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ADVERTISEMENT.

{ TO THE 1sr EDITION, OF.1856%~3<

in order that the precise design of this Synopsis of Science may be understood,
the compiler has been directed® to recapitulate briefly the considerations, detaled m
the published Educational Reports of the last five years, which have gwmded s pro.
ceedings m regard to the Sansknit department of the Benaies College.

On receiving charge of the Sanshrit College 1t was my duty to become acquamted
with 1ts constitution and history, with a view to introducing whatever improvements
might be found consistent with the retention of its character as a seat of Sanskrit
learning not unworthy of its classic locality. I was not required to give an opimion
whether the funds devoted to the encouragement of Sanskrit learning might be pro-
fitably diverted to other purposes. The Sansknt College was designed to be a per-
manent mstitation, and 1t was not needed that I should deprecate the 1dea of fores
gomng 1n any degree the peculiar advantages offered by such ap institution for the
advancement of education 1n Indin,~—advantages for which there could be found no
substitute  The proximate end, on which these pecubar advantages seemed capable
of bemg brought effectually to bear, 1s the development of a language adequate to
the reproduction of European thought, and the construction of a scientific Iiterature
rightly adapted to our educational purposes, by bemng in a form congenial to the
Hmndi wind, ond free from barbarisms of speech. It was thiough the Sansknmt, I
percewved clearly, that this must be effected, but it has never been contemplated
that mn the Sanskrit the results should remaimn locked up. Such then bemg the pro-
ximate end, 1t1s here to be shown, n chronological order, how the end has been
kept n view, und what progress has been made i shetching a design  which would
reymire many hands for 1ts completion.

From a letter of Mr. Jonathan Duncan, the Resident at Benares, dated 24th
December 1798, it appears that the Sanskrit College was ut that time founded < for
the culfivation of the laws, literature, and (as mnseparably connected with the two
former) rehgion, of the Hindoos.” The disaipline of the College, 1t was added,
was “ to be conformable 1n all respects 1o the Dhiarma S’ustra m the chapter on edu-~
cation ¥ These terms, as I remarked 1n the Report for 1846-47, “‘appear to contain
the germ of nothing beyond the conciliating of the natives of India by paymng a
graceful comphiment to their language and hiferatme, and of perhaps providing better
educated Pandits to act as legal counsellors than could otherwise have been always
met with, For many years all the efforts of the various gentlemen who took an 1.
terest n the College appear to have been directed to the incieasing of 1ts efficiency
1n these respects ”’ The first decided effort which I found recorded for turmng the
wstitution to further account was that of Mr J. Mur, C. 8, who undertock the
duties of Principal during the session of 1844, Mr. Mwir dehvered lectures, n
Sansknt, on Moral and Intellectual Philosophy - and the sentiments which he then
mculcated have often smce that time furmshed topics for discussion in the College
On the year 1846-47, my impression, as recorded mn the printed 1eport, was thus,

* [The request came fiom ihe late Mr. Thomason, Lieutenant Governor of the North-
west Provinces, who desired fo have a printed pamphlet to put nto the hands of engurrers
who had not time to search through the Annual Reports.]



that m the studies of the Sansknt College all improvement at present must be in the
way of addibion, not of sabstitution, because **The most perfect European education
beslowed upon a young Brahman, however great a blessing it might be to hunself,
would exert no bencficial nfluence beyond his own breast, if unaccompanied by the
amount of Sansknt erndition which 1s mdispensable for securing any degree of res-
pectful attention to s words.”

