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WABASH COLLEGE
CRAWFORDSVILLE. INDIANA

DEPARTMENT OF PHILOSOPHY

These "Richmond" lectures were given at the University
of Richmond, Richmond, virginia, in ~november, l90h, under
the Thomas Museum Lecture Endowment.

. “rhe records of that university show that Professor Royce
gave ‘three lectures as follows:
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The simplest and best known instance of order is fﬁrﬁished to ué'
by the fgmiliar‘éeries of the whole numbers. In discovering this
series the human mind made one of its first steps, and one or:its”

most impo*tant steps towards exact science. However we came by the

fldea of tae whole numbers,-- and of that subject I have notninv to

say on the present occasion-- we at present conneive of them as.a-

- fthe serles is followed by & ternm which is called the next member of

the ser‘es, As for -nstance, number 2 is followed by the number 3

'andZSO'on. . The series has no last member. It can be proved and

bas been proved in rscent discussions of the logic of’ mathematigs,;"'

that by increasing the whole number series simply in this ﬁay'ﬁith'

the additicn of a very few formal oonsiderations, one can proceed to

' _ters. . The series has a first term, namely number 1. Every téri'in‘]

deduce all those properties of whole numbers waich constitute the vastf'

science of the theory of numbers, including the whole of ordinary

‘arithmetic, so far as that aritimetic deals with whole numbers.

To the whole numbers thé human mind early learned to add the frac-

tions, salthough in the earlier stages of mathematlcs the conceptlon of

what a‘fraction is develops somewhat slowly and in most minds remains

comparatively obscure, even after considerable training in the use of

Anumbers. The rational fractions, such as 2/3, 9/10, and the rest,

form a very complex but very exactly ordered series of ideal objects.

If any two fractions are given to you, then by the simple device of

, raducinﬂ them to & common denominator you can tell which of them comes

earlier in the series of fractions than the other. The ' Beries of

»
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"geries of ideal objects, a series marked by certain pecullar chargc-;°-iA

e s
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' upon the 1’&c‘t that the numbers are objects that stand in precise order.if‘»”*7 

"fractions is arranged according to the so-called values of these frac-v*“

N

tions. Just as in the case of the whole numbers one can prove tnat the

scien«e of tqe theory of numbers may be developed simply by assuming

- the fixed order of the series of whole numbers, so one may say that .
" the v'vho'le arithmetic of fra.ctiens depends simply upon the fact that
frectiohs are ebjects which eanvbe dealt with in certain fixed order.
‘In fect,'qne-cen'at once say that the whole of arithmetic, algebra,
fangl&s;e,:--“thet ;s, the whole of ordinary mathematics apart frem'

geemetfyibeen he‘developed out of the simple properties of the ordefed.j_;"

series of ﬂhole numbers and of fractions. This very elementary~

. instance already illustrates both the nature and the 1mportance of the Jf‘

'conception of order. The exactness of mathematical science depends

ni
But mathematical topics appear to the unitiated extremely

'abstract and nany of you will not be disappointed if I turn to some-

what more‘concrete instances of order. As I do 80, I shall still cali;“

attention for the time being to cases where objects are set in order;
but where the order has the same character that one may observe in
the series of numbers, namely, the ebjects in question form a siﬁple
series of what is sometimes called a linear series, a series con-
slsting of a single row of objects. [:Take a glance at any foot rule,
or tape measure, or other~ecale used in the process of measurement.
What you see at once upon the scale is an orderly arrangement of
dividing points usually =accompanied by nuMbers. - Evidently the Whole

use of .the scale depends upon the precise order of these division

- points and the names that are attached to ‘them form themselves an

orderly series upon which all the knowledge that can he acquired

through the use of the measure depends. The thermometer that hangs




‘upon your wall derives again all its usefulness from theﬁp ge

red

serles of degrees named upon the thermometer scal houses?%ﬁiﬁézi?
side of the street are in ordered series, numbered in a way which ‘
’suggests to us in very marked fashion what the value of ordered
serles may be, But linear ordered series are not confined to ‘scales’
_ C%WP‘A or to rows of houses . The alphsbet forms a single and one dimen-e'
\{‘ sional series of objects arranged in a single TOowW. The ve}ieue
stages of any activitv that we can carry out, of any list of names
o thax we can repeat, of any orderly arrangement of the day s work
1 such series form instances of‘the type of order that I now, haﬁe
in.mind Series of thls type one might call artlficial since they

' are more or less due to our own activity as persons who are fond of

) getting our acts or our memories arranged in serial order but /nature'
'G%wﬁ 459 us g%f:§4 gﬁéber of series of facts who§%96¥%€r .%
of Mtwrt:n%foéxgc‘féﬁe gs%'é acga;.n many caseﬁ tor’ E

art. The human voice by its well known power to run up and down the ' 'f

scale furnishes to us a certain natural series of tones. These we o

can recdgnize in musical instruments, and to a certain extent in the |

tones of nature, and upon our power to recognize this tone'eeries:
depends a great deal of our skill in knowing and understanding the

\ facts with regard to tones. But the sounds that we hear are arranged

not merely according to the musical scale, they vary also in inten~
sity, a3 loud sounds or faint sounds, and any given sound can vary from
a greater to a less'intensity by gradetioﬁs which themselves consti-
'tute a simple series of the kind that we efe here considering. ¥hat

interests us3ax'present 1s the fact not merely that such a series ex-

ists or that it has in manv ways interesb for our feelings, we are

especially ooncarned with the faot that such aeries are of 1mnortence é

ORI S L S s i e s e p e+ e s s At e e
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tions Of tones. The dyinv away of & sound :1"1dicaﬂ'e¢l to us somethinv : L

' that may hawe'impartance

to our 1ntellevu. The* enab;e us ﬁo oonce*ve as we aay the rela-

2

n telling us unax tne 3 st n¢ch makes

e

ﬁheAsoana is movins ewaey from us. The innrease in the intensity of

',a.scund-may indicate the sppromech of an o Vt or &gn11 it may 1n

;for a kiﬂd of scieﬂtif .o knowlsdge whioh if less exsst th

f”a.itnﬁefieal kﬁaa ‘e,-eiill depends for its-rsasézasleﬁa‘

7 minds in & certazin serial order i

“jsimilar cond*txcns./r‘?s may hars nc‘ ice in pas Siﬂ hat a gar;}ef.guﬁﬂf'

'the world of our experiences cf 5oand is nut capable c'P an easy

WW%

Ficoces
o 16877 " The sounds of the klnd

nrese1*ed to us by nafurégin -orderl

. a;ranvament in’ anv ordnr‘vwayj 53? Zggin, tket many =ounds ars not
y &

that we call noises vary, to be sure, in loudness. They vary also

q—

more or less in pitch but they vary in many o*her ways that we cannot

so easily arranpe 1n series. Noises enable us to recognize,the

various things from which they come, but just bseasuse the noises cannot

easily be arranged in simple ssries as the-pitches, or the degrees of
loudness, our scientific kncwledge of the nature of the variety, of
the classificaiiog, and of the causes of noise, either remains very
much more confused and obscure than osur knowledge of musical tones, or
if we get suéh knowledge we meet with many obstacies cn the way and
where the obstacles are surmounfed they are surmounted by means of
devices which reduce again the noisss to some sort of serial erderz:)

Not only theltenes, but the impressions of the sense of sight

are‘capable of serial arrangement, These again differ in degrees




Nn‘}g;‘i-;_ /EZ&c?/éé dﬁ} 2%€Zé%g

of brightness. Thev differ also in color. Our color sensations arev‘

of such great varlety that the unaided consciousness does not easily
dlscover the precise way inh which colors are related to one another,
and our popular appreciation of color remains unsclentific. Oﬁr'A ”:4
scientifiec knowledge of color depends in part upon the fact ﬁﬁet by -

certain well known phvsical experiments we can form certain seriee.ef';f=‘

colors, namely the colors of the spectrum. Upon the basis of the dis-" o

vt o

covery of this series rests very much of our further scientific ec~ o
quaintance with the nature of color. In the spectrum we see our .
. colors arranged in order, and having once seen this order we are

*capable of making further investigaxions into the reletione amongst

?various color experiences that do not at first appear in the spectrum.-i:
If we turn from the worlg of the colors to tke world of the :
'odors we ge{jstrlklng ' G j?? he importance of order for all .
| our scientific insight. ~ Of the odors we have comparatively speaking
ery poor ideas, despite the wealth of experience that the sense of
: smell zives us and despite the very great interest that many_of us

‘take in the odor of perfumes, of flowers, or of foods; but the odors

in the present stage of science defy our efforts to arrange them in

orderly series, They are unlike the nuﬁbers, unlike the experience

of musical pitch, unlike the colors of the spectrum. ., They are f
:/ Zﬁﬁ%? ':
various, but they remein for our, experience disorde 7

Aeaaiy ows %"w tonimit e é‘m@t@;

i another realm of our experience order agai meets us, but

with increasing complications and difficulties which stand in the way f

of our defining precise linear orders of the facts with which we

deal. Our pleasures and pains, .our comforts and discomforts, form
to & certain extent series. . The pleasure that one takes in food, in .

music, or in a particular conversation, may be greater or less, may
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t'is it or is it not greater than the chagrin of one who has made a

so our pains too, our discomforts, are conceived as greater or as

less. But, on the other hand, we find it impossible to arrange all -

- pleasures‘in'a gingle row. It seems impossible to decide whether

a particular moral discomfort is greatef or less than a particular'

"i"find great difficulty in answering the question. A comparatively

slight sentiment of remorse, say for what we consider a minor fault, -

social mistake, or who condemns himself for 2 failure to show the kind..
of knowledge on a given occasion he thinks he ought to show? .In-}'
stances of this sort show us low hard it is to tell which of two dis-*f'

@&@%) S

increase or decrease, and therefore one naturally comes to conceive of

many of our pleasures as forming series of greater and less, and just =

aesthetic discomfort. If one is asked to be gquite sure where in the

: series of displeasures a given complicated discomfort stands, he may -

comforts is greater or less and to errange all our pleasures and pains’

in' a single‘series. For that very reason, however, the world of o

what we sometimes call velues 18 a world especially hard to reduce to

the sort of order that makes it the topic of scientific inquiry.-

There are many other ways of estimating values besides merely consult-

' ing our own conceptions of comfort or discomfort; The degrees of

social approval or disapproval with which our acts meet tend to form
series. The public dlsapproval with which a given kind of fault is
greeted seems to be greater than that which attends ‘some other failure
of duty, and in this way we get a kind of valuation series in terms of
which many people try coﬁstant1§ to understand what the true value

of their acts may be. But here again the complexity baffles us, The

erdicts of society cannot be arranged in a single series. They are

o
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‘;not like the numbers, thev are not like the tones, they are not lixe

.

