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James Clerk Maxwell
Are There Real Analogies
in Nature?

In the ancient and religious
foundation of Peterhouse there
is observed this rule, that whoso
makes a pun shall be counted
the author of it, but that whoso
pretends to find it out shall be
counted the publisher of it, and
that both shall be fined. Now, as
in a pun two truths lie hid under
one expression, so in an analo-
gy one truth is discovered under
two expressions. Every question
concerning analogies is there-
fore the reciprocal of a ques-
tion concerning puns, and the
solutions can be transposed by
reciprocation. But since we are
still in doubt as to the legitimacy
of reasoning by analogy, and as
reasoning even by paradox has
been pronounced less heinous
than reasoning by puns, we
must adopt the direct method
with respect to analogy, and
then, if necessary, deduce by re-
ciprocation the theory of puns.

That analogies appear to ex-
ist is plain in the face of things,
for all parables, fables, similes,
metaphors, tropes, and figures
of speech are analogies, natural
or revealed, artificial or con-
cealed. The question is entirely
of their reality. Now, no ques-
tion exists as to the possibility
of an analogy without a mind to
recognize it—that is rank non-
sense. You might as well talk of
a demonstration or refutation
existing unconditionally. Nei-
ther is there any question as to
the occurrence of analogies to
our minds. They are as plenty as
reasons, not to say blackberries.

James Clerk Maxwell
Dogada Olgusal Andwrvmlar Var
Modar?*

(1884)

Peterhouse’in' eski ve dinsel temelinde dyle bir
kurala uyulurdu ki, her kim bir s6zctiik oyunu
yaparsa onun yaraticisi, ama her kim onu ¢6zdu-
gun ileri stirerse yayicisi sayilir, ve ikisi de ceza-
landirilirdl. Simdi, tipk: bir sézciik oyununda
tek bir anlatimda iki gercekligin gizlenmesi gibi,
bir andirimda da tek bir gerceklik iki anlatim
altinda ortaya serilir. Andirimlar ile ilgili her soru
oyleyse sozciik oyunlarini ilgilendiren bir soru-
nun karsilisidir, ve ¢6ziimler karsililik yoluyla
birbirinin yerini alabilir. Ama andirim yoluyla
uslamlamanin gecerligi konusunda hentiz kus-
kuda oldugumuz igin, ve paradoks yoluyla uslam-
lama bile s6zciik oyunlar: yoluyla uslamlamadan
daha az kot sayildigi i¢in, andirim agisindan
dogrudan yontemi benimsemeli, ve sonra, eger
zorunlu ise, karsililik yoluyla s6zciik oyunlar:
kuramini cikarsamaliyiz.

Andirimlarin var goériinmeleri seylerin ken-
dileri karsisinda agiktir, ctinki tiim alegoriler,
masallar, benzetmeler, egretilemeler, degisme-
celer ve deyimler dogal ya da bildirilmis, yapay
ya da gizlenmis andirimlardir. Soru biitintyle
olgusalliklarina iliskindir. Simdi, bir andirimin
onu kavrayacak bir anlik olmaksizin olanagi
konusunda bir soru yoktur—bu dort dortlik bir
sacmaliktir. Pekala kosulsuz olarak varolan bir
tanitlamadan ya da ¢tiriitmeden de s6z edebilir-
siniz. Ne de andirimlarin kafalarimizdan ge¢mesi
konusunda bir soru vardir. Zeminler denli cok-
turlar—bogurtlenler kadar demesek de. Ciinkaii,

*[The Life of James Clerk Maxwellden, Yay. Haz. Lewis Campbell ve William Garnett, 1884.]
![Peterhouse en eski ve en kiiciik Cambridge Kolejidir. 1284’te Ely Piskoposu tarafindan
kurulan vakif ertesi y1l Kral I. Edward tarafindan onayland. ]



8 JAMES CLERK MAXWELL

insanlarin dissal dogada seylerin kendi anlik-
larindaki izdiistimleri olarak gérdigi hersey
bir yana, bilimin biitiin cercevesi, felsefenin
dorugunun kendisine dek, kimi zaman doganin
kesitlenmis bir modeli olarak, ve kimi zaman
anligin i¢ ylizeyinin dogal bir biiyiimesi olarak
goruntr. Simdi, eger bilim ve felsefedeki kabul
edilmis gerceklikleri yoklarken, engin bir konu-
lar erimi icerisinde gériinen ve zaman zaman
insan bilgisinin biitiintyle ayr1 bir parcasinda
yeniden-gorinen belli genel ilkeler bulursak;
ve eger usun kendisinin yapisi tizerine donerek
orada bu bicimdesligin nedenini usun dogru
eyleminin temel bir yasas1 biciminde saptayabi-
lecegimizi dustntrsek, icinde andirimli yasa-
larin varoldugu bu ¢esitli doga bélimlerinin
olgusal bir karsihikh bagimliligi oldugu vargisini
mui ¢ikaracagiz; yoksa iliskilerinin yalnizca goru-
nurde ve insan dusuncesinin zorunlu kosulla-
rina bagh oldugu vargisini mi1?

Seylerin dogru anlasilmasi i¢in say: iliskile-
rinin dogru bir algisindan daha 6zsel higbir-
sey yoktur. Simdi en ilk sayr kavrami 6n bir us
edimini imler. Seylerin herhangi bir sayisini
sayabilmek icin, 6nce onlar1 evrenden c¢ikarip
almamiz ve her birine tanim yoluyla kurgusal
bir birlik vermemiz gerekir. Bunu yapincaya
dek, duyu evreni ne bir ne de ¢ok ama belir-
sizdir. Ama gene de, ne yaparsak yapalim, doga
boélimlemeden belli bir dehset duyuyormus
gibi goruntr. Belki de “bir” sayilacak en dogal
sey bir insandir, ama gene de bunu yapmak ¢ok
guctir. Kimileri kafalar ile, kimileri ruhlar ile,
baskalar1 burunlar ile sayar; gene de ya kiitle-
lere birlesme ya da tlyelere ayrilma yontunde
bir egilim vardir. Evrenin buytk degirmen-tasi
boyunca degisik derinlikleri gérebilmek icin
kuramin odaklayic1 mercegini isletip onu kimi
zaman bir keskinlik derecesine, kimi zaman bir
baskasina ayarlamadikca, fenomenal seylerin
bulanik anahatlar1 timuyle birbirine kaynasir.

Uzay ve zamana gelince, biri size “simdi onla-
rin yalnizca kendi anliklarimizin degiskileri

For, not to mention all the things
in external nature which men have
seen as the projections of things in
their own minds, the whole frame-
work of science, up to the very pin-
nacle of philosophy, seems some-
times a dissected model of nature,
and sometimes a natural growth
of the inner surface of the mind.
Now, if in examining the admitted
truths in science and philosophy,
we find certain general princi-
ples appearing throughout a vast
range of subjects, and sometimes
reappearing in some quite distinct
part of human knowledge; and if,
on turning to the constitution of
the intellect itself, we think we can
discern there the reason for this
uniformity in the form of a funda-
mental law of the right action of
the intellect, are we to conclude
that these various departments of
nature in which analogous laws ex-
ist have a real interdependence; or
that their relation is only apparent
and owing to the necessary condi-
tions of human thought?

