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Preface (1877)

Physical Science, which up to the end of the
eighteenth century had been fully occupied
in forming a conception of natural
phenomena as the result of forces acting
between one body and another, has now
fairly entered on the next stage of progress
that in which the energy of a material
system is conceived as determined by the
configuration and motion of that system,
and in which the ideas of configuration,
motion, and force are generalised to the
utmost extent warranted by their

physical definitions.

To become acquainted with these
fundamental ideas, to examine them under
all their aspects, and habitually to guide the
current of thought along the channels of
strict dynamical reasoning, must be the
foundation of the training of the student
of Physical Science.

The following statement of the
fundamental doctrines of Matter and
Motion is therefore to be regarded as
an introduction to the study of Physical
Science in general.

J- Clerk Maxwell

Onsoz (1877)

On sekizinci ytizyilin sonuna dek tam olarak
dogal fenomenleri bir cisim ve bir baskas1
arasinda etkide bulunan kuvvetlerin sonucu
olarak kavrama ugrasina girisen fizik bilimi
simdi hakli olarak sonraki ilerleme evresine
girdi: Bundan boyle bir 6zdeksel dizgenin
enerjisi o dizgenin betilenim ve devimi tara-
findan belirlenmis olarak kavranir, ve bun-
dan boyle betilenim, devim ve kuvvet idea-
lar1 fiziksel tanimlar tarafindan aklanan en
yuksek diizeye dek genellestirilir.

Bu temel diisiinceler ile tanismak, onlari
tim yanlar1 altinda irdelemek, ve dusiince
akisini sagin dinamik uslamlama stirecleri
boyunca ilerletme aliskanligini kazanmak
Fizik Biliminin 6grencisinin egitiminin
temeli olmalidur.

Oyleyse temel Ozdek ve Devim dgretileri-
nin asagidaki bildirimi genel olarak Fizik
Biliminin incelemesine bir giris olarak
gorialmelidir

J Clerk Maxwell
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MATTER AND MOTION

Chapter 1
Introduction

1. Nature of Physical Science

Physical science is that department of
knowledge which relates to the order
of nature, or, in other words, to the
regular succession of events.

The name of physical science,
however, is often applied in a more
or less restricted manner to those
branches of science in which the
phenomena considered are of the
simplest and most abstract kind,
excluding the consideration of the
more complex phenomena, such as
those observed in living beings. The
simplest case of all is that in which
an event or phenomenon can be
described as a change in the arrange-
ment of certain bodies.

Thus the motion of the moon may
be described by stating the changes
in her position relative to the earth
in the order in which they follow one
another.

In other cases we may know that
some change of arrangement has
taken place, but we may not be able
to ascertain what that change is.
Thus when water freezes we know
that the molecules or smallest parts
of the substance must be arranged
differently in ice and in water. We
also know that this arrangement in
ice must have a certain kind of sym-
metry, because the ice is in the form
of symmetrical crystals, but we have
as yet no precise knowledge of the ac-
tual arrangement of the molecules in
ice. But whenever we can completely
describe the change of arrangement
we have a knowledge, perfect so far
as it extends, of what has taken place,
though we may still have to learn the
necessary conditions under which a
similar event will always take place.

Hence the first part of physical
science relates to the relative posi-
tion and motion of bodies.

OZDEK VE DEVIM

Bolim 1
Giris

1. Fizik Biliminin Dogasi

Fizik Bilimi bilginin doga duzeni ile, ya da
baska bir deyisle, olaylarin kuralli ardisiklig
ile ilgili bolimudur.

Ama fizik bilimi adi sik s1k az ya da ¢ok
kisith bir yolda kullanilir, ve dirimli varlik-
larda g6zlenen fenomenler gibi daha karma-
stk fenomenlerin irdelemesi dislayan ve en
yalin ve en soyut tiirden fenomenleri irdele-
yen bilim dallarina uygulanir.

Tumi icinde en yalin durum bir olay ya da
fenomenin belli cisimlerin diizenlenisindeki bir
degisim olarak betimlenebilecegi durumdur.
Boylece ayin devimi yerytzi ile goreli konu-
mundaki degisimlerin birbirini izleyis diizeni
icinde bildirilmesi yoluyla betimlenebilir.