Sy
I
$ .
S
l e
L

,‘gi';j'-f' j L ¥ y theAdlvision points on a scale. As the order grows more ccmpl*x
“our kno}vlédge tends t be baffled. ASC” ?11414-/1/9’: /21 2?’2:,;&{/%&
LTRAWN
~ But' the instances th I nave J“st been mentioning *ndzca&e to -

us thatf;n é%%%?& ggg whers we fall to reduce things to order by
| arranging them {‘ a single serigs, we may seek to cbt in al urde*—:
‘staﬁdifg of their nature by considering the relaé%%%,amgnpst various.
| series of objects. As soon as I nass'to thisg way ‘in which we'frequentQ:A“”
‘"hf  v1y endeawor to under°tand the natures of things, I at once come in -

*gnt of devie 3 which are ef the very ?$&ﬁ$5u sgrvics in he

. e e

Mﬁﬁ{ Z‘JQ/{V " :»’l,!’é':, -.:?‘}{’au’é" % LT T 447 fﬁ %@t@ PR
/sn1oa Egge tné% I é& dea_1n~ Wiuh a anber of dbgecta thai

dﬁyugyﬁ dc - nc% perm_ me to arrangs them sccording ag, Elsay t; any ;r‘nc4fl~f;f"'

A vj in a single series, ‘Suppose that I csan make two or msre, sometimss,';'
& /n::fénw '

such obJecus. It still remains possible for me to undﬂrstand these °

ndefinitely great number, of relatively independent series of

objects in thelr relaxgons if I can connect one Qf thsse series with .7
03 Wz, tgdz& A 2 i}

oiher in A4definite way. The fact that I can do this is espeeia_ly
Uzgested to me by a familiar process upon which as a fact much of -
he practical and scientific value of éerial order depends., If one
asks the question why are we sc fond of arranging objects in series, |

why does it help us to find things in a row at all, the instance

already cited of the numbered houses on the street easily furnishes
at least one answer to the gquestion. It is convenient that houses | . %
should be arranged in a single row along the street. It is con-

venient that definite numbers should be attached to the various houses;

and why? Because hereby as cone sa&s it is éasier to find a given
house, One knows how to procead from one house to another. ‘Qn94

can look up the address of ona's f;iend and know in what direction
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: _c;t ! ins gisen di*ection to reach a.given number, or whether my walk will

' 2LQ4%¢ «may have to go to a given hall, to a given alcove, to a given row,

'aed'hew.far‘eo walk te‘find'his hbuse.' But to mention this instence
of'the value of serial craer is at once to remind us that in this case
the velue in qnestion depends upon the fact that there areéggzyaistinct B
series of facts wa1ch in this case may be said to be correlated My .
habits make i possible Cor me to walk along the street in a given®
direetion.: But this walking along the street in a given direction

-is'ef itse{f a series of acts, - My habits make it possihle for me 5

: to rememver or to unde;stand the order of the houses on tne street ,s‘ v~§

......

pends uren tne ?ac+ tha& I ean correlaue the series of my acts in .

. Pamt) Uy P32

' wa.kinv elong the st*eets with the series of houseségﬁbigzgy_

\ ,@wwqammZhﬁwwm%Ae&&wamf'digcawv :
rjﬁﬁfmﬂi?"an answér the guestion as to whether I kave,go further still

-

%zzggg‘be a long one or a short one. - Such an instance as thls is one of the' i

simplesf cases of the process of the correlation of se%ies of which we

flnd instances throughout the who’e range of science‘z: In the library

;} / the» [ xs are ar”anged not only on a single shelf, but on many shelvest ‘ [

One finds the sincle bock not by considering its place in a single

é7 W series but its place in & very complex collection of series. One

to a given shelf in that row, and look in a particular way for a book

of a given number. , ' . f
Examples of this eoft 1ntrodﬁce us to the vast realm of complex .

orders and most cases where we speak of osgerfare=1nstances where more

than a single geries of facts are concernefg:) In this.case a moment's

thought enables us to say that we are helped in understanding the given ;

order, first, by the fact that eech sefies hes its own order, and o é

seoohdly, by the fact that the many series when taken together consti~
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€%§g; .v:r'f" ' ‘tute a single complex order. A complex order, however, consists in
| general of an interweawing or combination of various serles [énd

‘ hereaith we already have obtained a much more definite conception of
what order is than the conception with which we Dbegan. A:rangement -n":T

_ ‘a; means in the first place serial arrangement. Complicated order meens%‘

combinations of various seriei:) Let us consider a very few instanceslf;;ﬁ?

'{_ r6§*€£is type in order to supply ourselves with sufficiently varied

examples of our general concept of order. ‘ o
Cghdd7ﬁia//? A family tree in a treatise on genealogy constitutes an excellent

JL instance of = complex order., In such an order every descendant whoseff"*

name stands well ‘down in a series of generations can be connected

- with anyone of his ancesvors by some perfectly definable series which

you cen read off if you will examine the tree. On the other hand
various series lead you as you examine ‘the venealovy from one branch
of a family to another, from one person to a very distant eousin, but“'ﬂ
meanwhile a glance serves to convince you that. the tree as . a whole isi
formed of a certain number of what you may call fundamental series of"
facts arranged in a precise way. The tree for instance,shows:the
;descent froﬁ an ancestor who is regarded for the purposee of_this”_'
genealogy as the beginning of.the family. Several children of this
encestor are mentioned, Each one of these children has desoendants‘

and if you follow aleng any particular branch of the family you get a

single series, but meanwhile, owing to the fact that there are many
ohildren of the same generation, the new eeries-take”tneir‘beginning*
in e:ch generation and run side by side, ' Meanwhile when the order
. B 'is all together before you you can yourself creete as it were new series
in the order that you find, and tkis is what you do if you ask how two

very distant cousins are, as you say, connected. Here as you see &
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.series of notable events such as the births and deaths of kings may be

complex order depends upon an. arrangement of various series together.

Chronology as the hlstorians develcp it is a somewhat similar. R

complex order by means. of which historians conceive the variousnevente"f

" that interest them with reference to time. ‘Here everything depends"L

upon recogn1z1ng what one may call one fundamental natural series,‘

the time series itself. The years follow one’ after another, and

that series is a given fact behind ‘which the hlstorian does not Lf; R

attempt to go. To this series the historian correlaxes the various }'f

facts of any one historical seouence vhich interests him; the history

: of Egjpt the hlstorv of Greece, the hlstory of China; the histor-z'_"_'

. any staxe in Europe, may be ‘thus considered and in such a hlstorv some

seized upon for examination. This series is first correlated with o

the series of years. Such processes having been accomplisghed in

case of many series, one has then & chronolcgical system of the his-’; 

tory of the world or some portion of the world, and this svstem enables:ﬂ

the historian to mzke as many new correlations as he pleases. . So

‘that before long one is considering how the events in Babylonia are’

correleted with those in Egypt, or howvthe kings of England are related
to those of France. Here the entire science of chronology consists

of serial and therefore orderly, arrangements of facts. Such cases

as the family tree snd the historical chronology may make you suppose

vthat complex orders of the type I am now considering have 8 merely

formal interest. They ensble one, you may say, to commit facts to
memory, but do they assist one in the scientific understanding of the

nature of things? Well of course even in the cases just mentioned,

one's comprehension of the nature of things is certainly aided by know-

ing thax two. events are contemporaneous or that certein children were

A g -
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'tne descen danus of some common ‘ancestor.,

But we may turn from such formal instances to sciences that do

their,last Consider the kiné of order the astronomicsal science
, AdiSCC?E.S in the hegvens, . Astronomiecal science bsgan with observirg'
. the seriezl grde.s gf the positions of single plansis, and of hnaﬁsnlv

uct as the aun ara mccn.' This simrle series came 1n the

"jcourse o; time +o ba corze;afea SO uﬂai on= cou;a preaict what pnase

'f:or even perhaps an eclipse ef nhe sun. A1l &stronomécal knowledge

179; our own so;sr aystew has ever gince deppnded unon cur 1ncreasing

knowledge of such series and of how they arevca elated._i But the
heaﬁenly bodies‘haxe been from & very early stage the very type to _
manbird of a world of order. It is very likely if we had been f*:;’”
unable to see the heawenly bodies we should not hame obtained the'
' soncept on of natural law anywhere r early as S00Nn &s we hawe obtained
it. Medern asfrvnonﬁcaA science is now deallng wzih problema far more

complex and difficult than taose which the soler systen presents._

Now~a-days one is inquiring into the constitution of the whole stellar"