There is nothing more essen-
tial to the right understanding of
things than a perception of the re-
lations of number. Now the very first
notion of number implies a previ-
ous act of intelligence. Before we
can count any number of things we
must pick them out of the universe
and give each of them a fictitious
unity by definition. Until we have
done this, the universe of sense
is neither one nor many, but in-
definite. But yet, do what we will,
nature seems to have a certain hor-
ror of partition. Perhaps the most
natural thing to count “one” for is
aman or human being, butyet it is
very difficult to do so. Some count
by heads, others by souls, others by
noses; still there is a tendency ei-
ther to run together into masses or
to split up into limbs. The dimmed
outlines of phenomenal things all
merge into one another unless we
put on the focusing glass of theory,
and screw it up sometimes to one
pitch of definition and sometimes
to another, so as to see down into
different depths through the great
millstone of the world.

As for space and time, any man
will tell you that “it is now known
and ascertained that they are
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merely modifications of our own
minds.” And yet if we conceive of
the mind as absolutely indivisible
and capable of only one state at
a time, we must admit that these
states may be arranged in chrono-
logical order, and that this is the
only real order of these states. For
we have no reason to believe, on
the ground of a given succession of
simple sensations, that differences
in position, as well as in order of
occurrence, exist among the caus-
es of these sensations. But yet we
are convinced of the coexistence of
different objects at the same time,
and of the identity of the same
object at different times. Now if
we admit that we can think of dif-
ference independent of sequence,
and of sequence without differ-
ence, we have admitted enough
on which to found the possibility
of the ideas of space and time.

But if we come to look more
closely into these ideas, as devel-
oped in human beings, we find
that their space has triple exten-
sion but is the same in all direc-
tions, without behind or before,
whereas time extends only back
and forward and always goes
forward.

To inquire why these peculiari-
ties of these fundamental ideas are
so would require a most painful if
not impossible act of self-exenter-
ation; but to determine whether
there is anything in nature cor-
responding to them, or whether
they are mere projections of our
own mental machinery on the
surface of external things, is ab-
solutely necessary to appease the
cravings of intelligence. Now it ap-
pears to me that when we say that
space has three dimensions, we
not only express the impossibility
of conceiving a fourth dimension,
coordinate with the three known
ones, but assert the objective truth
that points may differ in position
by the independent variation of
three variable. Here, therefore,
we have a realanalogy between the
constitution of the intellect and
that of the external world.

olduklar: bilinir ve saptanmustir” diyecektir. Ve
gene de eger anlig1 saltik olarak béliinmez ve
bir kerede salt bir duruma yetenekli gorursek,
bu durumlarin kronolojik sirada dtizenlenebi-
lecegini, ve bunun o durumlarin biricik olgusal
diizeni oldugunu kabul etmemiz gerekir. Ciinkd,
yalin duyumlarin verili bir ardisiklig1 zemininde,
yer alis diizenindeki ayrimlar gibi konum ayrim-
larinin da bu duyumlarin nedenleri arasinda
bulunduguna inanmamiz i¢in hi¢bir neden yok-
tur. Ama gene de ayr1 nesnelerin ayn1 zamanda
birarada-varolduguna, ve ayni nesnenin degisik
zamanlardaki 6zdesligine inaniriz. Simdi eger
ardisikliktan bagimsiz ayrimi ve ayrim olmaksi-
zin ardistkhig duisiinebilecegimizi kabul edersek,
uizerine uzay ve zaman idealarinin olanagim kur-
mak icin yeterli olanm1 kabul etmis oluruz.

Ama eger insanlarda gelismis oldugu gibi bu
idealara daha yakindan bakarsak, onlarin uza-
ymin U¢li uzam tasidigini ama arka ya da 6n
olmaksizin tiim yonlerde ayni oldugunu, oysa
zamanin yalnizca geriye ve ileriye uzandigini ve
her zaman ileriye gittigini buluruz.

Bu temel idealarin bu 6zgtnliklerinin nigin
Oyle oldugunu arastirmak, olanaksiz olmasa
da, cok acili bir kendini-sakatlama edimini
gerektirecektir; ama dogada onlara karsilik
diisen birseyin mi oldugunu, yoksa yalnizca
kendi ansal diizenegimizin dissal seylerin ytze-
yindeki izdtiisimleri mi olduklarini belirlemek
usun 6zlemlerini yatistirmak icin saltik olarak
zorunludur. Simdi bana éyle goértuntyor ki, uza-
yin ti¢ boyutu oldugunu séyledigimizde yalnizca
bilinen t¢ boyut ile esgidiimlu bir dérdinci
boyutu tasarlamanin olanaksizligini anlatmakla
kalmayiz, ama noktalarin ti¢ degiskenin bagim-
s1z degisimi yoluyla konumda degisebildigi bici-
mindeki nesnel gercekligi ileri stireriz. Oyleyse
burada usun yapisi ve dissal evrenin yapisi ara-
sinda olgusal bir andirim vardir.!

![Maxwell icin bilim ve diizgiin felsefe ayrimi anlamsizdir. Insan usunun yapisinin nesnel
evrenin bigimi (yasal-kavramsal) ile kosut olmasi (bu yazida kullanilan deyim ile “andirimli”
olmasi) evrenin 6ziiniin Nous oldugunu sdylemenin bir baska yoludur.—A.Y.]
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Zamana gelince, kimi zaman dustncelerin
mantiksal sirasinin [consecution] zamandaki
olaylarin ardisiklig: [ sequence] ile tam olarak ayni
tirde bir olgu oldugu kabul edilir. Ama bunlar
arasinda ansal ayrim ve konum ayrimi arasinda-
kinden daha yakin herhangi bir iliski bulunuyor
gorunmez. Hi¢ kuskusuz her diistince ediminin
sagin tarihini saptamak olanaklidir, ama bu
yolda hazirlanan bir kronolojik tablonun bilin-
cinde oldugumuz dustiincelerin sirasi ile ¢akisip
cakismayacagl konusunda kuskuluyum. Dustin-
celerin ve seylerin bu iki diizeni arasinda bir
andirim vardir, ama sanirim bir 6zdeslik degil.
Yine, eger herhangi bir saptanmis zaman kipi-
sinda herhangi bir saptanmis uzay noktasinda
ne oldugunu bilirsek, doganin tim olaylarini
bildigimiz séylenebilir. Bilinmesi zorunlu ola-
cak baska herhangi bir sey tasarlayamayiz; ve,
gercekte, eger herhangi bir baska zorunlu 6ge
var ise, bu herhangi bir fenomene onu uzay ve
zamanin biricik zorunlu 6geler olduklari sayiltisi
iizerine olacak oldugundan baska tiirli yapacak
bir yolda girmez.

Bununla birlikte, hicbir dustince kiimesini
onlar1 ‘zeminler’ [reasons] tizerine bagiml ola-
rak tasarlamaksizin diisiinemeyiz. Bu ‘zeminler,’
onlardan nesneler ile iliski icinde s6z edildigi
zaman, ‘nedenler’ [causes] adim alirlar ki, andi-
rimli olarak diistinceler yerine nesneler ile ilis-
kilendirilmis zeminlerdirler. Nesneler mekanik
oldugu ya da mekanik bir bakis acisindan diist-
niilldigi zaman, nedenler daha da sagin olarak
tanimlanir ve kuvvetler olarak adlandirilir.!

Simdi eger doganin yalnizca olaylar1 degil ama
kuvvetleri ile de tanisik isek, 6nceden bilinme-
yen olaylar1 tahmin etme gliciinii kazaniriz.