Baska durumlarda duzenlemede belli bir
degisimin yer aldigini bilebilir, ama o degisimin
ne oldugunu saptayamayabiliriz.

Boylece su dondugunda biliriz ki t6ziin mole-
kulleri ya da en kiictiik parcalar1 buzda ve suda
degisik yollarda duzenlenmis olmalidir. Yine
biliriz ki buzdaki bu diizenleme belli bir tiirde
bakisim goéstermelidir, ¢iinkii buz bakisik kris-
taller bicimindedir, ama simdilik buzdaki mole-
kuallerin edimsel diizenlemesine iliskin sagin bir
bilgimiz yoktur. Ama ne zaman diizenlemenin
degisimini tam olarak betimleyebilirsek, yer
almis olan sey tizerine diizeyi acisindan eksiksiz
bir bilgi tasiriz, tistelik heniiz benzer bir olayin
her zaman yer almasinin zorunlu kosullarini
o6grenmek zorunda olabilsek de.

Bu nedenle fizik biliminin birinci bélimu
cisimlerin goreli konum ve devimleri ile
ilgilidir.

13



14 MAXWELL

2. Ozdeksel Bir Dizgenin Tanimi

Her bilimsel islemde belli bir bolgeyi ya da
konuyu arastirmamizin alani olarak sinirlaya-
rak baslariz. Dikkatimizi bu alana sinirlamal,
giristigimiz arastirmayl tamamlayincaya dek
evrenin geri kalanini g6z ard1 etmeliyiz. Buna
gore, fizik biliminde ilk adim bildirimlerimi-
zin konusu yaptigimiz 6zdeksel dizgeyi acik
olarak tanimlamaktir. Bu dizge herhangi bir
karmasa derecesinde olabilir. Tek bir 6zdek-
sel parcaciktan, sonlu buyuklikte bir cisim-
den, ya da herhangi bir sayida boyle cisimden
olusabilir, ve giderek biitiin 6zdeksel evreni
kapsayacak denli genisletilebilir.

3. icselin Ve Dissalin Tanimi

Bu dizgenin bir parcas1 ve bir baskas1 arasin-
daki tiim iligkilere ya da eylemlere i¢seliliskiler
ya da eylemler denir.

Dizgenin butini ya da herhangi bir par-
cast ile dizgede icerilmeyen cisimler arasin-
daki iliskilere dessal iliskiler ya da eylemler
denir. Bunlar ancak dizgenin kendisini etki-
ledikleri dlizeye dek inceler, ve dissal cisimler
uzerindeki etkilerini irdeleme dis1 birakiriz.
Dizgede icerilmeyen cisimler arasindaki iliski
ve eylemler irdeleme disinda birakilacaktir.
Onlari dizgemizin bu bagka cisimleri de kap-
samasini saglamaksizin arastiramayiz.

4. Betilenimin Tanimi
Ozdeksel bir dizge parcalarmin goreli konumu
acisindan irdelendiginde, goéreli konumlarin
toparlanmasina dizgenin betilenimi denir.
Dizgenin verili bir kipidaki betileniminin
bir bilgisi dizgenin her noktasinin konumu-
nun o kipidaki her baska nokta acisindan bir
bilgisini imler.

5. Cizgeler

Ozdeksel dizgelerin betilenimi modellerde,
planlarda ya da cizgelerde temsil edilebilir.
Model ya da cizgenin 6zdeksel dizgeyi yalnizca
bicimde andirmas: gerekir, zorunlu olarak
baska herhangi bir bakimdan degil.

2. Definition of a Material System

In all scientific procedure we begin
by marking out a certain region or
subject as the field of our investiga-
tions. To this we must confine our
attention, leaving the rest of the
universe out of account till we have
completed the investigation in which
we are engaged. In physical science,
therefore, the first step is to define
clearly the material system which we
make the subject of our statements.
This system may be of any degree of
complexity. It may be a single ma-
terial particle, a body of finite size,
or any number of such bodies, and
it may even be extended so as to in-
clude the whole material universe.