ﬁystem, inte the types of sters that are there present, into the laws
that‘govern their appesrsnce, their brightness, their physical coﬁsti-v
'tution, their variations, thelr dist;ibution,'and even their whole
evolution. But how does oﬁe proceed to acquire a knowledge on these
vest and difficult toples? One learns to arrange facts about the
stars in serial order and these sgrial orders grow more and more com-
piax and'mcre éﬁd méré vériously correlated as one procégds. The

sterg veary in brightness. The medern agtronomer deals amongst other

indeed undertake not merely té report and arrange facts but to explain‘

hs @moor wou d haﬁe uR a gi n day,, or wkey knowladge grew greate*

3ﬂvneu14 d*sc;ver c wh st dav an enlipae of _th» zeon mi ght b° expected.;,fg.u
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~ things with such questions a8 to how the stars of the various degrees'
of brightness, or as we commonly say, of the various magnltudea, are
distributed. Are the stars of the fainter magnitudes very much more -
numerous than the stars of the higher magnitudes? Does the numper of
the stars of fainter magnitudes increase as rapidly as cne would expect
1t to do in case the stars sre somewhere nearly of the same actual '
size end are distributed in gl1 parts of the heavens? Or do they
cluster in certain ways and if 80, according to what laws are they T' 
‘grouped? The physical constitution of the stars is in s great measure-~
reveeled,to us by a study of their spectra, What ;eriee_oflspectrq_._;i
can speetfoscopie.exeminafion of the stars reveal? Do ali‘the'Stafﬂe;;7
belong to oﬁe type, or ere there humerous fypee of physical censtitu;:?;f“
tion revealed by various types of spectra, ahd if iﬁ fact thefe afei. .
fsuch various types, in what serial order ‘can they be arranged and
 how’ shall thls order be interpreted’ ¥hat light does it throw if any
upon the physical processes wh*ch led the stars to become what they '
now are? Certain stars vary in brightness, in more or less regular
periecds becoming more snd more luminous and gradually.fading away,

or again, remaining steady for a long period and then for a brief period
being almost extinguished. What are the various serial orders in
which these phenomena occur? Again, as to these various stars,. all

of which are variable, do their_wejs of variat;on‘again form series so
that some stars vary in one way, while others vary in another, and

while still others lie.betieen these two fypes? ‘ Upon the ansﬁer to
such gquestions depends & knowledge with regard to the causes which

mgke the stars vary in light and this knowledge, difficult as the
problem ig, is constantly growing. in a case like thia you have'an

investigation relating to many of the most stupendbus, remote, and‘
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\problemamlcal facts of the phvsical world. The success of {his

_1nves igation entirely derends upon the power of the astronomer
to arreange observed facts in certain series. Some of these like;

the series of the brightnesses of the stars are so to speak forced

. upon him immediately by the observed fact that‘some stars ére N
bright and others faint. Others of these series are 8o to speak :
much more artificial. For fhe different types of spectra ﬁhaf_i'
_rﬁhe stars when examined by a spectroscope show can be_arrangedAio;
““eerial_order only according to principles which the aatronomeri;:zlia;ef
?himself must more or lese invent. Nevertheless whether fhe.eeriee';2f2 

are natural or artificial upon their formation, their correlation;i

v and the study of what results, the progress of modern astronomy
-depends -and alwavs will depende
What the astrononwr does in his world resembles after all

what you find the chemist doing in his, A very slihht study of

ohemietrv will show you how 1mportant the conception of series is a
at every stage of the great acience. The chemical elements theme:‘;
selves form a series or ratker they can be arranged in a.complex..
order which involves several related series. - Uﬁon the formaxion,.
the study, and interpretation of these series momentous problems |
of chemical theory depend, If one turns from such sciences in the
apparehtly lifeless world to the world of naxurel history one still
meets the same characteristics. Serial order is the first thing
ithat a scientist seeks to establish. .'Correlaoione of series are the
basis of all our higher knowiedge of the'connections of facts. Order
means the existence of complex systems of interwoven series. Our

scientifio knowledge is & knowledge of the relations of such seriles,

In terms of them we find facts, we know how to name them, we know

o Y P U . f e e e et e
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how to find them again when We need them, we le&rn how to measure ii\\\‘

o AU AR,

them, we lea;n how to discover the conditions wn1ch~determine the
vafiat;dﬁs to which facté afe,subject. Every lag‘with_which we

are agéuaintéd, if it ié an exact law at all, relates to.the éeriai~‘
6rder of facts or to the connectionsfamcngst geries, and this Iiséy is
Jas true in the world of living forms»as'it is in tﬁe world.bf,thg'wi"¥,_*?,V*

stars or of the chemical elements.;, I mentioned in the early ?art'“

d?zgfg of +his lecture the way in whkie aiééelegist views the facts tdab ha?;ff"
. ﬂ”i'to do with rock formetions and mountains. .4 very glight acquaiﬁ=?7 -
-:;f:tance With ‘geology shows you tham the entirs science depehds upén
Ef3discovering the serial order ef certain facis. The geolevist has‘
:f:his Lind of uhronology. ~ One formatzcn sncceeds aretner. . ‘Eo‘--
d ifferent formations in differsnt parts of the worléd ere umra or LEDS
exactly contemporaneous or at any ;ate belong to the same general P
8eolovical period, ‘ Here as you see yOu heve on one hand the ser.es.f: |
of geological formations and on »ne other hand the cerrelaxions of
various series as they oceur in different paris of the world; . Every..
v'expianaxion of geologlical fermations depends upon the estsblishment
of a simiiar series. .If we were to pass from the world of natural
ﬁhistory‘back agaln nearer io the practical world, to the world of
social affairs, you would again see how the establishment of serial
order among facts is the key £é évery exact comprehension that we

have of the connsctions of rabts, in society &s in inorganic nature.’

‘Ybﬁ would also see how eur.inability to discover certain Series which
we should like to be able to know in cﬁr study of social phenomena
lim*ts our pcwer to com@rehend the- worxings of aociety.

— But I will not weary you here with further illustration. We

set out to find out what order is. We have found that order in its

Hensih
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simplest form consists in the existence of certain linear series such.

as the Series of numbers or "the series of the division points on a

scale. We have found that all more complex instances of order are

‘complications made up out of series. We have already seen in a

measure whay serial order is so important. It is because in so far

as we concelve facts in series we are &blé to find the single fact in -

ts plaae and %o unuerstand definitely its relatiom to other facts.

- ¥e have further seen that our knowledge of the laws of qature is veryff:,J‘

", larzel dependent upon our power %to correlate ser*es. : Thax»ia, to

e B, -

: .find;;' "what fact in a g;ve series is aqagesga’ in a given wav withf
a4 ad :Llloﬁ4627/€b:?¥j/‘k¢¢754c7a42441?404422 3¢

n gome other series., And 8o t4én " we may say to reduce things

'to order is to arrange them serially and to apply similar'proqqsaes
%o the arrangemenf of these series so that out of vafioﬁsséé%iés aﬁi:?“"
complex but still orderly system fesults. We see +ha.t in so far as f"
 we have science we succeed in arranvinv our ideas of things in this

- way in our minds. We see tnat nature helps us to form thege‘series 

of ours by preésenting to us 1h 8 large gumber of cafes facts phat as -
it were coms to us élready.arranged in series. But we see that iﬁ
many other cases nature doesvnot come in this way to 6ur aid, but on
the contrary furnishes to'us_facts that appear disorderly. In such
cases our undersﬁanding depends upon our power to form arﬁificial
gseries which 8%ill more or less represent the true nature of things,

We then find that all our further power to compréhend the order of

things depsnds upon our gkill in bringing into relation these various

series, in correlating them, in linking one part of one series to a
gi?en part of anothervseries according to some definite principle.

Sciance then has this in common wifh housekeeping, with the
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:I have. speken of the series of the dividing points'of a scale, I

.:  have mentioned numerous other cases of whax we call series of facts, .

’the question further and with you ask whax constitutes a series?

. ccllestion. It is a collection that is obviously characterlzed‘by ,gﬁ

) Rt

'arrangement of dinner parties, with the orderly conduct of a railway

business, with the act1v1ties of the courts of law, with all in fact

that is rational dbout our lives, sclence namely depends upon findlng

or making serial order. ‘ ‘ . S

But the generalization whicn we have thus far made is after all

not very enlightening unless we are sble to understand a little better

- what we Qean by a series itself. I spoke of the series of numbers} o

'“f'but just as I before asked what is order, and have now answered order,fflf:" PR

is arranoement in Series or in systems of series, so now I must press?

By series cne . pla;nly means a collection of obJects. A single objectfﬁ:
formsvno series., Two objects can hardly be said to constitute a |

series, Three objects you can arrange in series and any greater

number may constiuute a series. But a series is a partlcular kind or;v”ﬁ

something very much like a law. To be able_to count already teiis ﬁe”"
something &bout the laws of numbers. It is very common to speak‘eff )
the law of a series, ﬁevertheless the term "law" is somewhst'tee
Yroad ans vague a term to assist us in comﬁrehehding Just what 13

meant by that arrangement of objects which constitutes a series,

Because the matuer is decidedly important for our subsequent under-

standing of the princ;p es and the meaninv of science, I must venture i

to trouble you as I close this u;scussion with a few very highly "

technical considsrations, simple, but like most lovical matter at first

ssgnt very ary and uninviting.
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‘ Plainly the objects wh;ch constltute a series are in some notable'

" kind of relation to one another. To understand what I mean by series

depends then upon a still more fundamental conception. It depends .

upon understanding what I mean by a relation. Now nothing is more

<familiar to the intelligent mind than the relations of things. » Your L

family life depends upon relations. Relation of brother and sister,

of parent and child, of hnsbanu and wife. All commercial and social

_life involve relations. To know where you are in the world is to know 7f
'-your space relations to other things. Every form of exact knowledge
: 'is a knowledve of relationships. But if ggain you ask me what relar

'tion is, I flnd it difficult to tell although nothinv seems more

discussion to answer all the philosophical questions that - may be

raised about the nature of a relation, but this I may at once say.