The most interesting experiment of the session 1847.48 was the introduction of
the study of Englsh mto the Sanskrt College The repugnance of the pupils to
ilus new study was overcome by the offer, to the Semor Students whose peizod of
study was expired, that they should be allowed to retam therr scholarship-allowances
on condition of their reading Englsh. These men I was very anxious to retamn.
They had reached a pownt of mental culture at which they had become worthy of
bemmg reasoned with on the comparative ments of the civihzation of ancient India
and of modern Europe,—a pomnt which the junior pupils were not likely to reach
unbil they m turn should be past the age at which they conld retamn a scholarshp
under the existing regulations  Government having sanctioned the proposed experi-
ment, the Englich class of pandits was formed. Its aspect at the openmg of the
session, as remarhed in the printed report, * was not auspicions. The majonty of
the pupils were very averse to the study, and secmed to thik themsclves m some
measure degraded i the eyes of the other students. They attended rcluctantly,
when every device for evading attandance falled —books were lost or had not been
supphed , pews and ink became suddenly unprocurable, and half the ime allotted
for (he lesson was sometiues spent m setthng the fastidcusly protracted prelmma-
view. The pandrs seemed greatly to dread bemg deswed to attend i the Enghsh
College Bungalow, where their slender acquirements in Enghsh might expose them
to a disadvantageous comparson with little boys who had been rcading for a year or
iwo. When they found that no such design upon them was really contemplated,
iheir apprehensions gradually wore off, and ultunately they came over (from the bmld-
ing appropriated to the pandits) to the Enghsh department, of their own accord, for
several bours daily, in order that they might be within reach of assistance when pre-
paring thewr lessons.” The first waut of this class was a sutable English grammar,
all the existing grammars bemg, with reference to the pandits, at once redundant
and defective, inasmuch as these manuals take for granted that the learner knows
nothing of grammar as a science, and that his vernacular is English or a language of
similar 1diom. I therefore prepared an outline of Englsh grammar m Sanskrit, which
was communicated to the pandits in the shape of lectures, and, after having run the
gla;untlet of therr by no means indulgent criticism, was printed for the use of the
class.

In the session 1848-49 steps were taken for bringing about some mutnal under-
standing between the stadents of the Sanskrit and of the English departments res-
pectively, It was noticed, m the report on the year, as a fact to be lamented, * that
the advanced scholars of the Enghsh and of the Sansknt Colleges, though speaking
the same vernacular, are mutually unmtelhigible when the conversabion turns on the
subject of their studies. The techmical terms with which they are respectively fami-

lar, bemg the product of opposite theores, are not convertible by onc whois not
conversant with both.

* The consequence is, that the Pandits, in full relianee upon & dogmstie,
think, wspired philosophy, which has stood the discussion (such as 1t bas yet
of centurtes, luok with ealm supenonity on the pretensions of a mole modest
whieh avows that 1t 1s only progressing towards that peifection which 1t cann
reach,—whilst on the other hand onr Enghsh Students,  struck by the imposing methodical
completeness of the Brahmanic systems, which they cannot compiehend 1n detml, and hew
wildered 1n every attempt to cope with the dialectical subtlety of the Pundits, who, they see
perfectly, thongh umntelligible to the English Student, are quite mtelhgble to each other
become possessed by an uneasy {ecling, that there 15 mo '

re, if they could but come at st
the Sausknt phuosophy thans dreamt of m onrs, Hence come); the appar:nt anoln;ui;

and, as they
encountered)
philosophy,
ot hope to



that & man who can expound the Newtoman Astionomy, consults his astrologer wich tho
same deference as the most ignotant villager, and confusedly believes in lus beart, what
the Jesuit Editors of the © Ptineiyma® only professed with thewr hips, that the earth stands
stall, though the hypothesis of 1ts motion may suffice to account for the phenomena. 1Tence
1t 1s also, that although acquainted with the theory of echpses, and able to calenlate them
by Ewmopean formule, he would not on any aceount neglect to peiform the ceremonus o1-
damed for the purpose of helping the luminary out of the jaws of Ins mytholoweal enems,
the trunhless demon of the ascending node. The only way to 1emedy this, 1s to pnt seeh
aone 1m a position to Judfe for lumself by making him sufficiently well-acquamted with
both sides of the case It 1s scaicely necessary to observe that a deciston m om favour
eanies ten-fold moral forece with 1t when 1t 15 known that the person so deeiding knows not
merely what he embiaces, but also, thoroughly, what he dehberately abandons,”