3. Definition of Internal and
External
All relations or actions between one
part of this system and another are
called Internal relations or actions.
Those between the whole or any
part of the system and bodies not
included in the system are called
External relations or actions. These
we study only so far as they affect the
system itself, leaving their effect on
external bodies out of consideration.
Relations and actions between bod-
ies not included in the system are
to be left out of consideration. We
cannot investigate them except by
making our system include these
other bodies.

4. Definition of Configuration
When a material system is consid-
ered with respect to the relative
position of its parts, the assemblage
of relative positions is called the
Configuration of the system.

A knowledge of the configuration
of the system at a given instant implies
a knowledge of the position of every
point of the system with respect to
every other point at that instant.

5. Diagrams

The configuration of material systems
may be represented in models, plans,
or diagrams. The model or diagram
is supposed to resemble the material
system only in form, not necessarily

in any other respect.



MATTER AND MoTION / OZDEK VE DEVIM

15

A plan or a map represents on
paper in two dimensions what may
really be in three dimensions, and
can only be completely represented
by a model. We shall use the term
Diagram to signify any geometrical
figure, whether plane or not, by
means of which we study the proper-
ties of a material system. Thus, when
we speak of the configuration of a
system, the image which we form
in our minds is that of a diagram,
which completely represents the
configuration, but which has none
of the other properties of the mate-
rial system. Besides diagrams of con-
figuration we may have diagrams of
velocity, of stress, etc., which do not
represent the form of the system,
but by means of which its relative
velocities or its internal forces may
be studied.

6. A Material Particle

A body so small that, for the purpos-
es of our investigation, the distances
between its different parts may
be neglected, is called a material
particle.

Thus in certain astronomical in-
vestigations the planets, and even
the sun, may be regarded each as
a material particle, because the
difference of the actions of differ-
ent parts of these bodies does not
come under our notice. But we can-
not treat them as material particles
when we investigate their rotation.
Even an atom, when we consider
it as capable of rotation, must be
regarded as consisting of many ma-
terial particles.

The diagram of a material par-
ticle is of course a mathematical
point, which has no configura-
tion.

7. Relative Position of Two

Material Particles
The diagram of two material par-
ticles consists of two points, as, for
instance, A and B.

The position of B relative to A
is indicated by the direction and
length of the straight line AB
drawn from A to B. If you start from
Aand travel in the direction indicat-
ed by the line AB and for a distance
equal to the length of that line, you

Bir plan ya da harita gercekte ti¢c boyutta
olabileni ve ancak bir model tarafindan tam
olarak temsil edilebileni kagit tizerinde iki
boyutta temsil eder. Cizge terimini 6zdeksel
bir dizgenin 6zelliklerini incelememizi sagla-
yan ve diizlem olabilen ya da olmayabilen her-
hangi bir geometrik betiyi belirtmek i¢in kulla-
nacagiz. Boylece, bir dizgenin betileniminden
sOz ettigimiz zaman, kafamizda olusturdugu-
muz imge bir cizgenin imgesidir ki betilenimi
tam olarak temsil eder, ama 6zdeksel dizgenin
baska 6zelliklerinden hic birini tasimaz. Betile-
nim cizgelerinin yanisira hiz, gerginlik vb. ¢iz-
geleri de olabilir ki, bunlar dizgenin bicimini
temsil etmeseler de, goreli hizlarinin ya da ic¢
kuvvetlerinin incelenmesini saglayabilirler.

6. Bir Ozdeksel Parcacik

Incelememizin amaclar: icin, degisik parcalari
arasindaki uzakliklar: gézard: edilebilecek
denli kiictik olan bir cisme bir dzdeksel parca-
ctk denir.

Boylece belli gokbilimsel arastirmalarda
gezegenlerin ve giderek giinesin bile her
biri bir 6zdeksel parcacik olarak goérilebi-
lir, ¢tink bu cisimlerin degisik parcalarinin
eylemleri arasindaki ayrimi dikkate almayiz.
Ama ¢evrimlerini arastirirken onlart 6zdek-
sel parcaciklar olarak ele alamayiz. Giderek
bir atom bile, onu ¢evrime yetenekli olarak
distindigtmuzde, bircok 6zdeksel parcacik-
tan olusuyor olarak gértulmelidir.