‘2 relation considered as the relation of anything you please to anything

else, a relation such as that of a brother to a brother, of a debtor

to a creditor, of an equal to an equal, of a king to a subject -——-a

" relation, I say, is the character that a thing possesses when that
" thing belongs to a certain collection and where the thing loses it

in so far as the thing can get out of that collection. Thus, a member

of a club has a certain relation to the other clgb members. That
relatiog belongs to him as‘long as he belongs to the club. 1f he
leaves the club the relation lapses; The king has a certain relatioen
to his subjects. It exists because the king and his subjects form
particular kind of collection.'_ If the subjects rebel or vanish |

the king loses his character,-— no longer hae his relation,=-- ceases

to be a king. The fect that objects can possess certain characters

when they are in certaln collections and lose these characters when

familiar if you do not ask me.&é{% will not attempt in the present }Lft; v
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"they leave the collections is a fact that for the time being we shall

regard in this discussion as fundamental. So much then sbout rela- .

tions in general. Now as relstions are a very familiar fact sc they
quTQjTicgi;vzi9
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- to try tbfc aé zf taen.- Eet far our present purposas there iz one”

_cla sif*ca i f ra-amlcﬂs h‘t it is necesssary for me to make, .

bec suse if we understund tha, c;assi;icagion we shall be zble to R

undersuanu Fa ter tne ﬂatu'e of seriés, aai 89 beﬁte? {he w nc&e

tical ,: Relaxions might first be cl assified abcording to the size of ;

‘genera; 8 grEum_manj subjzy e, enﬁ cne who declared taat hé was a.hlng,

but who lived on a deseri 1sland with only =a single subject, would not

appear to us to be worthy of the name. Exavtly how many subjects a
king must have in -order to be a king, we c&amot say, but kzngship is
a»re;axionship that involves a de*idedly large collﬂction,  Inst anceé
cf gimilar and nore definité.colle tions w;»h attending relauzonsnips ”
we see in the case of sguch cgllectiOﬁs 83 a basebell nine. The
pltcher of the nine'stands in 8 definite relation %o every cther
memberAcf tpé nine. ‘His pesition as pitchér then determines a systeﬁ
of felatioﬁs which belong to him in this ccllection, and which he
would lose if he were no longer a member of the nine; buﬁ thé
relations themselves belong to him &8 a8 member of.a certain group
consisting of the nine itself and including perhaps the substitut?iZ)
The size of this colleotion is lim ed._ Some relationsg are char-

acteristic of collections of three objects. Thus, if I tell you that

n a sensé 3 ¥ery va_ri"o 3 facté}i It seems at first sight hopeless -
: f :

.
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- on a bench there is one nan who 1s between two other men, ‘you ohserve

) that the property of being between is a property that belongs to one f

member of a collection of three. yaady the most familiar instances.""

of relationship are characters that an object possesses as a member

'frbof a pair of objects. Some people are fond of limiting the use of.'

uﬁffthe.term to this case. As a fact such limitation is unfair;kyet_on _ (_”

} 'Ti;ithe other hand pairs of objects present certain relationshipsnwhioho:
']'fare extremely ‘familiar and which especially interest us 1n ordlnary

>ihlife. Thus when I say that A is in front of B, I mention a characters“::

hiénthat A possesses as a member of a pair wnlch pair consists of A and B »
"ahSimilarly, when I speak of A as a debtor of B or as a lover of B I

'mention each time a relation which exists between two obJects, or

rather a character which belongs to one of them as a member of this

pair of oojects. Now such relations existing within a pair of

objects onlv sometimes get the terhnical name of dyadie relations,

and as I saild, dyadic relations are a most familiar one and most such'f

relation names as friend, lover, father, servant, debtor, creditor,

_enemy, etc., are names for such relations. Let us hereupon fix our’

~ attention upon these dyadic relationships and observe how they may be-

clagsified. There'is one classificatlion which has great technical

interest and also a very obvious practical interest. If two obJects

constitute a pair, they may be on even terms as members of this palr
or they may be in some sense unequal members of this pair. Thus if
you are speaking of the world of man,.and you say that A is the
brother of B, then at once in this pair B has the same character that
A has; B is the brothervofIA, and that is the nature of the rela-

tion. It is what one may'also call =» reciprocal relation, It 1s

e bt e e e



l,‘of which the two members of the pair in question are not on the same -

'ianother and more technlcal way of namin~ the distinctions.between

W)’i Rt

'a relation such that 1f one of the members of the pair has it, the

other also. has 1t in the same sense., Again, if for any reason you |
say that A is the equal of B, you say that B is the equal of A, The
relation of equality is reciprocal or mutual. But there are dyadic .
.relations which are distinctly not mutual or reciprocal. . Thus if E
Ais the:debtor of.B B is in so far of course the creditor of A,

and tae relations of debtor and creditor have a sharp contrast, It
A is the superior of B B is the inferior of A, If A is greater than

:B B is less than A, Now relations of thls sort, relations in respeot
level are not equal ‘are called non reciprocal relations. There ie

ithese relations’ which we shall here find convenient.e The relations =

of the first type which we have called the reciprocal relations are
“often and convenientlj denominated symmetrical relations.< Such I
'repeat are the relations of brother, friend, equal, companion. ybu
. must observe at once that these relations have a certain practical

intereeting character. They are relations of comity. They are the

relations of the type which we sometimes hawe in mind when we speak §'

of fair play, or of even Justice, or of something of that kind,

Nevertheless these relations are of very great importance as you shall

. . apply. The relations of the other type are called unsymmetrical.

see in reglons of thought to which such practical congiderations do not %
l

They are, I repeat, such relations as debtor and creditor, greater
and less, higher and lower father and son, etec.

So much for a very simple classification of dyadic relations which
in a moment we snall find very important for the purpose of under-

standing the nature of series, I now am obliged to trouble you with-

£rd




‘anOuner classification of relations A relation M&J hold within

& pair oP objects and there may be another pair of objects within which

the same relation again holds, and now these two pairs of objects. may

‘ have a member in common. . Thus for instance A may be the friend cf

B, B may be +he friend of C. Again A may be the equal of B, and B

ﬂ: may be the equal of c. Or A may be tne Gebtor of R and af be he

‘debtor of P Whenever such & siuuanion appesrs the relations in

'-qnestion may have one or ancther of two very markedly istinct shar- -

'3_acters. COnsider Por 113tance the relat101 cf eauality."tAsﬂtheg&'

ﬁ.say, t*ings equal to the’ same tnl1? sre equal to sach other. - 'Eéica;gj

?that A is the egual of c. The relaxion of equality is uhen one which
enahlps me to do what Professor aames has callea skirping intermedi—{‘”

' aries. “: When I once know that A is the equal of B, and B is the

equal of C I can skip B altogether and say at once that A is the

equal of C. Now there are a great many relations of this type._

The relation of greater and less for instance is of this’typé. "If

- A 1s greater than B, and B is greater than C, A, B and C being for

 instance quantities, then A is greater than C. I can here skip

the intermediary although I am no longer dealing with the relation of

equality. If B is to the right of A, and C is to the right of B

on the line, then C is to the right of A and the relation of "to
‘the right of" is again a relation which enables me to skip the inter-
mediary. If B is in front of A, end C is in front of B, then C is
somewhat remotely of course, but 2till really in front of A, “and here
again is a relatlion which enables me to skip an intermediary. Rela-
tions of this sort have & technical name; we call them transitive.

relations, They are relations which enable us to skip intermediaries

;L.fif Ais the eqaal of B and B is the eqaal o? c, it felleﬁs i evitab;yf.ff?




and to éroceed to certain conclusions. You will observe'ai bnce.&.

that such relations can be themselves either symmetrical or unsymmet-

'r;cal. Thus, eguality is a symmetrical relation, but since it per- -
mits me to skip an intermediary and the reason that if A eic., equality

is alsgo & transitive relation. On the other hand, the relation of -

. gregter *ni leza is usymmetrical, but it is ttransitive, and’'in so far

ig like the re’ation of equality. 3But some relations, both symmet—.;”;:*gﬂf

*éai avd un ymmat‘ical sre not of the transitive type. Thus, ir

A is tne father of B, and B is *he father of C the relation of

';’asherﬁao prcvps to e hc ransitive for then A ;s vab the father

':‘ﬁﬁbat thﬁ grand;ather of C, On the other hand, the relation of an-

| cestor and descepdant is transitive, If A is an ancestor of B, and B i

' i_s an ancestor ¢ C, then Ais an ancestor of C.

Herewith we reach another classification of our rélaxidns. '-SqmaT’

| of them are transitive, and some of them are intransitive.  This N

classification again has a very great practical importance; Upon:
transitive relations depends our whole power to arrange our world in

linkages, as it were, so that by intermediate steps we can pass from

one thing to another. 'Every chain or rope is an example of a sort of -

trangitive relationships. 'If you pull the end you pull the middle,
and thersby you pﬁil the other end. ir youvmove one link of a chaln
you move the next,‘and 80 on to the end of the chain.- The 1ocomotive
is bound to the last car in the train by transitive relations, which,
passing thfough intermediaries, make it so that after all the locomo-
tive pulls the last car, Yherever man& things are linked they are so
by transitive relationships, or at any rate,'by relationships which
can he interpreted as transitive dyédic relationships. On the -
other hand, fglations which aré not transitive help to break up the




@3} C@a&(

world into disconnected groups, to separate things, to keep them apart.'
'Some relations are S0 to speak intermediate between the two types,;ﬂ'
being sometimes transitive and sometimes 1ntransitive. The relation'
‘of friendship is an instance of this sort, If A is a friend of B,

and B is a friend of C, that tends to establish a reasoneble probabil-

ity that A under favorable concltions should become the.friend of Cj,
and the releaticn there is a fact frequently proved transitive.‘- On

the other hand as we know, the tran31tion is by no means always made.f*ffﬂ

¥ell so much for our two classifications of relations,‘ symmetri'

: cal and unsvmmetrleal on the one hand transitive and intransitive on

'the other." But now in mentioning all these cases I have been intendingu

'tc' prepare the way for an understanding of the nature cf series.
,-How_can I accomplish this° 1 said in begirning 8 series is e )

collection of obsects.v I now erdd, wherever there is a Series there

is & single transitive and unsymmetrical relation which links togetherji

the members of this series in such wise that if you choose any two rfi |
of. them, one of them stands to the other in this transitive unsymmet-':

rical relstion. Thus, 8 row of men constitutes a series. There is

& transitive unsymmetrical relation. The relations of before or - -

after. If you cheoose eny two men of this row, one of them is before - ]

the other, and the fact that this same relation binds any pair in such

wise that ene of the pair is before the other enables you to arrange

all the members of the series in a single row. Precisely so with = i

the npumbers. There is the relation usually of greater and 1ess.

: It binds any two numbers together in such wise that one of them is | :

greater thsn the other, and that fact makes the numbers stand in one
series, Now I say that wherever we have a series we have such a-

transit tive, unsymmetrical relstion which binds any palr of things that

T M A b0 e 8 e s 414 i o 008
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\held between any two of them.
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> part of an ordered system. -
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This relation remains constanf

(21)

belong to that same series.

It is a relation upon which the series

Akd’}z}“ Lo fof 200 hlien e cobsets

throughout the series. éé%é
turn our attention once more to the re
tions of tne other type that I mentioned, the symmetrical relations.
Symmetrical relations I said may be tran8111ve, so the relation of
equality is transitive. Now you will observe at once that if I have
a large collection of objects of which I merely know that any two of
those objects are eqpal to each other in some respect - in size, in ’
weight,'or in - capacity, or whatever you please,-- then those obJects

are indeed set in no sort of order bv this fact. Thus 8 collection v

series that would be because some such relation as grester and less:e

If I have then a collection of . objects,

any two of whick are bound uogether by a single symmetrical transitive

relation, such as equality, these objects do not of themselves con-'

stitute an order, but such a set of objects may form a very important:.'

