

tl'ansc<md the experience to which it applies. II; is not

assumed that real crystals ever have the properties of symmetry

prescribed in this geometric al theory; any more than

engineering assumes that a stoam engine can run wi thout friction

01' econondcaassume perfect markets to exist in reality. The

symtletries in question are idealisabions fr<>mwhich various

deviations are known.to occur which are systematically studied

as so manydifferent imperfections. 1'ranscendenco which

renders an empirical theory irrefutllbla 'by experience is a£

course present in every form of idealisation. The tho:1ry of

ideal gases cannot be disproved by observed deviations from it,

so long as they are of the kind which we are supposed to

disregard. Such idealisations dv in fact express an element

of the same contemplative apprecllitlon of' which the a priori

construotions and acceptance of a complete system of' symmetx·les

is a fully constituted oxample. ie can be lagUimo.tely

attractod by the concept of ideal gases only inasmuch as we
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deeper implications, as yet only dimly perceived. Its status

so far is similar to that of an abstract work of art v/hich

merely teaches us to appreciate itself. However, all art makes

us also see experience in its own light, and therein lies a

further process of its validation. Similarly, the theory of

symmetries validates and is validated by a wide area of

experience; it controls altogether the collection, description,

classification and structural analysis of crystals and is

immensely strengthened by this performance, but this

application of crystallographic theory to experience is ooen to

the hazards of empirical refutation only in ahe same sense as a

marching song played by the band at the head of a marching

column. If it is not found apposite it will not be popular,

Crystallographic theory may in this sense be said to

transcend the experience to which it applies. It is not

assumed that real crystals ever have the properties of symmetry

prescribed in this geometrical theory; any more than

engineering assumes that a steam engine can run without friction

or economics assume perfect markets to exist in reality. The

symmetries in question are idealisations from v/hich various

deviations are known to occur which are systematically studied

as so many different imperfections. Transcendence whic h

renders an empirical theory irrefutable by experience is of

course present in every form of idealisation. The theory of

ideal gases cannot be disproved by observed deviations from it,

so long as they are of the kind which we are supposed to

disregard. Such idealisations do in fact express an element

of the same contemplative apprecaition of which the a priori

constructions and acceptance of a complete system of symmetries

is a fully constituted example. tfe can be legitimately

attracted by the concept of ideal gases only inasmuch as we
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be1:bvein our oapacity of appreciating a kind of fundamontal

orderliness in nature which underlies some of its less orderly

appearaneea , Buc in the theory of orystal symmetries

idealisation goes beyond this. For the standards of excellence

w:lieh are develo ad by this system possess a muchhigher degree

of instriusic significance than the formu.la pv= RT may claim for

itself. It is not merely a scientific idealisation but the

f'orma.lise.tion of an esthetic ideal, c!:>sely altin to that deeper

and nevel' rigidly definable sOlnsibili ty by which the domains at

art and art-criticism are governed. rhat is why this theory

teaches us to appreciate certain things, regardleSs of whether

wem!l3find any of their kind in nature, as well as allows us

to criticise these things whenwe find libemto the extentto
Whichthey fall short of th~ stand .:~s which the theory sets to

+
Such dtscoursa is not ab'lut experience, but legislates for

experience, as it sets out !;;hecr1t01'1a by which experie!2ce shall

be appreciated. It is an exp:>sition of "ehesystem at ideals

which we accept for the pursuit of EllllpiI';l.calorystallography •

'ithin this pursuit we are committed to this sysliemof

idealisation and the exposition of the latver stands for a

c nfll'lD.8.tionof this commitment. Hiwover, the acceptance of such

a system maybe, as in this instance it once was, purely

theoretical, if' its int;erna~ context impresses us by its

ingenuity and the profundity of its yet unexplored imnlications.

Nemaythen pursue the study of our idealisations systematically

for its own oaltO, withouc closer interest in their application

to oxperience as criteria of its perfection. ',rhusa four-

dimensional crystallography might be deemed interestlng on

purely theoretical grounds, without any plausibl ho 0 of

finding an appl:1cation for it.