‘With the view of enabling the students of the English department to meet hali-
way the Sanskrt students who had began the study of English, two steps were lakon
durmng the session 1848-1849  The one was the preparation of an Enghsh version
of the Sanskrit school-grammar, the Laghu Kaumud{, with references and comments
—the other was the delivery of a set of lectures on the Nydya, Philosophy. Asit
may strike the reader, if unacquamied with the snbject, that the translating of the
Laghu Kowmud! was a soperfluous labour while Enghsh grammais of the Sansknt al.
ready existed, I may be pernntted to quote the opmion of Professor I H. Wilson,
1o whom the first fasciculus (of about a hundred and fifly pages) had been sent
Professor Wilson says of the version, ¢ It will be of mnfintte use to those who wish
“‘to learn Sanskmt substantinlly and in earnest. I went through the text, as far a
¢ your translation extends,* with one of my Oxford pupils, to his great gratification
* and advantage.”” The pecuhar advintage of studyng the Sanskrit grammar m the
shape m which 1t is presented 1n the Kaumudf 15 this, that the learner 1s thus prepared
to avail himsclf of the 11ch treasures of Sanskrit plulology, which, to ihe mere vead-
er of the grammar reduced tothe Buropean form, are a sealed book. That the
philologicsl works of the Hindds contam much that 1s yet to be gamed from then
may be inferred from the anxiety expressed by Dr. Max Miiller, the editor of the
Vedas, that the ** Great Commentary” on PAninr’s Aphorisms should be prmted.
An edition, sanctioned by Government N. W. P., 1s m progress here, t

The text-book taken for the leclures on the Nysya Philosophy was the Tarka-Sasy-
raka. Here, as romarhed 1 the report, “ I took sentence by sentence, first giviny
the original, which my hearers were able partly to understand, then a translabion
and then a commentary, powting out the correspondence of each part to the sevevu:
divisions of European science, and notieing anything analogous in the speculation-
of entiquity that occurred to me as likely to do good, cither hy showmng that (.
same traths had been hit upon, or the same errors for a time adhered to, ouz of Indiu
as well as wn 1t. These lectures were histencd to with marked immterest, the subject
bemng onc which the students are ambitious of understanding,~—one which can cunily
be made clear to them with the aid of explanation m Enghsh,~—and one which ih.
pandits have not the most distant conception of the possibility of explaining in an
exotersic fashion” The Lectures on the Tarka-Sangrakn, mcluding the fext and
translation, were printed for the use of the College. The discussion which the
translation has undergone has suggested various amendments, and an improved
translation (accompanied by a version m Hindi) has had the advantage of bemg su-
permtended, 1n passing throngh the press, by my valued coadjutor Mr. F. Ed.
ward Hall.

aAi: the annual examination of 1848.49, thinking that some account of the actual
nature of an examination of the Sanskmt College might prove mteresting, I selected

* [The version has been since completed. 1t hasbeen translated (ineluding the com-
mentry) mnto IIndi, by Pandit Mathurd Prasid Misra ]
+ [The first volume, with a tronslation of the opening portion, has been prmted.]



occupy the attention of the natwe hiterat, Some of these here follow.

QuEsTIONS ON THE VEDANTA orR THEOLOGICAL SYsTEM oF PH1LOSOPIY
DEDUCED FROM THS VEDAS.

* What answer do you give to the objection that if the Divine Spint be, as you say,
“ Jevord of qualities, 1t cannot be made the subject of meditation 2”

« Determine what 1s the teal state of the case 1 regard to the followmng doubt, vz, whe-
* thet an elephant and the like, seen 10 a dieam, 13 01 18 not produced at that tune, secing
“ that 1t has no matenal cause

 How 13 the opmuon of the Vauseshika School of the Nydya sect respecting atoms, to be
« pefuted 2

¢ Faplam the erroneousness of such opmions as that of the soul’s bemg in the foom of
¢ an atom "’

QuusTIONS ON THE S{NKHYA SYSTEM OF PHItosormY (OF WHICH THE ORTHO-

DOXY IS HELD TO BE RATHER QUESTIONABLE).