With respect to time, it is
sometimes assumed that the
consecution of ideas is a fact
precisely the same kind as the
sequence of events in time. But
it does not appear that there is
any closer connection between
these than between mental
difference and difference of
position. No doubt it is possible
to assign the accurate date of ev-
ery act of thought, but I doubt
whether a chronological table
drawn up in this way would
coincide with the sequence of
ideas of which we are conscious.
There is an analogy, but I think
not an identity, between these
two orders of thoughts and
things. Again, if we know what
is at any assigned point of space
at any assigned instant of time,
we may be said to know all the
events of nature. We cannot
conceive any other thing which
it would be necessary to know;
and, in fact, if any other neces-
sary element does exist, it never
enters into any phenomenon so
as to make it differ from what it
would be on the supposition of
space and time being the only
ne ary elements.

We cannot, however, think

any set of thoughts without
conceiving of them as depend-
ing on reasons. These reasons,
when spoken of with relation to
objects, get the name of causes,
which are reasons, analogically
referred to objects instead of
thoughts. When the objects are
mechanical, or are considered
in a mechanical point of view,
the causes are still more strictly
defined and are called forces.
Now if we are acquainted
not only with the events but also
with the forces, in nature, we ac-
quire the power of predicting
events not previously known.

'[Maxwell’in sézleri Newton’in “Yercekimi kuvvetinin nedeni nedir?” sorusuna da bir
yanit sunar. Newton ‘kuvvet’in de her kavram gibi bir causa sui (ya da effectus sui) oldugunu,
kendinin nedeni (ya da kendinin etkisi) oldugunu kavrayamaz, ve kendi “dogal felsefe”sinde
onu Tanriin istenci olarak kabul eder. Gene de, kuvvetin ‘neden’in kendisi olmasi onun
yalitilmus, analitik bir kategori olmasi demek degildir. Kuvvet, baska her kavram gibi, eyti-
simsel dogadadir, ve dzdek ile, es deyisle uzay ve zaman ile bagint1 ya da birlik icindedir. Daha
yiiksek kategorilere, devim, diirtii, ivme kategorilerine gecis bu kavramsal baginti mantig

icinde yer alir—A.Y.]
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This conception of cause, we
are informed, has been ascer-
tained to be a notion of invariable
sequence. No doubt invariable
sequence, if observed, would
suggest the notion of cause, just
as the end of a poker painted
red suggests the notion of heat,
but although a cause without its
invariable effect is absurd, a cause
by its apparent frustration only
suggests the notion of an equal
and opposite cause.

Now the analogy between rea-
sons, causes, forces, principles,
and moral rules is glaring, but
dazzling.

A reason or argumcm isa con-
ductor by which the mind is led
from a proposition to a necessary
consequence of that proposi-
tion. In pure logic reasons must
all tend in the same direction.
There can be no conflict of rea-
sons. We may lose sight of them
or abandon them but cannot pit
them against one another. If our
faculties were indefinitely inten-
sified, so that we could see all the
consequences of any admission,
then all reasons would resolve
themselves into one reason, and
all demonstrative truth would be
one proposition. There would be
no room for plurality of reasons,
still less for conflict. But when we
come to causes of phenomena
and not reasons of truths, the
conflict of causes, or rather the
mutual annihilation of effects, is
manifest. Not but what there is a
tendency in the human mind to
lump up all causes and give them
an aggregate name, or to trace
chains of causes up to their knots
and asymptotes. Still we see, or
seem to see, a plurality of causes
at work, and there are some who
are content with plurality.

Those who are thus content

with plurality delight in the use of

the word forceas applied to cause.
Cause is a metaphysical word im-
plying something unchangeable
and always producing its effect.
Force, on the other hand, is scien-
tific word, signifying something
which always meets with oppo-
sition, and often with successful
opposition, but yet never fails to
do what it can in its own favour.

Bize bu neden diisiincesinin degismez bir
ardisiklik kavrami olarak saptanmis oldugu bil-
dirilir. Hi¢ kuskusuz degismez ardisiklik, eger
gozlenirse, neden kavramini imleyecektir, tipki
bir ates karistirma ¢ubugunun kirmizi boyah
ucunun 1s1 kavramini imlemesi gibi; ama degis-
mez etkisi olmaksizin bir nedenin sa¢cma olma-
sina karsin, gérintrde bosa ¢ikan bir neden
yalnizca esit ve karsit bir neden kavramini imler.

Simdi zeminler, nedenler, kuvvetler, ilkeler ve
moral kurallar1 arasindaki andirim 1s1l 1811, ama
g6z kamastiricidir.

Bir zemin ya da uslamlama [argument] anlig
bir 6nermeden o dnermenin zorunlu bir
sonucuna gotiren bir iletkendir. Ar1 mantikta
zeminlerin timi ayn1 yone egilimli olmalidir.
Bir zeminler ¢atismasi olamaz. Onlar1 gézden
yitirebilir ya da terk edebilir ama birbirine kars:
cikaramayiz. Eger yetilerimiz herhangi bir kabul-
lenimin tiim sonugclarini gérebilecegimiz diizeye
dek smirsizca yeginlesmis olsaydi, o zaman tim
zeminler kendilerini tek bir zemine ¢6ztindurtr,
ve tim tanith gerceklik tek bir 6nerme olurdu.
Bir zeminler ¢oklugu icin, ve bir ¢atisma icin
yer olmazdi. Ama gercekliklerin zeminlerine
degil de fenomenlerin nedenlerine geldigimiz
zaman, nedenlerin catismasi, ya da daha dog-
rusu etkilerin karsilikli ortadan kalkis: ortada-
dir. Buna karsin insan anhginda tim nedenleri
yigma ve onlara bir toplak adi verme, ya da
nedenler zincirini digim ve asimptotlarina
dek izleme yontinde bir egilim vardir. Gene de
bir nedenler ¢coklugunun is basinda oldugunu
gorir, ya da goriiyor gibi gériiniiriz, ve cogul-
luk ile yetinen kimileri vardir.