Bir 6zdeksel parcacik cizgesi hi¢ kuskusuz
hic¢bir betilenimi olmayan matematiksel bir
noktadir.

7. iki Ozdeksel Pargacigin Géreli Konumu
Iki 6zdeksel parcacigin cizgesi 6rnegin A ve B
gibi iki noktadan olusur.

B’nin A ile goreli konumu A dan Be cizi-
len AB dogru cizgisinin yon ve uzunlugu tara-
findan belirtilir. Eger A’dan baslar ve AB ciz-
gisi tarafindan belirtilen yonde ve o ¢izginin
uzunluguna esit bir uzaklikta giderseniz, B’yi
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elde edersiniz. Bu yon ve uzaklik AB ’ye kosut
ve esit olan ab gibi herhangi bir baska cizgi
tarafindan esit 6l¢tide iyi olarak belirtilebilir.
A’nin B acgisindan konumu B'den A ya cizilen
BA cizgisinin, ya da BA 'ya esit ve kosut ba
¢izgisinin yon ve uzunlugu tarafindan belirtilir.

Acikur ki BA =— BA.

Bir ¢izgiyi uclarinda harfler yoluyla adlandir-
mada harflerin siras1 her zaman ¢izginin cizilis
strasidir.

8. Vektérler*

Geometride AB anlatimi yalnizca bir ¢izginin
adidir. Burada ¢izginin ¢izilmesi islemini, iz
birakan bir noktay: belli bir yéonde belli bir
uzaklik boyunca ilerletme islemini belirtir. Bir
islemi belirttigi icin, AB 'ye bir vektér denir,
ve islem tam olarak aktarimin yon ve uzakhgi
tarafindan tanimlanir. Vektorun kdkeni de
denilen baslangic noktasi herhangi bir yerde
olabilir.

Sonlu bir dogru c¢izgiyi tanimlamak icin yon
ve uzunlugunu oldugu gibi kokenini de bildir-
meliyiz. Bununla birlikte, kosut olan (ve ayni
parcalara dogru cizilen) ve ayni buyuklikte
olan tiim vektorler esit olarak gorulur.

Ornegin bir hiz ya da kuvvet gibi belli bir
yont ve belli bir buytklugt olan her nicelik bir
vektor olarak alinabilir ve yont vektoére kosut
olan ve uzunlugu belirli bir 6lcege gore vekto-
rin buytkliguni temsil eden dogru bir ¢izgi
yoluyla bir cizgede belirtilebilir.

9. U¢ Pargacikh Dizge
Sonra bir ti¢ parcacik dizgesini irdeleyelim.
Betilenimi A, B, Cgibi ti¢ noktadan olusan bir
cizge tarafindan temsil edilir.
B nin A acisindan konumu AB vektori tara-
findan, ve C nin Bacismdan konumu BC vek-
toru tarafindan belirtilir.

will get to B. This direction and
distance may be indicated equally
well by any other line, such as  ab
, which is parallel and equal to
‘AB .The position of A with respect
to Bis indicated by the direction
and length of the line BA , drawn
from B to A, or the line E, equal
and parallel to BA .

Itis evident that BA =— AB .

In naming a line by the letters
at its extremities, the order of the
letters is always that in which the
line is to be drawn.

8. Vectors

The expression AB , in geometry,
is merely the name of a line. Here
it indicates the operation by which
the line is drawn, that of carrying a
tracing point in a certain direction-
jeor a certain distance. As indicating
an operation, AB iscalleda Vector,
and the operation is completely de-
fined by the direction and distance
of the transference. The starting
point, which is called the Origin of
the vector, may be anywhere.

To define a finite straight line
we must state its origin as well as
its direction and length. All vectors,
however, are regarded as equal
which are parallel (and drawn to-
wards the same parts) and of the
same magnitude.