* 1Tow do you prove that primeval nature has an independent existence 2*

* Ilow do you meet the aignments of the Vedantists who deny a duality in the nuverse,
© a.serting that nothmg exists except (iod 27

“ Prove the custence of the Deity according to the views of the Theistieal school. ™

*“ Ilow does the soul, 1 transmigration, enter another body 7*

** By what ascetic practices 1s a knowledge of the past and the future attamable 2

“ Jlow do you Lnow that Qmietism 18 nght, and m accordance with Senpture

QuzrsTion on TEE Nriva or Loaicar anp Aromre System or Purnosorny.

“ What 13 the distinetion recognized by the Narydyskas between the Supreme Spirit and
* the hiving soul 7—and what objection 1s there to the opimon that, of the two, the latter
* only exsts 2”7

“ How do you prove that the mind is m the form of an atom 2”

« In the opmion of the Naiydykas, how many hinds of proof are there, and what are
“ they 2"

“ I—y]ow do you prove that gold is identical 1 substanee with light and heat 2

« Before presenting any other questions, 1t may be well to make some remarks on these.
One of the first reflections likely to be suggested by a perusal of these questions 1s tms
that the pupls are tanght by one Pundit to establish, of comse by irresistible m'guments:
positions which the Pundit 1n the next lecture-room teaches him to assul and cairy by ar-
guments equally 1rresistible ; and this reflection naturally suggests two queshions,—does not
this keep the Sanskrit College in a state of feud ? and what is the state of the Studeni’s
mmd after he has gone through the mcongruous curniculum ? The first question is ensily
answered, Prowided the pupil reads with a given teacher, that tencher seems to have nct
the shightest objection to his reading mith any of the other teachers. With the view of de-
terminmg m some measure the result of the course of discipline on the miinds of the Sty-
dents, 1 proposed to the Sentor Students the followmg question.

“ As the three systems of Philosophy which you bave studied m the Collecs professedly
““ dispute each other’s positions, and cannot_therefore all be entirely m the?-xght tell me
‘¢ whether you adopt any one of them to the exclusion of the others ; o, prov;ded you
“ really have formed any opimion of your own at all, whether you adopt, eclectically, some-
“thing from each.’> ’

“The ansners were generally to the effect that all the three sy
with Seupture, and that what uappeared m any of them 1o be a
was in reaity only an s]xlcc%modatwn to the weakness of the hn
rendess 1t necessmy 1n the first mstance to commumente the teuth und s
just as o mother, 1o pomtmg out the moon to her child, speaks o o garb of error

of 1t as th
at the end of her finger, winch 1s mtelhigible to the elld, while the meu’r.‘lemfho]fr'1 lxlég 1()!::11 :
distaut by thonsands of leagues would bave hopelessly bewildered him. This 18 plansible 5
,

but the halat of viewing the same asseruon as true at one moment and false the next, hay
“ 4

stems were reconeilable
deviation from the truth,
man anderstanding, whiek |



ADVERTISEMENT v

apparently helped to load to the existing remarkable mdifference as to what 1s true m iteelf.
Truth, under such encamstances, becomes a matter of taste, concetming which “non est
disputandum,” except m so for as thns disputation my furnmish matter of amusement o1
display We aie not here enquiring 1nto these cuitous phnlosoplucal systems as amere
matter of curiomty. The question of questions n1egard to them 18 heie—how, and how
far, thev are capable of bemg turned to account