Boyle cogulluktan hosnut olanlar kuvvet s6z-
ciginin nedene uygulanmis olarak kullanil-
masindan haz duyarlar. Neden degismez birseyi
imleyen ve etkisini her zaman treten metafizik-
sel bir sézciiktir. Ote yandan, kuvvet her zaman
karsitlik ile, ve sik sik basarili karsitlik ile karsi-
lasan, ama kendinden yana yapabilecegini yap-
may1 hicbir zaman aksatmayan birseyi imleyen
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bilimsel bir s6zcuktur. Bilimin ele aldig fizik-
sel kuvvetler boyledir, ve diizgiileri giic haktir
diizgtisudur ve kendilerine doga yasalari derler.
Ama 6rgensel yapinin bicim ve eylemini belirle-
yen baska doga yasalar1 da vardir. Bunlar doga
kuvvetleri Gzerine kuruludur, ama yénetme isi
disinda hicbir is yapmiyor gériintrler. Bunla-
rin kuvvetler olarak adlandirilmas: gerekir mi?
Bir kuvvet giicu [strength] ile orantili olarak is
yapar. Bunlar kuvvetleri bir modele gore calis-
mak icin yonetir. Kuvvetler degil, kaliplardirlar
[molds]. Simdi burada kendisinden sapmanin
yer alabilecegi bir 6lcintimuiz oldugu icin, kuv-
vete ait olan gui¢ kavraminin yanisira érgensel
yasaya ait olan saglsk kavramini buluruz. Orgen-
sel varliklar 6rgensel yasalarin bilincinde degil-
dir, ve onlara katilan bilin¢li varlik degil ama
simdi bilingli varlik ile cok yakin bagint1 icinde
gorunen bir baska yasalar kiimesidir. Diistince
yasalarini demek istiyorum. Bunlara 6rgensel
yasalar yoluyla ya da fiziksel karisikliklar yoluyla
karisilabilir, ve hi¢ kuskusuz béyle her karisma
beynin yasalar1 ve omurilik [medulla] ve distince
stireci arasindaki bagintinin yasalar: tarafindan
duzenlenir. Ama gozlenecek sey usun dogru
siirecini dizenleyen yasalarin tiim yasalarin
en soyutlari ile, zorunlu gerceklikler arasinda
bulunan yasalar ile 6zdes olduklari, ve, fizyoloji
ve fizikteki en karmasik fenomen dizgeleri ile
karismis ve onlar tarafindan degiskiye ugratilmis
olsalar da, baska disiince yasalar1 arasinda en
istlin yasalar olarak kabul edilmeleri gerekti-
gidir. Ve bu astinlik fiziksel yasalarda oldugu
gibi daha stiin glicten olusmaz, ne de sanirim
orgensel yasalarda oldugu gibi bir tipi yeniden
iretmekten; ama dogru ve gercek olmaktan olu-
sur, Ustelik baska nedenler bir stire icin beynin
efendileri olsalar bile.

Genel olarak istemli eylemleri irdelerken
istencli varlik tizerinde kuvvetler gibi etkide
bulunan nedenler gordigimuzi distinuriz.
Devimlerimizden kimileri fiziksel zorunluk-
tan, kimileri irkilebilirlikten ya da 6rgensel

Such are the physical forces with
which science deals, and their
maxim is that might is right, and
they call themselves laws of na-
ture. But there are other laws of
nature which determine the form
and action of organic structure.
These are founded on the forces
of nature, but they seem to do
no work except that of direction.
Ought they to be called forces?
A force does work in proportion
to its strength. These direct forces
to work after a model. They are
molds, not forces. Now since we
have here a standard from which
deviation may take place, we have
besides the notion of strength,
which belongs to force, that of
health, which belongs to organic
law. Organic beings are not con-
scious of organic laws, and it is
not the conscious being that takes
part in them, but another set of
laws now appear in very close con-
nection with the conscious being.
I'mean the laws of thought. These
may be interfered with by organic
laws, or by physical disturbances,
and no doubt every such interfer-
ence is regulated by the laws of
the brain and of the connection

between the medulla and the
process of thought. But the thing
to be observed is, that the laws
which regulate the right process
of the intellect are identical with
the most abstract of all laws, those
which are found among the rela-
tions of necessary truths, and that
though these are mixed up with,
and modified by, the most com-
plex systems of phenomena in
physiology and physics, they must
be recognized as supreme among
the other laws of thought. And
this supremacy does not consist
in superior strength, as in physi-
cal laws, nor yet, I think, in repro-
ducing a type as in organic laws,
but in being right and true; even
when other causes have been for

a season masters of the brain.
When we consider voluntary
actions in general, we think we
see causes acting like forces on
the willing being. Some of our
motions arise from physical ne-
cessity, some from irritability or
organic excitement, some are
performed by our machinery
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without our knowledge, and
some evidently are due to us and
our volitions. Of these, again,
some are merely a repetition of
a customary act, some are due to
the attractions of pleasure or the
pressure of constrained activity,
and a few show some indications
of being results of distinct acts
of the will. Here again we have
a continuation of the analogy of
cause. Some had supposed that
in will they had found the only
true cause, and that all physi-
cal causes are only apparent. I
need not say that this doctrine is
exploded.

What we have to observe is
that new elements enter into the
nature of these higher causes, for
mere abstract reasons are simply
absolute; forces are related by
their strength; organic laws act
toward resemblances to types; an-
imal emotions tend to that which
promotes the enjoyment of life;
and will is in great measure actu-
ally subject to all these, although
certain other laws of right, which
are abstract and demonstrable,
like those of reason, are supreme
among the laws of will.

Now the question of the real-
ity of analogies in nature derives
most of its interest from its ap-
plication to the opinion that the
phenomena of nature, being va-
rieties of motion, can only differ
in complexity, and therefore the
only way of studying nature is to
master the fundamental laws of
motion first and then examine
what kinds of complication of
these laws must be studied in
order to obtain true views of the
universe. If this theory be true, we
must look for indications of these
fundamental laws throughout the
whole range of science, and not
least among those remarkable
products of organic life, the re-
sults of cerebration (commonly
called “thinking”). In this case,
of course, the resemblances be-
tween the laws of different classes
of phenomena should hardly be
called analogies, as they are only
transformed identities.

uyarilmadan dogar; kimileri [bedensel] duze-
negimiz tarafindan bilgimiz olmaksizin yerine
getirilirken, kimileri ise acik¢a bize ve isteme-
mize baghdir. Yine bunlardan kimileri yalnizca
alisilmis bir edimin yinelemesi iken, kimileri ise
hazzin ¢ekimlerinden ya da kisitlanmais etkin-
ligin baskisindan ottrudir, ve birkaci istencin
ayr1 edimlerinin sonuglar1 olma belirtisini gos-
terir. Burada yine neden andiriminin stirmesi
s6z konusudur. Kimileri istencte biricik gercek
nedeni bulduklarini, ve tiim fiziksel nedenlerin
salt gbrunurde oldugunu sanmislardi.! Bu 6gre-
tinin patlamis oldugunu séylemem gereksizdir.
Gozlememiz gereken sey bu daha yiiksek
nedenlerin dogasina yeni 6gelerin girmesidir,
cunki salt soyut zeminler yalnizca saltiktir; kuv-
vetler guicleri yoluyla iliskilenir; 6rgensel yasalar
tiplere benzerliklere dogru davranir; hayvan
duygulari yasam hazzim gelistiren seye egilimli-
dir; ve isteng buytk 6l¢tide edimsel olarak tiim
bunlara boyun eger, gerci us yasalar1 gibi soyut
ve tanitlanabilir olan belli baska Aak yasalar:
isteng yasalar1 arasinda en distiin olsalar da.
Simdi dogadaki andirimlarin olgusallig:
sorusu ilgin¢liginin ¢ogunu doga fenomen-
lerinin, devim tirlulikleri olmakla, yalnizca
karmasiklikta ayr1 olabilecekleri gorisiine uygu-
lanmasindan tiiretir, ve dolayisiyla dogayr incele-
menin biricik yolu ilkin temel devim yasalarini
6grenmek ve sonra evren iizerine dogru gorus-
ler edinebilmek icin bu yasalarin hangi karisiklik
tirlerinin incelenmesi gerektigini yoklamaktir.
Eger bu kuram dogru ise, bu temel yasalarin
belirtilerini bilimin biitiin bir erimi boyunca,
ve daha az olmamak tizere 6rgensel yasamin o
dikkate deger tirtinleri arasinda, beyin etkinligi-
nin sonuclar (genel olarak “diisinme” denilen)
arasinda aramaliyiz. Bu durumda, hi¢ kuskusuz,
degisik fenomen siiflarinin yasalar: arasindaki
benzerliklere, yalnizca déntismiis 6zdeslikler
olduklar icin, andirimlar demek guictur.