Any quantity, such, for instance,
as a velocity or a force*, which has
a definite direction and a definite
magnitude may be treated as a
vector, and may be indicated in a
diagram by a straight line whose di-
rection is parallel to the vector, and
whose length represents, according
to a determinate scale, the magni-
tude of the vector.

9. System of Three Particles

Let us next consider a system of
three particles.

Its configuration is represent-
ed by a diagram of three points,
A, B C.

The position of B with respect
to A is indicated by the vector AB s
and that of Cwith respect to B by
the vector BC.

#[ Ozdek ve Devim’de Maxwell vektor simgesini harfler tizerine yerlestiren bir dogru cizgi

ile gosterir. ]
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Fig. 1 It is mani-
© fest that from
these data,
when A is
known, we
can find Band
then C, so that
the configuration of the three
points is completely determined.
The position of C with re-

A B

spect to A is indicated by the
vector AC | and by the last re-
mark the value of AC must be
deducible from those of AB
and BC.

The result of the operation
AC is to carry the tracing point
from A to C. But the result is the
same if the tracing point is car-
ried first from A to Band then
from Bto C, and this is the sum
of the operations AB +BC.

10. Addition of Vectors

Hence the rule for the addition of
vectors may be stated thus: From
any point as origin draw the suc-
cessive vectors in series, so that
each vector begins at the end of
the preceding one. The straight
line from the origin to the extrem-
ity of the series represents the vec-
tor which is the sum of the vectors.

The order of addition is indiffer-
ent, for if we write BC+ AB . the
operation indicated may be per-
formed by drawing AD parallel
and equal to BC, and then join-
ing DC, which, by Euclid, I. 33,
is parallel and equal to AB, so
that by these two operations we
arrive at the point Cin whichev-
er order we perform them.

The same is true for any
number of vectors, take them
in what order we please.

11. Subtraction of One
Vector From Another

To express the position of Cwith
respect to Bin terms of the po-
sitions of Band Cwith respect
to A, we observe that we can get
from B to C either by passing
along the straight line BC or by
passing from B to A and then
from A to C. Hence
BC - AC+ BA

= AC + BA since the order

of addition is indifferent

= AC-AB since AB is equal
and opposite to BA. Or the

Aciktir ki bu veriler- Beti 1
den A bilindigi zaman D o]
B’ yive sonra C’yi bulabi-
liriz, ve Oyle ki ti¢ nokta-
nin betilenimi tam olarak
belirlenir.

C’nin A acisindan
konumu AC vektorii
tarafindan belirtilir, ve
bu son aciklamaya gére AC 'nin degeri AB ve
BC ’nin degerlerinden ¢ikarsanabilir olmalhdar.

AC isleminin sonucu cizim noktasini A’dan
C’ye tasimaktir. Ama sonug ¢izim noktasinin
ilkin A’dan B’ye ve sonra B’den C’ye gotiriil-
mesi durumunda olan ile aynidir, ve bu AB +
BC islemlerinin toplamudir.

A B

10. Vektérlerin Toplamasi
Bu nedenle vektorlerin toplami i¢in kural soyle
bildirilebilir: Kéken olarak herhangi bir nokta-
dan ardisik vektorleri bir dizi icinde ¢izin, éyle ki
her bir vektor 6ncekinin sonunda baslasin. Dizi-
nin kokeninden ucuna dogru giden ¢izgi vektor-
lerin toplami olan vektori temsil eder.

Toplamanin swrase ilgisizdir; ¢iinkii eger BC +
AB yazarsak, belirtilen islem BC ’ye kosut ve esit
AD yi cizerek ve sonra DC yi birlestirerek yerine
getirilebilir, ki bu, Euklides, I, 33’e gére, AB ye
kosut ve esittir, dyle ki bu iki islem yoluyla, onlari
hangi sira icinde yerine getirirsek getirelim, C
noktasina variriz.

Vektorleri hangi sira icinde alirsak alalim, ayn1
sey her sayida vektor icin dogrudur.