Of course when I correlate or bring inte
connection two or more series of objects I do so by establishing
symmetrical relations amongst the members of different series.» Thus
when you get @ train to run on time, you esteblish certein symmetrics.l
relations between the train and any station that you please on the .
Namely, the train and the Btation
are together at @2&% moment of time, but the relation of being together-
is a symmetrical relation. So correlatien depends in genersal upon
symmetrical relatiomé" These relations may be transitive, and in that
case they enable me to correlate 8 great nuﬁber of series., Now

when I look back upbn any of those complex 1nstenées of order which I

of weights, all of the same size, do not so far constitute an order,wﬁfwfu'

'whereas if I had a set of weights that coulu be arranged 1n a single:>”»7”";b

&R
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diacussed earl .in thié iee ture, you will see if you examine these :

cases ¢ relelv.tha# in all cf t*em The f&cts Vluh whlnh one dpals are
either arranged in seri g or =15° are in p’aces Whl"h in various
series coi‘respc_m"i,= 8§50 that »heyvare in éomedwise gorrelaued +a~ether.
And now iet me‘ﬁefine one mére term. Wﬁen a:céllécﬁioﬁ of objests
ié sﬁch.as t¢ be bcﬁﬂd ﬁcéeiher 55 5 giigle_symmétricsihﬁrahSiﬁiﬁq
?éiazien; I cail shis colle iéﬁ of'ehjeété’a lévéi,' Thus the things

that are in u"o pans ef an upot ecary's sczles ure JE a ;eve; if the

gle pans b

B

look over the various orders that

we do when we deal with such orders in so far as we corslder the por--'-

-relation of various series is to arrange verious objects on the,samg

level. Thus while levels themselves do not directly put things into.
order they help us tc dbring varicus crders into csrrélaﬁibn ﬁ;th:one}'
another, » o AA : |
We began our discussion with the inquiry, what do we mean by
order? We have found that order consists iﬁ the existence and'corre4
lstion of serieg. We have discovered that where various series are
correlated we have what may be called levels. We have discovered
that the arréngement of‘things in series has both & practical and
theoretical importancs. We have discovered that the correiation of'
series has also & practiésl and theoretical importance, We have
seen that both the formetion and correlaticn of series depend upon

the establishment of certain relations which again have both a theo-

reticel and practical importance, These relations are of two types;

sea are

have sp9fer of ,Aybuléeé;théi ﬁhét7':
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the symmetrical transitive relsticn, such as equality, the unsymmet- .,"ﬁf"'vgj

s

rical transitive reletion, such as greater or less. We have seen o
ihat these releation tyﬁes have their practical importaﬂce. What  -
we shall have further to see'at our next lecture is the way iﬁ:which

. these relations and the orders which result from them helg us'to an - |

appreciation of the laws of nature. . . ; "f7  R
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The ternm law is used in & very great varlety of senses and one.i

sometimes feels that such usage has made it so vague that one would-

‘ *prefer not to employ it in designations that pretend to exactness.

Still the word is once for all there, and it is supposed to be of

great importance to us to become sure that nature is subject to 1aw; .

We ask the cuestion with which these discussions opened namely what

‘is the general lesson that the study of science has taught us and . the';

most famlliar answer ig that we have learned from the studv of science,

how nature is everywhefe a realm of law., = Since 1in many cases the 31”

laws of nature as discovered by the special scientists do not seem to._f{:

have any very close relations to our own ideals end human interests,

it is not infrequently asserted that when we studJ science we come tou‘

deal with a world that seems hard and cold and opposed to the aspira-
‘tions of the heart. Yet precisely as we hawe found thet the ar-
rangement of objects in series and the grouping of other objects upon
the same level with respect to a given series is a process that ex~ |
presses human sctivities and that when accomplished involves the
success of human efforts, so we have now to see that every time that a
law of nature is discovered the practically interesting process of the
" human mind leads to the successful issue, Whatever ideals a men has
to give up when he studies science, he certainly wins something in re-
turn for then. The view of the world that science glves us is every-
where a rational view, and in so far the ideal view, We are inter-;
ested in finding law in our Wo;ld of experilence. What I wish to say
to you on the present occasion is what interest the search for law in
experience meets and'ﬁhst ideals we scoompiish when we discover that
law exists, To this end I must begin with somewhat vaguer and less

definite conceptions of law and then quickly pass to those instances
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,whlch permit 8 sharper chvrac+erization of whax it is {thsat we look for
when.\e seex for law, and what we find when we ﬁiscover law, In-

the vaguest sense I know something that I can call a law whenever

I can meke with confidence a2 generel asseriicn. ' Whenever I dén 8&Yy
'thsx‘éll men are mortal or that al1 summer days are lcﬁg,'I'may be

said to be ecquain ted with a law, bL{ the law that appears in this form . -

is not one- thdi stards for any very himhl" deVﬂlopﬂd type of sciphtif-
ie knowledge. Even within the range of cormen-sense we are not cov--~j

tent to knqw laws of this type and these alone." When you éo shopping"fg.

H:you é:e not content to be éer*.in that 'evervth ng hut vou bgy_mu*t be f ﬂF
' paidffdr; T You neod to Xnow ‘the v,rieus prioes of variouc'thiﬁggig?vt{;¥
In generél if you are considering what to erchase, you arfangef“;ﬁ:;ﬂ:u
various ‘purchases and priﬂes in series, or sagesin unon a 1evel Ebu'
consider that this object mill cost more than that, or that any ‘one
of theseobjects may ‘be bought for a given price.' Only when you naﬁe
a cdnsiderable rumber of assertions of this sort in your posaession;
L only in other words wheh you have reduced the prices of possiﬁle'
purchases to order, have arranged faéts in series and upon levels,=--

only then can you say that your shopping is conducted according to some

kird of system, and that your knowledge ¢f the present laws of the _ j
market is a knowledge that aDproauhes ’Xactness. Well now what
holds in the world of common-sense holds also in the world of science.
Propositions of the form, all A,is B, and therefore if A occurs then
B occurs,vare frequent propositioﬁs in science, but no one such
assertion is enough to constitute a scientific insight into the con~
nections of facts,  We know that all men are mortal; but such know-

ledge is not scientific, The knowledge that an insurance company

possesses about the average percentage of the healthy men of a given

{ age who will die within %en years is a knowledge that in’'its own way /”

Eavn
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aprroachee the sc1ent1f1c type. ‘It is knowledge of what we‘call the

staxistical kind, and knowledge of this sort always relates to

sories of facts, and not merely to single classes of facts.'. The .

1ife tables show what proportion of a given class of men may be.'.
expected to die within a year, within two years, within three years,

or withir ten years. And the vse of mortality tables depends entirely

upon the construction of such series and of the various levels that go

.With them, Our kﬁowleége 0% the laws thaz relete to the consumptionf

e'of fuel is a very good instance of the sort of knowledge of law that

rea¢ly intereets us in dealing with nature._ To know thax whenever

'you want to run an_englne you must burn coal is not yet to know very B
vu'significant laws ¢f nsature, The gquestion thet. you desire to anewer

.when you have to deal with a particular envine'ie the amgunt of fuel .

that you will use in a given time in case you are to get a given
amount of work from that engine under the given conditions. Know-
ledge of this sort is inevitably relaxed to a knowledge of facts that
form a seriles. If you burn so many tons of coal you will get 'so much
work aoqe. A given increass in the amount of coal burned will produce
a given increase in the amount of work to be done, and so on. Such
knowledge becomes at once veluable for deciding how much coal must be
put into =a given'ship in.ordef that she may make a'certain voyage.‘i
Again, how much coal must be pUrchased by the manufacturer in order
that certsain goeds shall be turned out? You see then_thax it 1is
almost useless to say that when we atﬁdy the laws ef nature we are

endeevoring to find out merely general propositions. Qur .various gen-

" eral aesertions must he assertions about objects that form a series,

or egain, about the relations of various series to one enother. I

may put the seame considerations in enother form. Textbooks of induc-

R sl
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tive logic, that is, of the loglc of science, very frequevtlJ tell you

causes. Now a cause, such bocks say, in physical science, is

that the purpose of scientific investigation is the discovery of

an

entecedent such that if this antecedent is present in a given case a

certain censequence will follow. 'Examples of a knowledge of causes

one finds in the textbooks in a case like this: An inquiry arises as

to why a feather and z bullet fall with ungqual velocities when they

are dropped in the air, the bullet coming at once to the earth, the -

feather floating slowly down. The hypothesis arises that i't' is the . . :

' rssistance of the air which causes the feather to descend slowly._‘ SIS

_This hypothe51s is uested bv a well known experiment - the experi-f5'A

ment of ‘permitting the bullet and feather to £a&ll in an exhausted

recplver.. The air is here to & very great extent elimina ved.

bullet and the featner fall in almost exactly the same time.

