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THE PRINCIPLES OF SCIENCE.

BY
Ww. S. JEVONS. 1907.

Page 73%7.

Laws of nature are aniformities observed to exist in the
wotion of certain material agents, but it is logically impossible to
show that all other agents musb behave as these do. The too
exclusive study of particular brauches of physical suienee seems
to generate an over-confident and dogmatic spirit. Rejoicing 1n
the siccess with which a few groups ¢ { facts are brought beueath
the appurent sway of laws. the investigator hastily nssnmes tLat he
is close upon the ultimate gprings of beiug. A particle of gelatin-
ous matter is found to vbey the ordinery laws of chemistry ; yet
it moves and lives, ‘I'he world is ther: fore asked to believe that

chemistry can resolve the m ysteries of existence.
The meaning of Natural law.

Pindar speaks of Law as the Ruler of the Mortals and the Im-
mortals, and 1t scems to be commaaly :-inppnﬁitd that the so-called
Laws of Nature, in like manner, rule the man and his Creator.
T'he course of nature 1s rogarded as being determived by invariable
principies of mechanies which have acted sivee the world begsn
and will act for evermore. Even it the origin of all things 18
ativibnted to an intellig: nt crentive mind, that Being 1s regarded
as having yielded np a bitrary power, and a8 | eing subject hke
a human legislutor to the laws which he has limsef ¢« nacled.
Snch notions I shonld describe as superfieial and erroneons, being
jerived, as I thiuk, from false views of the natuve of scienuific
ference. and the degree of the certainty of the knowledge which
we acquaire by induetive investigation,

A law of nature, as I yegard the meaninrg of the expression, 18
not a uniformity which must be obeyed by all ubjects, but merely
B H_ﬂil'urmir,}r which is as a matter of fact ¢b-yed by thuse ohjects
which huave come beneath our observation. There is mnothing
whatever incompatible with logic in the discovery of ohjects which
shall prove exceptions to any law of nature. Perhaps the best
octablished law is that which asserts an invariable relation to exist

betweer gravity and ivertis, so that ull gravitating bodies are found
to possess inertia, and all

Page 738.

bodies possessing inertia are found to gravitate, But it wonld be
no reproach to our scientific method if something were nltimately
discovered to possess gravity withont inertin. Strictly defined and
correclly iuterpretted, the law itself would acknowledge the possi-
bility ; for with the stutement of every law we ought properly to
join a0 estimate of the number of instances in which it has beeun

P 2L DD A
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observed to hold true, and the probability thencc caleulated, that
it will hold true in the next case. Now, a3 we fonud (p. 259), no
finite number of instances can warrant us in expecung with
certainty that the next instance will be of like nature ; in the
formulas yiclded by the inverse method of probabilities a unit
always appecrs to represent the probability that our inference will
be mistaken. I demur to the assnmption that there is any
n¢ cessary truth even in such fundsmemal laws of nature as the
Iudestractability of Matter, the conservation of Energy, or the Laws
of Motion. Certuin 1t 1s that men of science have recoguized the
concelvability of other luws, and even investigated their mathcma-
tical consequences. Airy investigated the mathcmatical conditicns
of a perpetual motion (p. 223), and Laplase and Newton discussed
imaginary laws of forces incomsistent with thuse obrerved to
operate 1n the Universe (pp. 642, 706).

T'he laws of nature, as I venture to regard them, are simply
general propositions concerning the corelation of properties which
have been observed to hold true of bodies hitherto observed. On
the assumption that our experience is of adequate extent, and that
no arbitrary interference takes place, we are then able to assign
the probabilty, always less than certainty, that the next object of
the same apparent nuture will conform to the same laws.

Page 742.
Hierarchy of Natural Laws.

A further consideration presents itself. A natural law like
that of gravity cxpresses a certain uniformity in the action of
agents submitted to it, and this produces, as we have se~n, certuln
geometrical 1estrictions nupon the effects which those sgents may
produce. But there are other forces and laws besides gravity.
One force may override nnother, and two laws may each be obeyed
and may each disgnise the action of the other. In the intimate
constitntion of matter there may be hidden springs which, while
acting in accordance with their own fixed laws, may lead to snnflen
and npexpected changes, So at least 1t has been fmmd‘ frml_l time
to time in the past, and so there is every reason to believe 16 will
be fonnd in the fature. To the ancierts it seemed iucredilgle that
ore liteless stone econld make another lesp towards 1t A plece of
iron while it obey« the magnetic force of the loadstone does not the
less obey the law of gravitv. A plant gr:witgteﬁ da‘-wmf:irdsn.a
regards every constiluent cell or fibre, and yet 1t pers'sis i grew=
ing upwards. Lif is altogether an exception to t,he. mnq:fer
phenomena of mineral substances. not in the sense of ‘ diﬁpr_uﬂﬂg
those laws, b1t in superadding forces of new and inexplicable
character. Doubtless no

Page 743.

law of chemistry is broken by the action of the nervous cells, and
no law of physics by the pu'ses of nervous fibres, but aumeth}ﬂg
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PREFACE TO FIRST EDITION

——l—

The following Book of Solutions has been
written with a view to assisting those undergradu
ates who study Professor W. N. Boutflower’s Statics
for the B. A. degree.