11. Bir Vektoriin Bir Baskasindan Cikarmasi
C’nin B acgisindan konumunu A acisindan B ve
C’nin konumlarinin terimlerinde anlatmak i¢in,
B’den C’ye ya BC dogru cizgisi boyunca gecerek
ya da B’den A’ya ve sonra A’dan C’ye gecerek
ulasabilecegimizi goriiriiz. Bu nedenle
BC= BA + AC

= AC + BA ciinkii toplama sirasi ayridir.

= AC - AB ciinkii AB BA ’ya esit ve karsit-
tr. Ya da C’nin B acisindan konumunu anlatan
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BC vektoriit B'nin vektoriniin C’nin vekto-
runden cikarilmas: yoluyla bulunur, ¢ctinki
bu vektorler herhangi bir ortak A kdkeninden
sirastyla Bve C’ye cizilmislerdir.

12. Vektérlerin Kékeni
Ozdeksel bir dizgeye ait olan herhangi bir
sayida parcacigin konumlari belli bir noktadan
bu parcaciklarin her birine cizilen vektorler
araciligiyla tanimlanabilir. Bu noktaya vektorle-
rin kokeni, ya da daha kisa olarak, koken denir.

Bu vektorler dizgesi buitiin dizgenin beti-
lenimini belirler; ¢ciinkii eger bir B noktasi-
nin herhangi bir baska A noktasi acisindan
konumunu bilmeyi istersek, bu OA ve OB
vektorlerinden

AB = OB - OA

denklemi yoluyla bulunabilir. Kéken olarak
herhangi bir noktay1 secebiliriz, ve simdilik
su degil de bu noktay1 se¢memiz icin hicbir
neden yoktur. Dizgenin betilenimi — baska
bir deyisle, parcalarinin birbirleri acisindan
konumlar1 — kéken olarak hangi nokta seci-
lirse secilsin ayn1 kalir. Bununla birlikte, bir-
cok arastirma kokenin uygun bir secimi ile
kolaylasir.

13. iki Dizgenin Géreli Konumu

Beti 2 Eger her biri
kendi kokeni

P olan iki ayr1 diz-

: genin betilenim-

leri bilinirse, ve

o o sonra eger bu iki

dizgeyi diyelim ki
iki dizgeden birin-
cisi ile ayn1 kokeni olan daha buytk bir diz-
genin icerisine almayi istersek, ikinci dizgenin
kokeninin konumunu birincinin konumu agi-
sindan saptamali, ve ikinci dizgede birincideki
cizgilere kosut cizgiler cizebilmeliyiz.

Sonra, Konu 9’a gore, ikinci dizgedeki bir P
noktasimin O birinci kokeni acisindan konumu,
o noktanin O ikinci kokeni acisindan or

vector BC, which expresses the
position of Cwith respect to B, is
found by subtracting the vector of B
from the vector of C, these vectors
being drawn to Band Crespectively
from any common origin A.

12. Origin of Vectors

The positions of any number of
particles belonging to a material
system may be defined by means
of the vectors drawn to each of
these particles from some one
point. This point is called the ori-
gin of the vectors, or, more briefly,
the Origin.

This system of vectors deter-
mines the configuration of the
whole system; for if we wish to know
the position of any point Bwith re-
spect to any other point A, it may
be found from the vectors OA and
OB by the equation

AB=0B-O0A.

We may choose any point whatever
for the origin, and there is for the
pTCSCﬂ[ no reason \Vhy we should
choose one point rather than an-
other. The configuration of the
system that is to say, the position of
its parts with respect to each other
remains the same, whatever point
be chosen as origin. Many inquir-
ies, however, are simplified by a
proper selection of the origin.

13. Relative Position of Two
Systems
If the config-
urations of
two differ-

Fig. 2

ent SyStCITlS
are known,
cach system
having its
own origin, and if we then wish to
include both systems in a larger sys-
tem, having, say, the same origin as
the first of the two systems, we must
ascertain the position of the origin
of the second system with respect
to that of the first, and we must be
able to draw lines in the second
system parallel to those in the first.

Then by Article 9 the position of
a point Pof the second system, with
respect to the first origin, O, is rep-
resented by the sum of the vector
OP of that point with respect to
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the second origin, O’, and the vector
00’ of the second origin, O’, with re-
spect to the first, O.