"believe in our capacity of appreciating a kind of fundamental

orderliness in nature which underlies some of its less orderly

appearances* UUJ in the theory of crystal symmetries

idealisation goes beyond this. For the standards of excellence

which are developed by this system possess a much higher degree

of instrinsic significance than the formula pv» HI' may claim for

itself. It is not merely a scientific idealisation but the

formalisation of an esthetic ideal, closely akin to that deeper

and never rigidly definable sensibility by which the domains of

art and art-criticism aro governed. That is why this theory

teaches us to appreciate certain things, regardless of whether

we may find any of their kind in nature; as well as allows us

to criticise these things when we find them to the extentto

which they fall short of the standards which the theory sets to

nature,

+

Such discourse is not about experience, but legislates for

e> erience, as it sets out the criteria by which experience shall

be appreciated. It is an exposition of che system of ideals
which we accept for the pursuit of empirical crystallography,

within thi3 pursuit we are committed to this system of

idealisation and the exposition of the latter stands for a

confirmation of this commitment. However, the acceptance of such

a system may be, as in this instance it once was, purely

theoretical, if its internal context impresses us by its

ingenuity and the profundity of its yet unexplored implications, j
d/e may then pursue the study of our idealisations systematically

for its own sake, without closer interest in their application

to experience as criteria of its perfection. Thus a four¬

dimensional crystallography might be deemed interesting on

purely theoretical grounds, without any plausible hone of

finding an application for it,
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13. ~e nINe staked out within tho exact sdences fields

in which personal knowledge takes an incre:' ingly I'Ominent part.

Looking back over this survey, in concluoion, te maymark our

acknowledgementof personal participat;ion throughout these

disciplines by amending the conventional distinction between

theory ail fact in favour of a d':'stinction between personal fact

and objective fact. I ben I speak of a fact 1 aly/ays mean

something 1 believe to be a fact. By describing it as u fact

I express my conviotion thalj it objectivoly exists. The facts
"

of classicS! dynamics are measured quanti es roforrod to by a

'the..retical fonnalism. J:hey are accepced as facts in the light

of this theory, but the theory itself is nor a feet of tho same

kin.d. It is not ascoz-cafnad by me:1suremoutbut accepted as a

resul t a:f our appreciation of it s rationali,ty. ,Ie might say

that it is not an objective fact but a personal fac". 'l'hings ta

which our personal knowledge refers such as 1;110numerical stated

probability of an event, simple integer pr.>!>,rtions obsorved by

measu:romentand tho symmetry of crystals and a omie patterns are

then all classed as personal facts • Juthough the difference
betw(>~nobjective and pers:>nal f'ac.:;s li~a nly in the degree of

our personal participation, ~his participation is so muchmore

marked in what J. have cQllod personal facts thai; the distinction

may justly bo t~en as one of kind.

14. This concludes my survey of the exact; sciences. I

shall proceed to consider the funct:i.oning of personal kn.JW1edge

in manifest at L 118 of humanintell iger,ce which lie beyond the

sci$ncos, in order finally to look at the performances of living

tbings in general, an t·) lay a foundation :for assessing, in

this conteXt, the responsible ac~ions of men, of which bath

science and philoso J~, as exemplified on the one haud by the

formal disciplines 1 have been examining, and on the other by uq

reflective app~aiBal of them, constitute bUI;a r.a.rrowsegment.
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13« We have staked out within the exact sciences fields

in which personal knowledge takes an increasingly rominent part.

Looking back over this survey, in conclusion, we may mark our

acknowledgement of personal participation throughout these

disciplines by amending the conventional distinction between

theory and fact in favour of a distinction between personal fact

and objective fact. When I speak of a fact I always mean
something 1 believe to bo a fact* By describing it as a fact

I express my conviction thac it objectively exists. The facts

of classical dynamics are measured quantities referred to by a
theoretical formalism. They are accepted as facts in the light

of this theory, but the theory itself is not a fact of the some

kind. It is not ascertained by measurement but accepted as a

result of our appreciation of its rationality. He might say

that it is not an objective fact but a personal fact. Things to

which our personal knowledge refers such as .he numerical stated

probability of an event, simple integer proportions observed by

measurement and the symmetry of crystals and atomic patterns are
then all classed as personal facts. .Although the difference
between objective and personal facts lies only in the degree of

our personal participation, this participation is so much more
marked in what l hove called personal facts that the distinction
may justly be taken as one of kind,

14, This concludes my survey of the exact sciences. I
shall proceed to consider the functioning of personal knowledge

in manifestations of human intelligence which lie beyond the

sciences, in order finally to look at the performances of living

things in general, an.: to lay a foundation for assessing, in

this context, the responsible actions of men, of which both
science and philosophy, as exemplified on the one hand by the

formal disciplines 1 have been examining, and on the other by my

reflective appfraisal of them, constitute but a narrow segment.