“Of the three leading Schools, the Veddnia, the Sdnkhya, and the Nydya, the fust, be-
mg an attempt to 1econcile Iindd Senipture with Philosophy, obviously does not promise
much to axd us. The second 1s as nearly as possible a system of Nilnhsm, though its advo-
cates piotest agamst imputing that character to 1t. It contans much that 1s mgenious, and
not a httle (as Professor Wilson and others have shown) that has been ounly recently excogi-
tated in Bwiope. But as asystem, 1t tends to nothing that we can have anv interest in pro-
moting. 'We cannot make 1ts plan therefore the ground-work of any currmenlum of our own.
The Nydya on the other handisavev fair, and, msome 1espects, admnable, attempt, on
the patt ot certan speculative plulosophers, who had made perhaps as many abservations and
experiments and as they had opportumties of making, to present a complete and consistent
physical as well as metaphysical themy of the nmverse. Of this system, therefore, I bave
cluefly made use, m Iaying the foundations of an attempt to present to the Students of the
Sanskrit College an equally compiehensive view of the univeise, divested of those erroisn
thar own Nydya wlich modein observation and expenment have shown to be sueh, and
|gwing somewhat of 1ts due prominence to the physieal departments of science, which were
much less promment 1 the orginal exposition of the Nydyn doctrine than its metaphvsics,
¢ which the phveies were entirely suboidinated as they have ever since remamed While
their system professes to embrace the nmverse, 1t 1eally neglects all that forms the subject-
matter of the phvsical sciences, and consequently 1ts professors look down with self-com-
placent supenonty upon the cultivators of physical science, and with indifferenee upon is
1esults. The ease of Astionomy presents only an apparent exception to this rule, for 1t 1s
for astiological putposes alone that the buik of the Brahmms value Astronomy, Here, as
1n other depairtments, the hknowledye that they have, furnishes too often the mam obsta«
cle to then acquiring more. But thus1s onlv an additional reason why we should take care
to ascertain what 1t 18 they have, for whatever they possess of truth, will remain an obsta-
cle, until we make 1t an ally

**The Hindoo mmd, for a long period, has heen in what Whewell calls the ‘commentatorial
stage,’ a stagemn which ongmabty 18 fortidden and shunned. This would seem to present
one of the orcasions when a just appreciation of the history of an anslogous period may be
fauly expected to throw hight upon the prospects of the future, on 1ts undesuable ptobabili-
ties, and its more desirable possibilities, possible only if they be properly anticipated. To
this consmderation I shall have occasion to revert. In contmuation of the purely Sanskat
portion of the examination, I subjomn some of the gquestions on Grammar, Rhetorie, Law,
Mathematics, snd Astipnomy. An imspection of these will show that thete 1s heie oceasion
not so much for the Baconisn rastruments intended to * originate mation,” as for those that
¢ direct’ 1t when once orginated,—the centripetal force, or wooden yoke, of dogmatie au-
thonty, having long sice converted, what at the outset was onward progiess, mto the
narrow yet interminable orbit of an ox mn an oil-mull

QuzrsTroNs oN GRAMMAR.

“What 1s the provinee of Grammar 2*
« Has a woid any sense of 1ts own, or1s 1t merely 2 mark for the thmg signified 27
“According to the opmion of the Giammanans (who are at variance on certam pomts

“wuh the followers of the Nyéya, &c, ) what 1s the real state of the case miegard to this
‘¢ sentence, viz., Yajnadatta cooks rice 2*

+¢ Many other questions were given on this branch, but they related chiefly to the techm-
ien) treatises on the etymological structure of the language, one of which tieatases* I have
~alieady mentioned my wish to 1ender accessible to the English reader.

QuesTions oN Rarrorican ComrosiTioN.

 What are generally the fanlts that can be commutted in the way of composition 2

¥ The Loghu Kaumudi—sunce printed,



“ What faults can be committed in vegard to the management or a simile ¢

““ What 1s the diffeience hetween a simile and a metaphor 2*°

* Give some account of the cases i which a metaphor 1s of such a nature that the thing
“ for wlich 1ts tands must or else need not be further hinted.”

QuEsTIONS ON Law.