14. Three Data For the
Comparison of Two Systems

We have an instance of this formation
of a large system out of two or more
smaller systems, when two neighbour-
ing nations, having each surveyed and
agree to
connect their surveys so as to include
both countries in one system. For this
purpose three things are necessary.
1st. A comparison of the origin

mapped its own territory,

selected by the one country with that
selected by the other.

2nd. A comparison of the direc-
tions of reference used in the two
countries.

3rd. A comparison of the stand-
ards of length used in the two coun-
tries.

1. In civilised countries latitude
is always reckoned from the equa-
tor, but longitude is reckoned from
an arbitrary point, as Greenwich or
Paris. Therefore, to make the map
of Britain fit that of France, we must
ascertain the difference of longitude
between the Observatory of Green-
wich and that of Paris.

2. When a survey has been made
without astronomical instruments,
the directions of reference have
sometimes been those given by the
magnetic compass. This was, I be-
lieve, the case in the original surveys
of some of the West India islands. The
results of this survey, though giving
correctly the local configuration of
the island, could not be made to fit
properly into a general map of the
world till the deviation of the magnet
from the true north at the time of the
survey was ascertained.

3. To compare the survey of
France with that of Britain, the me-
tre, which is the French standard of
length, must be compared with the
yard, which is the British standard of
length.

The yard is defined by Act of Par-
liament 18 and 19 Viet. c. 72, July 30,
1855, which enacts “that the straight
line or distance between the centres
of the transverse lines in the two gold
plugs in the bronze bar deposited in
the office of the Exchequer shall be

vektorunun, ve O ikinci kokeninin O birinci
kokeni acisindan OO' vektortniin toplami
tarafindan temsil edilir.

14. iki Dizgenin Karsilastirmasi igin Ug Veri

Iki ya da daha ¢ok sayida kiiciik dizgeden
buytk bir dizgenin bu olusumunun bir 6rne-
gini her biri kendi arazisini 6l¢tip haritalayan
iki komsu ulus 6l¢imleri her iki tlkeyi tek
bir dizgede kapsamak tizere bagimtilamada
anlastiklar1 zaman buluruz. Bu amac icin tg¢
sey zorunludur.

1. Bir tlke tarafindan secilen kékenin 6teki
tarafindan secilen ile bir karsilastirmasi.

2. ki iilkede kullanilan génderme yonleri-
nin bir karsilastirmasi.

3. ki tilkede kullanilan uzunluk 6lciinleri-
nin bir karsilastirmasi.

1. Uygar tulkelerde enlem her zaman ekva-
tordan, ama boylam Greenwich ya da Paris
gibi keyfi bir noktadan hesaplanir. Oyleyse,
ingiltere’nin Fransa'ninkine uyan bir hari-
tasin1 yapmak i¢in Greenwich Gozlemevi ve
Paris Gozlemevi arasindaki boylam ayrimini
saptamaliyiz.

2. Bir 6l¢tim gokbilimsel aletler olmaksizin
yapildiginda, génderme yonleri kimi zaman
manyetik pusula tarafindan verilen yonler
olmustur. Bat1i Hint adalarinin kimilerinin
ilk 6lciimlerinde durum sanirim bu idi. Bu
Olcimun sonuclari, gerci adalarin yerel beti-
lenimini dogru olarak verse de, miknatisin
6lciim zamaninda asil kuzeyden sapmasi sap-
tanincaya dek yerytziintiin genel bir harita-
sina dogru olarak uydurulamadi.

3. Fransa’nin 6l¢iimiini Ingiltere ninki ile
karsilastirmak icin, Fransiz uzunluk olctisu
olan metre Ingiliz uzunluk 6l¢inii olan yarda
ile karsilastirilmalidir.

Yarda 30 Temmuz 1855 Parlamento Karar1 18
ve 19 Vict. c. 72 tarafindan tanimlanir ve yirtr-
lige girer: “Hazine dairesinde saklanan bronz
cubuktaki iki altin tapadaki enine ¢izgilerin
6zekleri arasindaki dogru ¢izgi ya da uzaklik 62°



20 MAXWELL

Fahrenheitta asil 6l¢tin olacak, ve eger yiterse,
eslemleri ile degistirilecektir.”