!'[Bu gonderme de Kant’adir. Kant dogayi salt bir goriingii alani olarak goriirken, Istence
(kalgusal usa) kendini belirleme 6zgurlagi tanir—A.Y.]
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Ote yandan, eger diisiince yasalarinin (phy-
sio-logical ya da fizyolojik yasalarin degil ama
soyut mantiksal/logical yasalarin) incelemesin-
den baslarsak, o zaman bu goértinirdeki andi-
rimlar anliklarimizin altgtidiimli oldugu belli
zorunlu eylem kiplerinin yansimasi yoluyla salt
yinelemeler olurlar. Her iki hipotez tizerine de,
isttinligiin onlar acisindan zorunlu ama isleyise
olumsal oldugu bir yasalar kiimesinin varolu-
sunu nasil aciklayabilecegimizi bilmiyorum. Ama
bir kez eyleme gecer gecmez isleyisi esnek olma-
yan ama baslangicinda belli bir isteme edimine
bagiml olan bir baska yasalar kiimesi buluruz.
Eylemlerin sonucu tizerine kuram her bir edi-
min bircok duzenek zincirini devime gecirmesi
olgusu tarafindan biiytk 6l¢iide karistirilir—
zincirler ki baska etmenler tizerinde tepkirler
ve Oyle fiziksel ve metafiziksel kaos bolgelerine
girerler ki onlardan koparilmalar1 gictir. Ama
evren boyunca yayilan karisikligin altgidimli
odaklarini olusturan fiziksel olaylar1 degil de
kokensel edimin dogru imgesinin yeniden tire-
tildigi moral odaklar: gormek icin kuramin teles-
kopunu dogru olarak ayarlayabilirsek, o zaman
herhangi bir moral edimi acitk¢a gordigimiizde
o edimin sonuclarinin zincirleri i¢in bir moral
zorunluk géruntr ki, bunlar edimin kendi ahlak-
sal bakis acis1 icinde dogru ve tam bir imgesini
vermek tizere belli bir odakta yogunlasmak icin
diinya boyunca yayilirlar. Disardan seyredenlerin
gordiiklerinin timu fiziksel edim, ve bunun kimi
dolaysiz fiziksel sonuclaridir, ama nasil ki boltim-
sel bir 151k demeti secik bir gorus i¢in uyarlanmais
olmadig1 zaman bile yalnizca 15181 degil ama bir
nesneyi gobrmemizi sagliyorsa, herhangi bir edime
iliskin bolumsel gortusimuz de, eksiksiz olmak-
tan uzak olmasina karsin, onu yalnizca fiziksel
acidan bir olay olarak degil ama moral agidan
bir edim olarak gérmemizi saglayabilir.

Eger fiziksel sonuclarin uzaksasan zincirle-
rinde yalnizca edimin dogru bir imgesini olus-
turmak icin degil ama etmen tuzerinde ister
dogrudan dogruya isterse uzun bir cevrimden

If, on the other hand, we
start from the study of the laws
of thought (the abstract logi-
cal laws, not the physio-logical),
then these apparent analogies
become merely repetitions by
reflection of certain necessary
modes of action to which our
minds are subject. I do not see
how, upon either hypothesis, we
can account for the existence
of one set of laws of which the
supremacy is necessary, but to
the operation contingent. But
we find another set of laws, the
operation of which is inflexible
when once in action but depends
in its beginning on some act of
volition. The theory of the con-
sequence of actions is greatly
perplexed by the fact that each
act sets in motion many trains of
machinery, which react on other
agents and come into regions of
physical and metaphysical chaos
from which it is difficult to dis-
entangle them. But if we could
place the telescope of theory in
proper adjustment, to see not
the physical events which form
the subordinate foci of the dis-
turbance propagated through
the universe but the moral foci
where the true image of the orig-
inal act is reproduced, then we
shall recognize the fact that when
we clearly see any moral act, then
there appears a moral necessity
for the trains of consequences
of that act, which are spreading
through the world to be concen-
trated on some focus, so as to
give a true and complete image
of the act in its moral point of
view. All that bystanders see is the
physical act, and some of its im-
mediate physical consequences,
but as a partial pencil of light,
even when not adapted for dis-
tinct vision, may enable us to see
an object, and not merely light, so
the partial view we have of any
act, though far from perfect, may
enable us to see it morally as an
act, and not merely physically as
an event.

If we think we see in the di-
verging trains of physical con-
sequences not only a capability
of forming a true image of the
act but also of reacting upon
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the agent, either directly or after
a long circuit, then perhaps we
have caught the idea of necessary
retribution as the legitimate con-
sequence of all moral action.

But as this idea of necessary
reaction of the consequence of
action is derived only from a
few instances, in which we have
guessed at such a law among the
necessary laws of the universe, and
we have a much more distinct idea
of justice, derived from those laws
which we necessarily recognize as
supreme, we connect the idea of
retribution much more with that
of justice than with that of cause
and effect. We therefore regard
retribution as the result of interfer-
ence with the mechanical order of
things, and intended to vindicate
the supremacy of the right order
of things, but still we suspect that
the two orders of things will even-
tually dissolve into one.

I have been somewhat diffuse
and confused on the subject of
moral law, in order to show to
what length analogy will carry
the speculations of men. When-
ever they see a relation between
two things they know well, and
think they see there must be a
similar relation between things
less known, they reason from the
one to the other. This supposes
that although pairs of things may
differ widely from each other, the
relation in the one pair may be the
same as in the other. Now, as in
a scientific point of view the rela-
tion is the most important thing
to know, a knowledge of the one
thing leads us a long way toward a
knowledge of the other. If all that
we know is relation, and if all the
relations of one pair of things cor-
respond to those of another pair,
it will be difficult to distinguish the
one pair from the other, although
not presenting a single point of
resemblance, unless we have some
difference of relation to something
clse whereby to distinguish them.
Such mistakes can hardly occur
except in mathematical and phys-
ical analogies, but if we are going
to study the constitution of the
individual mental man, and draw
all our arguments from the laws of
society on the one hand, or those

sonra olsun tepkide bulunmak i¢in de bir yete-
nek gordigimuizii disinirsek, o zaman belki
de zorunlu ceza dustincesini tlim moral eylemin
gecerli sonucu olarak yakalamis oluruz.

Ama eylemin sonucunun bu zorunlu tepkisi
duistincesi yalnizca birkag 6rnekten tiretildigi
icin—ki bunlarda boéyle bir yasayr evrenin
zorunlu yasalar1 arasinda tahminle bulmusuz-
dur—, ve zorunlu olarak en ytksek saydigimiz
yasalardan tiiretilen cok daha secik bir tiire
dastncesi tasidigimiz igin, ceza disincesini
neden ve etki disincesi ile olmaktan cok tiire
distincesi ile baglariz. Béylece cezay1 seylerin
mekanik diuzenine karismanin sonucu olarak,
ve seylerin dogru duizeninin tistinligini dog-
rulama niyetinde olarak gériir, ama gene de
seylerin iki diizeninin sonunda bire ¢ozilecegi
kuskusunu tasiriz.