The
"And so

one concludes that the air is indeed the cause of the ordinaryf*"

difference in the behaﬁior of the two bodies. Such, say thelﬁextbooks,

is scientific knowledge, and unquestionably such knowledge is_a frag-

ment of scientific knowledge. I do not deny its importénce as such a

fragment. What I wish to point out is, however, that physical-science

goes not merely consist of setting side by side a large number

of

essentially fragmentary assertions like this one. Physical science

is interested in quite another aspect of such laws besides the

that can be expressed in a siﬁgle general proposition,

aspect

John Stuart Mill in his logic lajd considerable stress upon a

method of investigating nature which he called the metﬁod of concomi-

tant variations. You wish to find whether the air cauées the

bodles to fall with different velocity, Accordingly you study various

cases where the air has been partially talen out of a receiver,

the air hasg been still) more completely taken out of a receiver,

varlous

where

‘and so




on‘unfil you come to- the case of a receivef as néariy exhausted‘as_fof
the purpoées of your experiment it is possible or convenient to |
eihﬁust it. In such Q cése according to ¥ill you reason that

whatever antecedent varies in such wise as to be attended by yariatiohé'
of a given consequent must be a caﬁse or at leaét'part of the caﬁse -
of fhat cbnsequent. Here one speaks as if the study of a gréat num- -
ber of cases where a given supﬁosed cause varies in amount haﬁ'ééi—

its principal object the discovery of the one proposition that the

_cause which thus varies must indeed be the cause of thax effect which lfll

v is found always varying amongst tae consequences presen» 1n the
various instances. Similar is the r°asoninv accord*ng tc such ‘
account when one notices that heat expands a large number of substances.
One finds for instance that the more one heats a bar of‘iron the longer
the‘bar grows, and that similar concomitant variationé.are observable'."
with & great many different kinds of substances. Nill's treatment.of
the method of concomitant variations is usually interpreted by the -
student as if the principal lesson of it were thét in view of these
manifold parallelisms between the variation of a certain cause and the
variation of a certain effect, we can generalize and say this cause is =
indeed the producer of this effeect. I do ﬁot suppose that Mill

regarded such a generalizatlon as the sole or aé the princlpal signifi--
cance of his method of concomitant variations. What I wish to

point out here is, however; thét as that method is very generally

interpretediby students the essential point of such investigations

is missed. What interests us in'case we discover that certain - '
- variations of ‘A are atﬁended by certaln variations-of B is not the

mere generalization which under such circumstances may become very
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may know that if the beef suppiy in Chieage is hir

' he wants to kﬁow such sarios of fabvs. o L; ne benom°e intarestsd 1n

'dlscov=r 1f pessible haw the variat101 o? uh s pp&v o; bée; 1n-

soon a ébmmon—pLace, namelyythe'generaliZatioﬁ'that Ais at leagq a

part of the cause of B, What interests us is the correlation of two

series“of facts., The variocus =tages, degress, amounts of A, and the

varicus resulting smounts of B, You may know some such genersliza-
tien asrthé socalled law of the relation of demsnd and supply. You =

.J

by combination the price of beef in your merket bill will riae.‘" But'i"

the 1 nterest of the hoaﬁenclaer’is not in this | ”en;r zation.

R Whax ne wants to know 15 “cw the prics of:baef ?aries, - In +her worde;v:

urecinT the causes of tnese ;acts, his interest will 1nevit§b1y be to‘

Chicago is_relateé to the price‘cf bsef in his market 0111; " He can  f

discover this only in case hé can correlate two seriés“cP facts.

And so now I say our knowledve of nature assumes the form of
exact law preclsely in so far as we know how various series are
correlated together. So much for our first view of what we mean
by knowlng the laws of nature. It is because of thig interest of oﬁrs
in cor;elating varicus series of objects that the processes of meas-
urement become of such great importance for scientific work. Exact'
scisnce 1s possible, sc we are often tcld, solely hecause of measurable
facts. This assertion is logically speaking not universally true.
But the extent to which it gppears to be true is mainly due to the
fact that whenever we are capsble of maasuring oﬁjeets we ars capable
of arranging measurable objects in perfectly definite seriles, Asgume
for instance that I am able to weigh tﬁe amount of coal in a shib's
bunkers or the amount consumed in a given time, it is possible to

correlate the consumption of coal with the length of the voyage with

defei by strikes or

B
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the speed of the ship, or w1th some other such fact, this other fact

itself being capable of measurement, so that different speeds of

the ship, or different lengths of voyage may be exactly correlated with _-j

given amounts of coal burned. There is then nothing magical about the

importance of quantity in science. The value of quantities in -
measurable objects generally is that they can easily be arranged in

series and the consequent variocus series can be correlated_together.xg

But quantities are not the only objects that can be arranged in ser;es:gr

The points on a line constitute a very definable series‘of'objeetsg ;.ﬂ'

althouvh the points themselves are not measurable quentitiee; ahd”dlis'

' though it is possible to consider their relative positions without

measuring lengths. The fact of a highly exact science of a branch
of geometry is possible, and exists, wherein no sort of meaeurementd.
is used, and one is dealing merely with the relative'posiﬁions‘of

various points. This branch of'geometry is precisel& exact as that

- popular and more familiar branch of geometry which turns upon measure-.

ment. In whateis called non-metrical geometry one correlates various
serles of points; declares for instance that :he points a, b, ¢, and.
d on‘a_line form a particular kind of row with b between a and ¢, and
¢ between d and d. One further proceeds to prove that such socalled
ordinal relationshipe amongst the various points remain unchanged when
you pass froﬁ a given line to the shadow or ﬁrojection of that line on

a given plane. Such geometry continues by making assertlons with

regard to whether two lines have a point in common, and what peiﬁt

they have in common, A prodigiously exact science can thus exist in
which nothing is measured, bdut everything is ordinally detsrmined and
the whole system of facts with which one is dealing constitutes an

exact order with preclse series and definite levels by means of which
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. Everyih;ng'would have to be reduced'to order., And everything would ;;"

8

~definite series are correlated. I can conceive an absolutely éxégt

moral science, remote enough from our present inadequate knowledge of.

our moral reiationships, dbut such as some higher being might have.
This exact science would determine precisely what act rightly or.

Jjustly corresponds to a given situation. The laws of such acts“would‘

be laws that you would have to express in the form of complex sefieSTIf

interwoﬁen,in systems. But neither acts nor their consequences, nor

'the situétiohs in which they are required would need to be measufed;tw(:'>

belrgduced to order by means of establishing certain series. Thué;;fif'

" one would'afrange-possible morally'significant situations in series.

Oﬁe would arrange cbrresponding acts in series. One would declafe_by'l

' a correlation of these series what met or acts properly corresponded’

to definablé'situations. And one would expiess all these correlatibné
in terms of moral law; being in possession of such a_complete‘mora1 .

system of the universe, would know preéisely'what to do in-every

possible situation. He would have an exact moral sdience, but he would

not be measuring anything. Thé general relation of our concepticn of
law.to our cdngeption of serial orders of facts having thus.been
suggested, I shall now try to proﬁeed to a somewhat more detailed
statement of what happens when we try to reduée our knowledge to
scientific order with respect to the laws of nature, |

In order to proceed further in this inquiry I have to introduce
yet one more technical word, It is the wo;d thaﬁ you will have seen
in my title, the term transformation. By ?ransformation I mean the
game as any defiﬁable change. A mere change may seem to us very
unintelligibvle, in case it 1s'sufficiently novel or violent or rapid,

Thus when a flash of lightining comés it may be har& for us to tell




precisely how the flash seemed +o be related to ourselves, what it
'~"d1rection it came from, and so on. A sudden and ¥ e*eﬁt physical

pain .seems to us surprisin but unless the pain lasts some time,

at

i we find 1t hard to describe what point the pain bagan._ A patiént
“‘“‘ax the outset of an illness whose nature is unknown +o h*m finds it
:dlfflcult to give an account of his own sympioms to his physi Ai nﬁ_'
Cl1e ‘for the first time you feel a Leydea jar shock your iMpression isf”'“
hfithax somethlnv of great importance has nannened but you flnd it veTV;F'

‘:difficult to sav what has happened, except in so far as you are suref¥ 

7; taat you do not uisn ﬁo reﬂea* tnax experiencs. ¥nen the ée ntzst; BT

lls a tooth Y s&milarlv unintﬂllieibla cnange of one s state of AT

=

'oonsczcusness ahca*s. _It arsuseas tremends us repLgﬁ iu@, out ;eaisis

'-analysis. On the other hznd by 2 transfe rmat%cn I mean a chhnge 1n_

80 far as it is conce1vaole, defin&ble, analyzable, Ir I pick up

vthls{object and remove it from this place to thsat place, a change nct

mersly occurs but I observe what it is. A journey made according to
a plan coqstl tutes a definable series of transformations. A series
of events constitutes a set of transformations precisely in so far ‘as
the historlan can +ell us what happened. Now it is obvious that

all our knowledge of the laws of nature is a knowledge that has to

do with the transformations of nature. Tpe world of our experience.
ié a realm where phenomena are'ccnstantiy ghifting, so that néw things
get substituted for old. So far as our knowledée of these changes
remains vague, indeécribable, iﬁdefinite, the changes may be real, but
we do not conceive them as definite transformations. The changes of
the weather, vaguely noted by ou} passing conscioushess do not in

so far constitute‘scientifically_dafinable transformations. But the

Weather Bureau, talcing hourly observations, defines the transforma-
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tions of weather that occur in the country durlng the day in a pre-'
cise order. And of course all scientific knowledge of uhe weather

must be obtained by such exact analyses of transformations.

And now when we study nature, of necessity we are not interested

in single transformations, dbut in long series of transformations.

Thet at ten o'clock in the moraning ¢f a given day the temperature in

& given placé rapidly fell--- this is a transformation which may for

- 8 glven purpose oe regarded as a single yransformation. A know—

=

‘.ledge f *he ‘ags_cf the W°atner depends upon knowing long series of

. guch transformaﬁicas; He.e again eeria; xnowledge'*nevltably pro-:t

ésis and 13 iss a, the bas is of all tha study of ?ha laws df things.

:But what eonstltutes a single series of transfcrmatlons9 Anything. f_
that h appens in the universe is succeeded shortly afterwards by some- _

'Vthing which happens, it may be‘in e far distant place in the unif

yerse., 4 Thus every event may concern entirely different objeéfs of.‘
people. Thus the eruption of Krakatoa on the eérth may have been
followed some time afterwards by an even£ which occurred on the m§on-'
or some distant star. It seems idvonvenient to arrange such appa~

rently miscellaneous transformations in a single series. Even

historians whose reports of events have often to be vefy miscellaneous -

are anxious to reduce their narrative to order by putting in a single
series of events which as they say belong together and so constitute a
gingle set of transformations. A chapter of the history of France

may be put in a general history by itself. It may then be followed

by a chapter relating to some nearly contemporaneous events'in the

history of England;And-sd one may proceed from country to country.
However, when one's facts are arranged there is a strong interest in

regarding certaln facts as belonging to one series and certain other
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facts as belonming to another series of definable changes or

. transformations of the natural world or of. human experience.