The book has been prepared and printed in
hurry. I hope the critics will be liberal with it

My thanks are specially due to the author of the
Treatise for his kind note to Rev: Dr. J.C .R.

Ewing, given below.
HAKIM ALL

MissioN COLLEGE LAHORE,
January 1894.

Dear Sir,

T have no objection to the publica-
tion by M. Hakim Ali of his Solutions of
: the problems in my book on DynamicCs
and Statics.

) T e e M

Yours faithfully,

i (Sd) W.N. BOUTFLOWER.

_#—_l_'

1

!
i Oraz,

:i Nov : 16th, (1893).
i

ihqw;:'u;y:h’é’(lpdy‘#}{ﬂk?}’ to Elcmentary Sluliu::';i..,l{(,f_l.:_;’j")Prcfage
}AQF/,-' ‘J_Hﬂyﬁab':,}?lb’w.N. Buutﬂuwer/.f.;:WZUylmmiu and Statics”
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CHAPTER. X.

Equdibrium of Rigid bodies under the action of any forces.

1. Think of the desk-box dosr. The least inclination
of the plane of the gate to the horizon ig a i.e. the least valye
of B 18 a. Resolve the weight of the gate acting at its cen-
tre of gravity, at right angles to the plane and along the
plane. The former is W cos B, The moment of the
welght 18 the same as the moment of the component at right
angles to the plane of the gate. The distance of the C.G. of
the gate from the line between the hinges is constant, Let
it be equal to /. .. the moment of the weight is= W cos B
The moment of the opposing force is therefore W [ cos B,

S~ moment=W [ cos B, . The gratest value
of cos B=cos a. ..the greatest moment—W J cos a. When
the door 18 shut the inclination of the plane=a and when
it 18 gradually opened it changes from a to B which lies be-
tweeu « and A. .. the moment changes from W cos a to
W lcos . Or the variable changes from cos @ to cos :

2. Fig. 164. Resolve W at G info parallel forces
actingat A, B, C in opposition to the direction of the strings,
The components are each 2 W, Let W be such that T the
greatest possible tension of string=1 W, Let W*at O be
resolved into similar forces, The components at B, E are

OE . BO Eo :

B._EW BE W  Resolve W again, The components at
EC  BO_,_, AE BgO OFE .., |

at A, C H.I'E“A‘E .4 “B—E-w ,—“A-J 'B—EWI. Now ﬁw 1 :i

B B
f—g E%Wl=§—g. }%Wl are not equal to one another un-
less O coinside with G. .. at least one of them is>than 1 W?
as all of them =W?* Let this compounent=LiW'x K. And

—'=#

Yo )‘l"ﬂey to Elementary Statics”

o L

e

—
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( 65 )

jet W* be such that 3 W xK=T=5% W. K being greater
than upity, ..the greatest weight to be placed at O is W',

Lt WxK=3 W. W=W XK. W> W

3. Fig. 165 —‘é%:cut A, g‘g:cut B. %EB-:
ga A. s E:: cob 4 . i AE=AB,.
— cot B AB~ cot A+cot B
cot A Al AE AB | cot A |
cot A4cot B sin B~ sin B cotd+4cot B
AB sin B cos A4cos Bsin A AB
=ﬂinﬁxmtﬂ: sin A sin B anl: I

cot A sin 4 cot A sin A .
. DL = t A.
sin (B+A)™ 4B —n G Agna PN

AO AB cot Asin A AB smn A

: AB Sk R e T

LD = O R sin C oot A CB sinC
5 sin C sin A i £ 3 AO 2 S AG A0 2

=P snA a0 LD L GDTLD 1

! : oG AO 2 |

-G is the C'G of the triangle. Also GL=LD= T~ ALC

is the C.G.of W, 2 Wat O, L. . 3 W actsat G; the re-
solved components of 3 W at A, B, C are each } X 5W = W
in the vertical direction. Therefore the pressures on the legs
are each W are equal to one another.

4 Fig. 166, The C.G. of W,, W, must be at E, ana

W, CE sin COE sl &
"W, EB” sin BOK 8% W,

that of W,, W, at F,

CF sin FOC
— AF sin(AOF or EOB)’
COE : sin BOE. ::sin COB: sin AOC :sin AOB. Now

“W,:W,: W, ::sin FOC: sin

e

Y4 f h/ “Kev to Elementary Statics”
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