Andirimin insanlarin kurgularini hangi uzak-
liga gotiirecegini gosterebilmek icin moral
yasa konusu tzerinde biraz daginik ve karisik
yazdim. Insanlar ne zaman iyi bildikleri iki sey
arasinda bir iliski gorseler, ve daha az bilinen
seyler arasinda benzer bir iliski olmas1 gerekti-
gini gordiiklerini distinseler, birinden 6tekine
uslamlama yaparlar. Bu sey ciftlerinin birbirin-
den biiytik 6lctide ayrilmasina karsin, bir ciftteki
iliskinin 6tekindeki ile ayn1 olabilecegini varsa-
yar. Simdi, bilimsel bir bakis acisindan #liski bili-
necek en 6nemli sey oldugundan, bir seyin bir
bilgisi bizi buytik 6lctide 6tekinin bir bilgisine
dogru goturir. Eger bildigimizin timu iliski
ise, ve eger bir ¢ift seyin tim iliskileri bir baska
ciftin tim iliskilerine karsilik diistiyorsa, onlari
ayirdetmemizi saglamak icin baska birsey ile
iliski ayrimi olmadikga, tek bir benzerlik noktasi
bulunmasa bile bir cifti 6tekinden ayirdetmek
gu¢ olacaktir. Boyle yanlisliklar matematiksel
ve fiziksel andirimlar disinda kolay kolay yer
alamaz, ama eger bireysel ansal insanin yapi-
sin1 inceleyeceksek, ve tim uslamlamalarimizi
bir yanda toplum yasalarindan ya da 6te yanda
sinir dokusunun yasalarindan tireteceksek,
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yararli yardimlar1 aldanmacalara cevirebiliriz.
Belki de doganin “kitab1” denmis olan seyin
sayfalar1 diizenlidir; eger Oyle ise, hi¢ kuskusuz
giris boliimleri arkadan gelenleri aciklayacak, ve
ilk boltimlerde 6gretilen yontemler sorgusuzca
alinarak dersin daha ileri parcalarinda 6rnekler
olarak kullanilacaktir; ama eger hicbir bicimde
bir “kitap” degil, ama bir dergi ise, bir boltiimiin
bir baskasi tizerine 1s1ik distrebilecegini san-
maktan daha aptalca birsey yoktur.

Belki de sonraki en dikkate deger andirim
tim seylerin yerine getirmeleri gereken islev-
lere uygun olarak yapilmalarin belirleyen ilke,
yasa, tasar ile bir insanin isleyecek seyler yapma
niyeti arasindadir. Sonsal nedenler 6gretisi,
gerci dislayict biciminde alindiginda kisirlik
dretici olsa da, hic¢ kuskusuz doga tizerine aras-
tirmalara biiyik 6l¢tide yardimc olmustur; ve
eger yalnizca andirimin varolusunu ileri stirer-
sek, ve bicimini belirlemeyi goézleme birakirsak,
gerceklikten cok uzaga gotiriulemeyiz.

Otekini kendi zemininde ortadan kaldiriyor
gorinen bir baska andirim daha vardir ki, seyle-
rin belli bir tip-ortaklig1 tasimak tizere yapilma-
larmni belirleyen ilke, yasa, ya da tasar ile insan
sanatcilar1 ayn1 modelin tirltliklerine gore
degisik seylerin bir kiimesini yapmaya gottren
sey arasinda yer alir. Burada gértintirde sonsal
neden andirim ya da tirdesliktir—yararhigin
dislanmasi kosulu ile.

Ve timiinden sonra Gzerimize gelen ve mate-
matiksel zorunlugun sertligi icinde pirildayarak
bize tasarda uyum, yararlik ya da moral imlem
gibi seylerden hi¢ s6z etmeyen ikincil kristal
bicimler vardir—kiiresel trigonometriden ve
Napier’in andirimlarindan daha 6tesi olma-
yan seyler. Bu koseli cisimlerin dersini insan
bilgisinin alanindan koért kértne disladigimiz
icindir ki anliklarimizin Gretmesi gereken yasa-
larin yalnizca 6zdek yasalar1 oldugu, ve anligin
biricik yasalarinin onun icin 6zdek tarafindan
iretildigi bicimindeki buiytik 6greti konusunda
kuskumuz stirmektedir.

of the nervous tissue on the other,
we may chance to convert useful
helps into wills-of-the-wisp. Perhaps
the «book,» as it has been called, of
nature is regularly paged; if so, no
doubt the introductory parts will
explain those that follow, and the
methods taught in the first chap-
ters will be taken for granted and
used as illustrations in the more
advanced parts of the course; but
if it is not a «book» at all, but a
magazine, nothing is more foolish
to suppose that one part can throw
light on another.

Perhaps the next most re-
markable analogy is between the
principle, law, or plan according
to which all things are made suit-
ably to what they have to do, and
the intention which a man has of
making things which will work.
The doctrine of final causes, al-
though productive of barrenness
in its exclusive form, has certainly
been a great help to inquirers into
nature; and if we only maintain
the existence of the analogy, and
allow observation to determine its
form, we cannot be led far from
the truth.

There is another analogy
which seems to be supplanting the
other on its own ground, which
lies between the principle, law,
or plan, according to which the
forms of things are made to have
a certain community of type, and
that which induces human artists
to make a set of different things
according to varieties of the same
model. Here apparently the final
cause is analogy or homogeneity,
to the exclusion of usefulness.

And last of all we have the sec-
ondary forms of crystals bursting
in upon us, and sparkling in the
rigidity of mathematical necessity,
and telling us neither of harmony
of design, usefulness, or moral sig-
nificance—nothing but spherical
trigonometry and Napier’s analo-
gies. It is because we have blindly
excluded the lesson of these an-
gular bodies from the domain of
human knowledge that we are still
in doubt about the great doctrine
that the only laws of matter are
those which our minds must fab-
ricate, and the only laws of mind
are fabricated for it by matter.



James Clerk Maxwell
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Ether, or Ather (aifnp, probably
from aifw, I burn, though Plato
in his Cratylus derives the name
from its perpetual motion—6tt
ael mepl TOvV aépa péov, aiiben
dikaing dv kohoito), a material
substance of more subtle kind
than visible bodies, supposed
to exist in those parts of space
which are apparently empty.
The hypothesis of an @ther has
been maintained by different spec-
ulators for very different reasons.
To those who maintained the exis-
tence of a plenum as a philosophi-
cal principle, nature’s abhorrence
of a vacuum was a sufficient reason
for imagining an all-surrounding
xther, even though every other
argument should be against it. To
Descartes, who made extension the
sole essential property of matter,
and matter a necessary condition
of extension, the bare existence of
bodies apparently at a distance was
a proof of the existence of a contin-
uous medium between them.