If we ask now what principle determines us to call a given set
of events, events in some one series, and to regard certain other

events as belonging a dlfferent series, the answer is not difficult

to give. A single set or series of transfqrmations always means for
‘us. a set or series of transformations.which appears to us to leave
A,-somethlng constant, sometn1ng changeless throughout the series.»'vweA*
estimate transformations by contrast with permanence. In a world TR
'., when anything was followed by anythlng, and where not the least con-z‘f
_stancy could be observed we should have no reason to arrange trans-fff
_formations in Berial order, or to conceive thenm as constituting con--i

nected systems of events. ° The series of changes which take place when'f

the eteamervduring the.voyage consumes her coallis a single se;iesu_’
in so far as despite the changes in the coal something remeins con-
stant throughout the voyage, namely, the ship, her destination,.

and whatever else it is in terms of which we recovnlze the series of
incidents in question. A series of events in the history of France
is charaeterined by the fact that even if this series occurred during
the French Revolution when tremendous changes were in question, some-
thing, namely, the French pecple, remained in some notable respects
the same, throughout that series of changes. A historical narra-
tive whose scsne and people change with every new event mentloned
would have no sert of unity. In shkort, the unity of a seriles. of
events is definite in what remains permanent to that series of events.
Sc far we have in our possession these results;.lthat our knowledge
¢f the laws of nature is a knowledge whichvhas to do with senias of

evente; that a saries of events is defined as a single series by
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in charge of navy supplies know such laws regarding the consunbtion

12.

virtue of somethlng that remains constant throughout that serles,
while our knowledge of the laws in question depends upon the corre-

lation of various such series. Having premised these considerations,

. I may now proceed to assert in general that when one knows a law of

nature one ig aware that a certain set of changes‘or transformaiions

'forming a series is such as to leave unchanged or unaltered certain

'definable condltions.' If the law of naturevthat one knows is =a

complex.and important law, one's knowledge goes further. It then coné_
sists in ascertaining that a great many different series of even&s B
are sueh that the type of transformation present in all of them

leaves unchanged a partlcular type or character present in the things:¥r"
which you are considering. The statement now made becomes by itself:'-

too abstract and must at once be illustrated. When the officials

of coal as enable them to determine what supply each ship should have
for a given purpose, the laws that they know relate to some such
complicated relations as the following: If any ship sails»she _
will burn coal. The series of events consisting of the tons of coal
burned by a given vessel on a given day, will determine the time which
will elapse before all the coal in the bunkers is consumed, Now

the officials who determine the supplies of the navy will be able

to predict for a given ship within limits how much coal she will burn
during a given voyage. By virfue of what knowledge of law are ihey
able to nake this prediction? By virtue I say of their knowledge
that a great many different series of events, each one of which con-
sists in the burning of coal by some.one ship. Now a series that
have certain characters in common; that 1s, if you pass from one such

series to another, you find that the coal burned has a certain con-




= _engineere and coal
_what w l be a*w&"s tne amovnt i

~ one of t 1ese serles somet h ﬁc remairs ﬂstant.

‘us exemplify the whole process in still another way.

'.153._ :  ? !

stant relation to the work done. This constant relation remains

un anged no metter how many different ships and how many different

voyages you are considering. Or 12 it does nect remain actueally

that is f the process in ques-

heavers,

a& you arA unable to say prec;sely

case of oyeges and,all_tné'f

Sap osing the lags to e nvown, the laws always take the same
':mbnotonuu forme CouaiPPr e‘gre&t man; geries of E?ents; -f1ﬁ3each

It you pass from one

series to auothor thls const t wi‘l itgelf charg

engaged in one voyage is different from ths Bﬁa? enaagea in anoth ,‘

and the coal used is different. But stiil & you pass from series to

series something will still remain unchanged. If -you ccrrelate such
Beries as the ships burning their coal with such series as stationar&
engines on land burning their coal, and Tinally with such seiiea as the
gtudent of the theory of heat considers in general, you get atill

wider and wider generalizations, Thsy 211 hsyve the type that great
numbers of Series ere in such wise correlated that this or that re-
meins unchanged as you pass from series itc series. Since your passing
from series to series constitutes itself a more or less ideal set of
transformations, you reéch the final result that all our knowledge of’
law assumes this form; that certain series of changes, resal or idéal,
constitute such & systenm that.a definable something remains unchanged
throughout these series. The idesas of which I an dealing are here
decidedly technical, but the illusﬁrations are simply‘countléss. Let

A soclally

'_3 the ship - that 15'
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ski1llful person knows how to behave in various company. Thls knowledge

he has with regard to the proper behavior is of course founded upon a

knowledge of the laws of such social groups as he is accustomed to
assocliate with. DNow any occasion when a man meets a company of _
people presents to him a set of transformaticns.  The people spéak

move about, co-cperate, come and go. These transformations on any

given social o~casion are such as to leave unchanged certain condvtions,
.namely the conditions upon which civilized society in general, and:thigi'
'*-roial occasion in partlcular may depend. The socially skillful'i
‘  person now not onlyufollows any such_sgries.of eventé with suécéss,'  
bﬁt‘whgn he passes from sociel occasion to spcial‘occasion;‘when'hef ' e
meets now.this company of people,.and.now théx, he knows how to béﬁéve‘
and to succeed on each new occasion; But in so far as he is aﬁgre:off
~ his skill, in so far as he knows upon what his success dependgs'hiér'

vknowledge.consists in an acquaintance with certain prineirles of

conduct whickh remain unchanged vhatever the company or whatever the.
social occasion, Such & knowledge of the laws of sccizl occasions

is of course very insignificant.. It is practically 1iable to &ll

sorts of error. With most socially skillful persons & great deal of'

such knowledge remains unconscious. Every socisl life con31sts in
go-much o6f definable transformations, as of more or less fascinating,
surprising, or appaling changes in the social environnment. But so
far as such knowledge is exacf, is consclous, is such as to lead to
success, it 1s s2lways a knowledge of what relaxions, character,
principles, modes of behavior,~-- the transformations of the social
order-always leave unchanged., - The soclally Successful'mén who comes
into a new social groﬁp has in so far very greatly transformed his

social situation. He no longer is where he was or amongst such

[T
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peoplé as he has been meeting in the past. So far as hé‘stili“

adjusts hlS ﬂonduct to tke situation and knows why he does so, he

keeps on following such principles as he has already established.

In other words, the very novelty of his conduct, the skill wi£h Whi6h‘
he adjusts himself to a ﬁew situation, depends upon presﬁrving intact

exactly those principles of cénduct byfﬁhich he succeeds., _Hé acts
wéll this time upon this novel occasion becsasuse he haé fules £hat het”
can hold constant, while these rules are precisely sucﬁvas determ#né'~b

what he has to do upon this.océésion. So here again the kndﬁiedéé ;

- of lew is the knowledge of what remains unchanged amid transformationa.

7_.

I have thus defireu. Le nature of ta kqowledge of law bv first
speaking of the series of facts whose laws we dlscover and by then
pointing out that our knorledge of law is the knowledge of what some
series of chenges inevitably leaves unchanged. I could approach ‘
the whole subgect in another way and repeating considerations whicﬁ '
occurred to.us at the outset I could illustrate how no knowledge of
what is changeleés in the world is of the least‘aefyice to us unless
it at onée is related in our mind to the definition of a series of
objects, and in fact to the definltion of a series of changes;

Vhat is it that always hapﬁens in the world? I can of course answer
life always goes on, the sun always shines, men die daily, in brief,

I can utter any coﬁmop-place that you please about life and the world.
In so far.I do not name any notable law which is of real scientific
imporfénce. But as soon as I say this time when you are preparing
coal for this voyage you need so and so much coal, because this case
hag a definite place in g series of possiblé cases, a series consisting
of different.pcssible ships with different péssible voyages and dif-
ferent possible amounts of coal needed,--- then and then only do 1

make use of & definite knowledge of the law, But my knowledge of law
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'now takes the form of sayirg that since 2ll the members of this

serles are of & certain twpe, thls particular member occupying this

place in the serles must be of a particular character, just in order

that it may conform to the general type, In the series of whole
numbefs, each new whele number is a single csse. But of céurse tbe

whole series is formed according to a certain lew, and all the wno e

K numbers conform to the type of this law, This whole number in 1ts owr
'plaoe in the series must have some speclsl character in orher tnaz it
'may here illustrate the generel law.-f ke genera’ law of the whole.jf;‘ﬂ

E'f"numbers is that each one fo‘lows & pa;tlcular number and nrecedes a
”.parflcular number, ' In order that 'seven for instance should obey thia

51aw it must follow six._ And as the fo;lower of sir it has to hawe

special character which resulis from its place in the seriesf Hences'
series and laws are inevitablv cerrelated. - If I begin wifn a aeries,
it becomes of scientific importance to me in so far es I obaerve ‘some
law, ;t elther holés in a single series or holds when I pass frqm
series to series. On the other.hand, so far as I define‘law I

define what is a mere common place unlesé I apply it to fhe'series of
fact and so determine what this fact must be in its place in the

series, Dbecause of & general law that is verified by all the facts

~that form ths series.