“ Two full brothers are co-parceners; one of them dies childless, leaving a wife; after-
“ wards the other who has lost is wife also dies, leaving a daughter who 1s childless, but
“ whose hushand 1s hving. State what night to the propeity belongs respectively to the
‘: Z:uluw and the daughter, according to the Mitdkshara, and also according to the Ddye-
1 ha’ga »

““ A person seated m lus carrage drawn by a horse, and duwven by an expert diiver, 15
« proceeding along the road, and shouting ‘keep out of the way, keep out of the way!”
“ As luck will have 1t, a man 18 driven over, and killed. which1s to pay the penalty, the
€ driver or his master 2

¢ A she buffulo, with her calf, being entiusted to a keeper during the day time, having
“ enten another person’s coin, lies down to sleep theie unhindered, In this case, what pe-
¢ nalty musi the owner of the buffalo pay? How much 1sthe owner of the field entitled
““to recewve? Is the Leeper blameable o1 not, and if blameable what penalty must he pay ®

“What kind of proof 18 most effective, and m what kind of cases 2

“Bemng curtons to sec what the Students would make of a case for which they could find
no precedent m their law-books, I proposed the case which Reid cites as an example of an
wsolnble dilemma,—of the sophist Protagoras and his scholar.  Just as I expeeted, thev
tned i by every one of their technical rules in suceession, never doubting but that one or
other of the keys must fit.  When they found, to therr great surprise, that tlus was not
the case, they betook themselves to the unusunl task of unawded thought ; and wlilst one
decided that the judge must decree m favour of the pupt], another sard that he must deeree
1 favor of the master, and a third that he had better dismiss the case without giving any
opimon on the matter, which last 15 the resolution that the Greek judges me related to
have come to. The law Pundit, to whom these opinions weie submitted, took two days to
consider the case, which he also t1ied m vamn by lus body of 1ules which never bad fuled
him before. At this he made no secret of his adimration, but at last be hit upon a solation
not unereditable 1 my opinton to his sagaeity, viz, that the papil was deaidedly entitled to
averdiet m Ius favour, and that then thus would furmish good ground for an appeal,
wlnch the teacher must needs gain us pownt. I mention this as tlusteating (what I wish
I could 1llustiate by mstances of a character less shght) the hvely and salutary excrtement
which may be created among the Pundits when any thing that they really take an interest
1, 15 piesented to them . such a way as to compel them to step ont of the beaten tiack.
Unfortunately, in regaid to those subjects respecting which thewr knowledge 1s most defec-
tive, the diffieulty 1s to get thewn to take any real imnterest at all. The method winch I have
found to answer best, 1s to tahe as a starting fpomt some established pomt in thewr own phie
losophy, and to show how the philosophers of Europe have followed up the enquuy.

* For example, I found that the Pundits entertained a very low opmion of the European
Logie, some account of which had been supphed to them from the popular work of Aber-
crombie.  On this subject I percewved that all my explanations were thrown away, until 1
occurred to me to enquire carefully whether the knowledge of my hesrers il not stop
short at some powmt between which and the knowledge that I wished to commumeate,
theie remamned some gap to be filled up, before they could discern that the one was bue
the continuation of the other The result was eatremely satifactory., 'The Puniits. wra-
t1fied by the admussion that thewr own view of the process of mlerence 18 correct so fur 1t
goes, laid aude thew jealous hosulity, which was suceeeded by lively curiosrly o know
how the thing could be carned further;—and thus was obtaned, what was wanted, an un-
prejudiced hearing for what was to be brought forward. It 1s worth notieing that 1’.hc ver
apparatus of technical rules—the * Barbara Celarent,” &ec.,—which now repels so munz ’
in Europe, was hailed at once as an earnest of there bemg somethmng valuable m the trea-
tise shown to them. The contrivance of significant vowels and mdicatory consonants was,
?t on;:e :eclzlogmzed ni adkia to that of ({’dmm ulll lis mstitutes of Sanskrit Grammar, and the

act that the system had been matured more than two thousand
anot'li‘tilr chnmf m their eyes. years ago, wvested it thh;
¢ These things appear to be worth bearing m mind, for they would i \
the hikeliest way to get the Pundits to lendgnn unhostile ear 1?0 what v::el[:;:: ;.'g ‘:: t:n;h?:l
to lead them, from the very point to which thewr correct knawledge hes attmmed, as much nsl