But besides these high meta-
physical necessities for a medium,
there were more mundane uses to
be fulfilled by zethers. Athers were
invented for the planets to swim in,
to constitute electric atmospheres
and magnetic effluvia, to convey
sensations from one part of our
bodies to another, and so on, till
all space had been filled three or
four times over with xthers. It is
only when we remember the ex-
tensive and mischievous influence
on science which hypotheses about
xthers used formerly to exercise
that we can appreciate the horror
of a@thers which sober-minded men

James Clerk Maxwell
Ether*
(1875)

Ether, ya da Ather (aibWp/aither) , biylk ola-
silikla aibw/aitho “yakarim”dan, ger¢i Platon
Kratilusunda ad1 onun bitimsiz deviminden
tiretiyor olsa da—0tt dei mepi 1oV dépa péav,
aéifen dikaing Gv kodoito),' uzayin goérunirde
bos olan parcalarinda varoldugu sanilan ve
gorulir cisimlerden daha ince bir tir 6zdeksel
t6z. Bir ether hipotezi degisik kuramcilar tara-
findan ¢ok degisik nedenlerle ileri sirulda.
Felsefi bir ilke olarak bir plenumun varolusunu
ileri stirenler i¢cin doganin bir vakumdan nefret
etmesi herseyi kusatan bir ether imgelemek
icin yeterli idi, Gstelik baska her uslamlama
ona kars1 olsa bile. Uzami 6zdegin biricik 6zsel
ozelligi, ve 6zdegi uzamin zorunlu bir kosulu
yapan Descartes icin gértntirde birbirinden
uzak cisimlerin salt varolusu bile aralarindaki
sturekli ortamin varolusunun bir taniti idi.
Ama bir ortam i¢in bu yiiksek metafiziksel
zorunluklarin yanisira, etherler tarafindan
yerine getirilecek daha diinyasal isler de vardi.
iglerinde gezegenlerin yltizmesi igin, elektrik-
sel atmosferler ve manyetik effluvia olusturmak
icin, duyumlar1 bedenlerimizin bir bélimiin-
den bir baskasina iletmek icin vb. etherler
icat edildi, ta ki sonunda tiim uzay etherler
ile ti¢ dort kez dolup tasincaya dek. Ancak
etherler tizerine hipotezlerin daha énceleri
bilim tizerinde yarattig1 yaygin ve zararh etkiyi
amimsadigimiz zamandir ki on sekizinci ylz-
yil sirasinda agirbash insanlarin etherlerden

*[ Encyclopaedia Britannica’dan, 9"uncu yayim, Vol. VIIL, pp. 568-72.]
![Platon: Kratilus [410b]: “Ether (aibnp/aither, hava, gok) sézctigiint bu yolda anlaya-
cagim; her zaman havada akip gitigi icin (el 0gl nepi tov aépa pgov), ona debenpa demek

dogru olabilir.”]
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duyduklar1 ve buiytik olasilikla giderek bir
tir kalitsal 6nyargi olarak merhum Mr. John
Stuart Mill’e dek ulasan dehseti anlayabiliriz.

Newton’in izleyicileri gok cisimlerinin kar-
silikl1 yercekimleri olgusunda, Newton’in
yasasina gore, onlarin devimlerinin tam bir
nicel aciklamasini bulduklarini ileri stirdtiler;
ve elektriksel ve manyetik cisimlerin ¢ekme
ve itmelerini ve cisimlerin icerisindeki kohe-
zif kuvvetleri arastirip 6lcerek, ama bunu bu
kuvvetleri aciklama girisiminde bulunma-
dan yaparak, Newton’in a¢gmis oldugu yolun
sonuna varmaya c¢alistilar. Bununla birlikte,
Newton’in kendisi yercekimini bir etherdeki
basing¢ ayrimlar: yoluyla aciklamaya calist;
ama kuramini yayimlamadi, “ciinkii deney-
den ve g6zlemden bu ortamin kendisi ve
doganin baslica fenomenini GretmedeXki isle-
yis tarz1 Uizerine doyurucu bir aciklama ver-
meyi basaramadi.”

Ote yandan, fenomenleri aciklayabilmek
icin etherler imgelemis olanlar bu ortamla-
rin deviminin dogasini belirleyemediler, ve
imgeledikleri ortamlarin agiklama niyetinde
olduklar etkileri trettigini tanitlayamadi-
lar. Ayakta kalan biricik ether 151k yayilimini
aciklamak icin Huygens tarafindan icat edilen
etherdir. Isiksal etherin varolusu icin kanit
birikimi ek 1s1k fenomenleri ve baska 1simalar
kesfedildikce artt1; ve bu ortamin 6zellikleri-
nin, 151k fenomenlerinden cikarsandig gibi,
tam olarak elektromanyetik fenomenleri acik-
lamak i¢in gerekenler gibi oldugu bulundu.

Etherin Issmanm Yayvmindaki Islevi.—Dalga
151k kurama icin kanit tam olarak ISIK izerine
makale altinda verilecektir, ama burada ethe-
rin varolusu ile ilgili oldugu 6l¢iide kisa bir
Ozetini verebiliriz.

Isigin kendisinin bir t6z olmadig: girisim
fenomeninden tanitlanabilir. Tek bir kaynak-
tan ¢ikan bir 151k 15101 belli optik yontem-
ler yoluyla iki parcaya bolinir, ve bunlar
ayr1 yollardan gectikten sonra, yeniden

had during the eighteenth century,
and which, probably as a sort of he-
reditary prejudice, descended even
to the late Mr. John Stuart Mill.

The disciples of Newton main-
tained that in the fact of the mutual
gravitation of the heavenly bodies,
according to Newton’s law, they had
a complete quantitative account of
their motions; and they endeavoured
to follow out the path which Newton
had opened up by investigating and
measuring the attractions and re-
pulsions of electrified and magnetic
bodies, and the cohesive forces in
the interior of bodies, without at-
tempting to account for these forces.
Newton himself, however, endeav-
oured to account for gravitation by
differences of pressure in an wther;
but he did not publish his theory,
“because he was not able from ex-
periment and observation to give a
satisfactory account of this medium,
and the manner of its operation in
producing the chief phenomena of
nature.”

On the other hand, those who
imagined @thers in order to explain
phenomena could not specify the
nature of the motion of these media
and could not prove that the media,
as imagined by them, would pro-
duce the effects they were meant to
explain. The only ather which has
survived is that which was invented
by Huygens to explain the propaga-
tion of light. The evidence for the
existence of the luminiferous ather
has accumulated as additional phe-
nomena of light and other radiations
have been discovered; and the prop-
erties of this medium, as deduced
from the phenomena of light, have
been found to be precisely those re-
quired to explain electromagnetic
phenomena.

Function of the ether in the propaga-
tion of radiation.—The evidence for
the undulatory theory of light will
be given in full, under the article on
LIGHT, but we may here give a brief
summary of it so far as it bears on the
existence of the ather.

That light is not itself a substance
may be proved from the phenome-
non of interference. A beam of light
from a single source is divided by
certain optical methods into two
parts, and these, after travelling by
different paths, are made to reunite
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and fall upon a screen. If either
half of the beam is stopped, the
other falls on the screen and illu-
minates it, but if both are allowed
to pass, the screen in certain plac-
es becomes dark and thus shows
that the two portions of light have
destroyed each other.