Metre yetkesini 1795’te Fransa Cumhuri-
yeti’nin bir yasasindan alir. Borda tarafindan
yapilan ve eriyen buz sicakliginda olan belli
bir platin ¢ubugun uclar: arasindaki uzaklik
olarak tanimlanir. Yiizbas1 Clerk’in ol¢ctimleri
tarafindan metrenin 39,37043 ingiliz parmagi
uzunlugunda oldugu bulunmustur.

15. Uzay ideasi

Simdi bir 6zdeksel dizgenin betilenimi aci-
sindan dikkat edilecek seylerin cogu tlizerin-
den gectik. Bununla birlikte, geriye konunun
metafizigi ile baglantili ve fizik Gzerinde cok
6nemli bir agirhigr olan birkac nokta kaldi.

Cesitli betilenimleri tiimtn iceren tek bir
dizgeye bilestirme yontemini betimledik. Bu
yolda kollarimiz1 uzatarak arastirabilecegi-
miz kuciik bolgeye, ylriyerek ya da tasinarak
ulasabilecegimiz daha uzak bolgeleri ekleriz.
Bunlara baskalarinin raporlar: yoluyla 6gre-
nebileceklerimizi, ve konumlarini ancak bir
hesaplama yoluyla saptadigimiz girilemez bol-
geleri ekleriz, ta ki sonunda, yerlerden birine
otekinden girilebilir olsun ya da olmasin,
her yerin baska her yer acisindan belirli bir
konumu oldugunu anlayincaya dek.

Boylece yeryiiziiniin ylzeyinde yapilan
Olcimlerden yerytzinun bilinen nesneler
ile goreli 6zeginin konumunu ¢ikarsariz, ve
yerytzinin hacmindaki kilometre kiiplerin
sayisinl yerytzinun 6zeginde, ya da kabugu-
nun dogrudan arastirabilecegimiz o ince kat-
maninin altindaki bir baska yerde neyin varo-
labilecegine iliskin herhangi bir hipotezden
buttntyle bagimsiz olarak hesaplariz.

16. Descartes’in Yanilgisi

O zaman diyebiliriz ki, bir sey ve bir baskasi
arasindaki uzaklik aralarindaki herhangi bir
Ozdeksel sey tizerine bagimli degildir — ki
Descartes su sozlerinde bunu ileri stirtiyor
gorunur (Felsefenin Ilkeleri, 11. 18): Bos bir

the genuine standard yard at 62
Fahrenheit, and if lost, it shall be
replaced by means of its copies.”

The metre derives its authority
from a law of the French Republic
in 1795. It is defined to be the dis-
tance between the ends of a certain
rod of platinum made by Borda,
the rod being at the temperature
of melting ice. It has been found by
the measurements of Captain Clarke
that the metre is equal to 39-37043
British inches.

15. On the Idea of Space

We have now gone through most of
the things to be attended to with re-
spect to the configuration of a mate-
rial system. There remain, however,
a few points relating to the meta-
physics of the subject, which have a
very important bearing on physics.

We have described the method
of combining several configura-
tions into one system which includes
them all. In this way we add to the
small region which we can explore
by stretching our limbs the more
distant regions which we can reach
by walking or by being carried. To
these we add those of which we learn
by the reports of others, and those
inaccessible regions whose positions
we ascertain only by a process of cal-
culation, till at last we recognise that
every place has a definite position
with respect to every other place,
whether the one place is accessible
from the other or not.

Thus from measurements made
on the earth’s surface we deduce
the position of the centre of the
carth relative to known objects, and
we calculate the number of cubic
miles in the earth’s volume quite
independently of any hypothesis as
to what may exist at the centre of the
earth, or in any other place beneath
that thin layer of the crust of the
earth which alone we can directly
explore.

16. Error of Descartes

It appears, then, that the distance
between one thing and another
does not depend on any material
thing between them, as Descartes
seems to assert when he says (Prin-
cip. Phil., II. 18) that if that which is