Se much fer s sketch of the way in which laws and series go 4
together in our knowledge of nature. But now for oné or two illus- -
trations of how the notion wkich we defined at.the lastvtime, the
notion of a level, is related to our conception of a law of natﬁre.
Whgn I set a great number of serles side by side in my mind, and so
correléte them that ceftain facts belonging to these various series

occupy a corrasponding‘plaoe in all the series, then as I sald at the

B e
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last time the facts in qaestion lie on what one may call a level
Thus, if I correlate the series or facts that I meet with ascendlny

one mountain with the series of facts that I meet with in ascending

anothcr mountain, one very convenient way of carrying out this process .

ig furnished me by the familiar process of def:Lni_n‘c how high above
sea level any given point on any given mountain is, Now all the

places on the earth's surface that agree in being 1000 feet above sea

. level, are themselves upon a certain level, This level may determine

certain similar constant characteristics which I can verify from

p;ace to place on the sarth's surface. Thus for instance withxn lim-:

'its the &ir pressu;e at & given level tends to hawe the same relation s

to the air pressure at ses level at the same moment whaxever part of
the worla I may happen to be in. In this way the correlation of the
varicus elevations above sea level is carried out by what one mav cali
e series of levels. Since wherever we correlate varlous series__75
the same considerations come into sight, we may observe that most, if
not all, instances where we ;peak of laws of nature,‘can be expreséed
by saying that various facts in varicus real or ideal series stand
upon the same level. TFor as we have thus seen, fo kno% a law of

nature 1s to know something that remains constent when you pass from

" series to series.. If various mountains, or rather elevated places,

agree in certzin respects with regard to the air pressure present

at tkose levels, then I am inh posseéssion of a certain law relating to
the connection between elevation and atmospheric pressure. But

just as the sea level enables me to define this law, 80 the facts

about the pressure at_various plaées on the earth's surface might
themselves be used to establish something equivalent to a level amongst

all these places. If a great number of places on the earth's surface
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'agree aﬁ a given time in having the same pressure of atmosphere;‘these

variéus places constitute a system of facts which stand in symmetricai'

transitive relations in so far as the pressure at any one place is

:equal to the pressure at another place. As soon as I ask what is the

cause of this eguality oprresSure snd find its cause in elevation

or in any other constant physical condltion, I then 1nevitably set the ;

places which have the same atmospheric pressure on a level, while at

' the same time I plece in a series various places which have different'
eatmospheric pressure.. Consequently, in my mind i arrange‘all‘the-"-"”
A places on the earth's surface with reference to atmospheric pressure

'in what mav be called a series of levels, All those places which

level difierent places which have dlf;erent atmospheric pressures
belng upon different levels, &nd &1l these levels themselves forming ,
series. _ v I _ | |
To change the 1nstence‘once more, if we return to the socially
successful man in the various societies, he may define his 1aws to
himself by defining certzain classes of social situations which in a ,'
certain respect are all alike, or are on the same level. Thus there

is something that one does in greeting, there is something that one does

in making or in returning compliments, in acecepting or declining invi-

tations; etec. All greetings, compliments, acceptances, acts of de-
clining, and so-on, are social facts , each state of each are on

the same level. And now if one can define one's social laws one
defines how one's ects would alier thelr eharacter.as the social
levels in cquestion chenge, iny in case one could define the possi-
bilities of changing situaﬁicns, the ways inlwhich different types of |

invitations ought to be accepted or rejected, only in so far as one -

'have the same atmosyheric pressure being at a given moment on the same ‘fff}

&uch




‘ﬁcould do thls would one have slgnificant laws of soclal behawior, and .
as soon as one did, these various soc1a1 levels would be again ar-

‘ranged in a series.;y_’

In view of these considerafions we may get a genersal view of
what happens in all our scientlflc thinxing if we think of the
matter in this way. Suppose all the changes that occur -in the world."
to De arranged in a system, so that all the changes were formed into
series in so far as any set of changes gave good reascn 4’or regarding
them as members ef a single series, while all these series Were '&‘_-”

grouped in some way side by side as lines maJ be grouped 1n a

'diagram. Suppose then various cross lines such as levels are dr&wn'-y

from part to part of this diagram, and suppose herebv ope ccrrelates

. . various par»s of one series with various parts of ancther, then the o

result is that one gets the sort of insight into the laws of things.
thax we human ‘belngs are constantly endeaworing to get. ' |
My result so far is that since our knovledge of law depends upon
this endless arrenging, grouping, and regrouping of series and systems
of series or transformations, our whole knowledge of thellaws of
nature consists in such serial arrangement;-and such observation of
what remains unchanged through varyiﬁg conditions, and in consequencé
includes all sorts of artificial rearrangemente of our experlence.
Our science is not a.mere.repbrt of facts of experience. It is a
rearrangerent of thése fects., It is not an account of how the world
would look if.one took no interest in these series that we so cérefully
consider and arrange. It is an account of the world considered with
reference to such serles as we %ind it interesting to conmstruct, If
the facts decline to pérmit any such construction we should indeed

be helpless. That the world permits us to make such constructions is
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,iv time. Even the historian ariificisily rearranges his Tac

“L thaI aO apﬁeais to us, to @ur human intere -st, to our nractlca¢ concern
in the fact unau our at ent;on is attxacted nv it It is easen;ially-

g;_wﬁc remaln uﬁchan-e ‘in 2 give ‘cass when we chserve given svstem

levels that interest us are again determined by certain unchanging

30,
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if you like, something of great value estimating what kind of world
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this really is. But on the other hand, our cwn constructive_act:vity

sconstitutes by far the larger gort*qﬂ of our scientific insight into

the laws of things. Fben we arr*ngn events in series we ars never

merely at the mersy of the order in which the events happen to'bcéur_

s+ablish1 £ those levels and distinguishing those series which:
series ithers must b éamavgihg that~rsmaina7"

he ser*ss2 but;this'someth*ng must ‘e sore+h1ng

6f'fécts.‘ our 1nueresx, our experiance; our attztuua, aur aluatzoq T
of certain facts, remainl-n sach wise unqhéngéd that we are able to
apﬁreéiaze these facts as fbrming 8 single series. Leave our intefest
pu% way of experienc#ng,'oﬁr attitude, our fashion of construction

out of account, and you have no sense left in which % he.facts can be
said o form a series. On the othsr hané; when we correlats many

series together, we do so0 1n a distinctly artificial fashion. The

features which we find in various series as we pass from one to another.

v et A b orman e e e

These unchanging features exist with such raference to our own interest,
to our ownEaftitude, to our own attentivé deeds that if you abstract |
from our part in the procezs it is quite.impoasible to say what ﬁhe
facts alone by themselves would determine.,  The kind of significance | g
which a1l this arrangement of facts_in series, and of this study of '
the various levels has,'our social instance has plainly shown us,

The man to whom social situations form series exemplifying various
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laws, because they are capable of being considered with reference

to certain constant social interests and fashions of behawior, deals

. with the social world in a practical way and arranges his,seriea and

leveis for the sake of success. Tre official coaling the squadrbn-' '

has to deal with facts, which indeed in one sense are stubborun enough,

while in another sense they fall into these series and exemplifjethese

laws because he approaches them with a certain human interest and be-

cause he wishes to accomplish a certain task. Abstract frbm thé kind -

of success that we are seeking in our dealings with nature and you haﬂex

no aspect of nature left which defines any precise svstem of laws.

Beings interested 11 arranglna Tacts otherwise beings whose attention E

was attracted by other changeless aspects of their experience than

those which interest us, might come to a different view of uhe laws_

of nature, as beings with wholly different sense _organs from ours would“
reach. It is true that when we deal with nature we are not in the .

least privileged to be capricious. But on the other hand; we are not -

in the least able to abstract from our own forms of thoughtful activity
and to define what the natural world wouid be if we had a wholly
diffefent type of conception, | |

We have new reviewed some of the fundamental conceptions of
science, and'we‘hawe found that they are distinctly human in their
character as they are emplrical in their illustrations. Yature per-
mits you to conceive her fact ‘in certain systems, but what these
systems are your own interest as a thinker determines. -Nature does
not say to you , "Such I am and sqch I would be if you were not con-
ceiving me,” Nature says "Thus I present myself to your sense and
thus I permilt &ou if you are 1aborious'enough and patient enough to

succeed in rearranging my facts so that ybur industrial art makes 1ts

s s Vit
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triwnpns end so fhat‘your'scientific theories agsume their well knoﬁn‘

" . types." The vastest generalizations thatvwe make‘concerning nature“”

conform to this principle as well as do the simplest. The great

principles of the theory of energy of which our modern scienfific

‘inquireérs rightly malke eo much are simply principles relatiﬁg to
series and to levels,-- the series and the levels in questionﬂﬁeinv A
_such as have no meaning apart from certain very human processes of
.idescription definition, and rearrangement of facts. It is possible,
experience permlts it, that we should correlate certain physical _'ljéi,-”
- facts with quantitles of eneray, with a series of facts known as f o
‘our owm’ numbers, so that as we say we measure anything, and assign a. -jf7i“"'
certain number to a certain energy, as.naming the quantity qf the_en-ej

_ergy present under the given conditions. All the objects that'we

deal with in such a case are not simple experiences but highly ?»-'
transformed explanations of thﬂnvs waich experience permits us to -
define. After we have once thus arranged in series quantlties of
energy, we are able to aefine a_certein law or peir of laws which nay
be sald to govern the transformations of energy into physical systems
¥nown to us. The first of this pair of laws is the socalled

princliple of the conservation of energy. S It is the principle that all
the trensformations of energy of a closed system leave the quantity

of energy on the same level so that with‘respect to qﬁantity of energy
all the transformations of a clesed system constitute a level. The

other principle is thet energy tends to pass from higher to lower

Alevels of intensity, ﬁithin the same system, From this point of view

the serles of trensformations of energy, is a series whose states are
not upon the same level, but run through a certain irreversible series

of changes, energy in this sense passing from highervto lower levels

)
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of iﬁtenéity. The whole theory of energy is thus a theor' o; reéathg:'
4to<series'and levels conceived energy. The human interests wnzch .
Aled to 4']:Lese conceptions are perfect;v obvious to anyone whe will
_consider the conceptions concerned. ¥hen we say that the fac ts of

the world ére of this type we mean ﬁhe facts as conceivaﬁla,and as.
capable of arrangement by us. Tke cogception and the arre ﬁgeienz in
‘question are very highly artificial. The arrsngements in quésfidﬁ 
are_mé&é by us for purpose§ which are net o"y ‘heo*et cal but “rac~ ,
tical By making such arrangements we vuide sur ccndact -fwe~« '

‘ understand nature in tnis ield prcci xy in 80 fa‘ as wa can r-ui.tie
'four‘industrlal conduct . and our conduct as sc*entillc noncoivers of pne-
nﬁmena with actual success. Woen nature pnnmits us »c ;aise pOVatOES '
I do not suppose that if is & very noiable revelation of the ab;s;utg'
nature of thingé,‘as they would be apart from humen ingenuity, to sa&
that the world permits potato raising. When we say that the priﬁ#
ciple‘of.the conéervation of energy isvthe truth, we substantiaily'mean'
thet man makes a success,: . industrial and theoretical, on the basis
of arranzing his conceptions of physical phencmena in a series and
upon the levels which the theory of energy employs. ¥e have no
right to say thét this fact reveals to ﬁs what the world would be

by itself if men were not there conceiving it. The éuceesa of our arts
and the success of our-sciences is of substantially the samevphilo-
sophical significance. Nature'permits both if we work hard enough.

Neither success is by itself sufficient to decide for us what the

ultimate nature of things may be.
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