Now, we cannot suppose that
two bodies when put together
can annihilate each other; there-
fore light cannot be a substance.
‘What we have proved is that one
portion of light can be the exact
opposite of another portion, just
as +a is the exact opposite of
—a, whatever @ may be. Among
physical quantities we find some
which are capable of having their
signs reversed, and others which
are not. Thus a displacement in
one direction is the exact op-
posite of an equal displacement
in the opposite direction. Such
quantities are the measures, not
of substance, but always of pro-
cesses taking place in a substance.
We therefore conclude that light
is not a substance but a process
going on in a substance, the pro-
cess going on in the first portion
of light being always the exact
opposite of the process going on
in the other at the same instant,
so that when the two portions are
combined no process goes on at
all. To determine the nature of
the process in which the radia-
tion of light consists, we alter the
length of the path of one or both
of the two portions of the beam,
and we find that the light is ex-
tinguished when the difference
of the length of the paths is an
odd multiple of a certain small
distance called a half wavelength.
In all other cases there is more or
less light; and when the paths are
equal, or when their difference is
a multiple of a whole wavelength,
the screen appears four times as
bright as when one portion of the
beam falls on it. In the ordinary
form of the experiment these dif-
ferent cases are exhibited simul-
taneously at different points of
the screen, so that we see on the
screen a set of fringes consisting a
dark lines at equal intervals, with
bright bands of graduated inten-
sity between them.

birlestirilip bir perde tizerine dusurilir. Eger
1s1inin her iki yarisindan biri durdurulursa,
oteki 151n perde uzerine diiser ve onu aydin-
latir; ama ikisinin de ge¢mesine izin verilirse,
perde belli yerlerde kararir ve boylece 1s181n
iki parcasinin birbirini yok ettigini gosterir.

Simdi, iki cismin biraraya koyulduklarinda
birbirini yok edeceklerini varsayamayiz;
oyleyse 1s1k bir t6z olamaz. Tanitladigimiz sey
151810 bir bélimiiniin bir baska béliimiin tam
karsit1 olabilecegidir, tipki, @ ne olursa olsun,
+ a'nin — @’'nin tam karsit1 olmasi gibi. Fiziksel
niceliklerin arasinda imlerinin tersine cevril-
mesine izin veren kimilerini, ve bu yetenegi
gostermeyenleri buluruz. Béylece, bir yondeki
yer degisimi karsit yonde esit bir yer degisi-
minin tam karsitidir. Béyle nicelikler t6zlerin
degil, ama her zaman bir tézde yer alan stirec-
lerin Ol¢uleridir. Boylece cikardigimiz vargi 1s1-
gin bir to6z olmadig1 ama bir tézde stirmekte
olan bir strec oldugu, ¢iinki 151810 ilk boli-
miinde sirmekte olan stirecin ayn1 kipida 6te-
kinde suirmekte olan stirecin her zaman tam
karsit1 oldugu ve boylece iki bolim birlestiril-
digi zaman stirecek hicbir stirecin kalmadigi-
dir. Isigin 1s1masini olusturan siirecin dogasini
belirlemek icin 1s1nin iki boliimunden salt
birinin ya da her ikisinin yolunun uzunlu-
gunu degistiririz, ve yollarin uzunluklar:
arasindaki ayrim bir yar1 dalga-boyu denilen
belli bir kiiciik uzaklhigin tek sayili kat1 oldugu
zaman 1511n sé6ndigini buluruz. Tim baska
durumlarda az ya da ¢ok 1s1k vardir; ve yollar
esit oldugu zaman, ya da ayrimlar: bir biitin
dalga-boyunun katlar1 oldugu zaman, perde
1sin1n bir bolimu tizerine dustigi zaman
oldugundan doért kat daha parlak gorintr.
Deneyin olagan biciminde bu ayr1 ayr1 durum-
lar perdenin degisik noktalarinda eszamanl
olarak sergilenir, 6yle ki perde tizerinde arala-
rinda dereceli yeginlikte parlak bantlar ile esit
aralikli karanlik ¢izgilerden olusan bir sacaklar
kiimesi goruriz.
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Eger ayni kipida 1s1k 1s1ninin eksenindeki
degisik noktalarda neyin siirmekte oldugunu
irdelersek, noktalar arasindaki uzaklik bir dal-
ga-boyunun katlar1 oldugu zaman ayni kipida
iki noktada ayni siirecin siirmekte oldugunu,
ama uzaklik yarim dalga-boyunun tek katlar
oldugu zaman bir noktada stirmekte olan siire-
cin bir baskasinda siirmekte olanin tam karsiti
oldugunu buluruz.

Simdi, 1s181n belli bir hiz ile yayildig: bili-
nir— Cornu’ya gore, vakumda saniyede 3,004
x 10" santimetre. Buna gore, eger devinebilir
bir noktanin 151 boyunca bu hiz ile gittigini
varsayarsak, devinen nokta 1sina erisirken onun
her noktasinda ayni siirecin sirmekte oldugunu
bulacagiz. Eger, son olarak, 1s1nin ekseni tze-
rinde duragan bir nokta dustinursek, bu karsit
stireclerin hizli bir almasini gézleyecegiz ve ben-
zer strecler arasindaki zaman aralig1 1181n bir
dalga-boyunu ge¢mek icin aldig1 stire olacaktir.

Bu fenomenler su matematiksel anlatimda
toparlanabilir:

u=Acos(nt— px+ a)

ki bu anlatim 1sindaki degismez bir noktadan
Olctlen uzaklig1 x olan bir noktada, ve bir ¢
zamaninda, stirecin evresini, u, Verir.

Sturecin dogasina iliskin olarak hicbirsey
belirlemedik. Bu bir yer degisimi, ya da bir
donme, ya da elektriksel bir karisiklik, ya da
giderek hem pozitif hem de negatif degerler
almaya yetenekli herhangi bir fiziksel nicelik
olabilir. Stirecin dogas1 ne olursa olsun, eger bu
bicimde bir denklem ile anlatilabilirse, degis-
mez bir noktada stirmekte olan stirece bir tit-
resim denir; A degismezine genlik denir; 2r/n
zamani donem olarak adlandirilir; ve nt— px +
aise evredir.

Verili bir kipidaki betilenime bir dalga, ve
2n/p uzakhgina dalga-boyu denir. Yayilma hizi
n/p’dir. Ortamin ayr1 bélimlerini ardarda ayni
stirec icinden geciyor olarak distindugimuz
zaman, stirecin fiziksel dogasini1 herhangi bir

If we consider what is going on
at different points in the axis of a
beam of light at the same instant,
we shall find that if the distance
between the points is a multiple
of wavelength the same process is
going on at the two points at the
same instant, but if the distance
is an odd multiple of half a wave-
length the process going on at
one point is the exact opposite of
the process going on at the other.

Now, light is known to be propa-
gated with a certain velocity (3.004
“ 10" centimetres per second in
vacuum, according to Cornu). If,
therefore, we suppose a movable
point to travel along the ray with
this velocity, we shall find the same
process going on at every point of
the ray as the moving point reaches
it. If, lastly, we consider a fixed point
in the axis of the beam, we shall ob-
serve a rapid alternation of these
opposite processes, the interval of
time between similar processes be-
ing the time light takes to travel a
wavelength.

These phenomena may be
summed up in the mathematical
expression

u=Acos(nt— px+ a)

which gives u, the phase of the
process, at a point whose distance
measured from a fixed point in
the beam is x, and at a time £

We have determined nothing
as to the nature of the process. It
may be a displacement, or a rota-
tion, or an electrical disturbance,
or indeed any physical quantity
which is capable of assuming
negative as well as positive values.
Whatever be the nature of the
process, if it is capable of being
expressed by an equation of this
form, the process going on at a
fixed point is called a vibration; the
constant A is called the amplitude;
the time 27/n is called the period;
and nt— px + ais the phase.

The configuration at a given
instant is called a wave, and the
distance 2nt/p is called the wave-
length. The velocity of propagation
is n/p. When we contemplate the
different parts of the medium as
going through the same process
in succession, we use the word