possible, by the steps which the European nind itseif took 1n reachmg its present conclu-
sions after starting from an analogous pomt. For esample, baving seewred the attention of
a set of Pundits to the Anstotehan Logie, and having thereby gamed somethmg ot addi-
tional respect n theiwr eyes, I explamed to them the design and character of the Novum
Organon, and pointed out which division of then own plulosophy,—a division avowedly the
least satisfactory of all as hitheito tieated by then own anthors —is 1epresented by this
great worl. I have found no work the general deseription ot whieh has more esaited the
cunosity of the most intelhigent of my Pandit auditors than this. Of the wavin wlich ne
are mahing use of 1t I shall bave to speak when nanating the studies of the Anglo-buns-
knt class ~ Bacon himself, though as a classic he will always be 1ead, yetis out of date m
‘Burope as the actual guide 1n scientific mvestigation. The employment of his own mmstia-
ment has enabled subsequent enguirers to detect bis own  deviations from the nght track of
discovery « but this versy fact, 1f 1t be carefully hept in view and propeily made nse of, gives

additional value to his writings as an mstiument for promoting the mtellectuul advance-
ment of India”

During this same session of 1848-49, I delivered to my class of pandits part of &
course of lectures, 1 Sanskrit, on < The Mutual Relations of the Sciences.’* At the
examination the following were—

QUESTIONS ON THE LECTURES OF THE SESSION.

“How many planets are there? what 1s the form of thewr orbats? and around what do
they 1evolye 2

“What 1sthe form of the emth? what propmtion of its smface1s occupied by the
€ ocenn 1’)

‘“ Manne productions are sometimes found m mountaun ranges :—aceount for this.”

“ Of what desenption was the fossl elephant 2%

“ What 1s the chemical composition of water, and of atmospheric au 2”

The class to whom these questions, in wrniting, were put and answered in Sans-
krit, Mr. D. F. M’Leod, C. 8, exammned orally on the Eughsh books that had
been read during the sesson. Mr. M’Leod remarhed as follows .—

“ ] was present at, and a party to, the examination of this Class mn the ¢ Moral Class
* book,” Bacon’s * Novum Organum,’ and other subjects, mterspersed with questions on
# Grammar, and was very lighly gratified by the result. The acuteness and profundity ac-
&‘ quired by these Scholars m the course of thewr Sanshut studics, 1s carried by them mto
¢ thesr English ones, and brought to bea, with gieat effect, npon every branch of know-
¢ ledge mtroduced to them thiough that medmm. Several of them read with consideiable
¢ lucney amd precision, sud though, from the comparative buiefness of the peuiod wluch
¢ has elapsed since they first commeneed 1t, and the great difficulty of English orthography
* and pronunciation, much cannot be expected from them n this respect,—yet, fiom the
¢ answers given, and the mode of treating the subjects adopted by them, the impression 1s
¢ mesistibly forced on the examiner that the knowledge they have acquuedisin reahty
¢ greater than 1t at first appeass, the conveise probably, of what might with some justice
“ be said of most ordinary Classes .
1 < The Class1s, 1n my opmion, the most mteresting and important i the whole mstitu-
f tion. If caned on as 1t has been commenced, 1t affords every promise of realimng the
* expectation entertained of 1t by the Puncipal, with whom exclusively 1t has originated 3
¢ and I most sincerely trust that its arm and object may never be lost sight of, until the
* gxpertment shall have had the most complete fulfilment, and its results been exhibited m
¢ an unmstakeable form.”

Y

* The topies touched upon in these Lectures were—Part 1— Astronomy, Geography, Zoo-
ogy, Botany, Mineralogy, Geology, Chemisiry ;—Part 2—Anthmetic, Algebra, Geametry,
he Calenlus, Mechames, Hydrostatics, Pneumatics, Acoustics, Heat, Optics s—Part 3—Me-
aphysics and Mental Philosophy, Formal Logic ;—Part 4—The Philosophy of Investiga«
10n, Grammsi, Rhetorie, Ethics, Law, and Hlstory, The four Parts were printed in
anskrit and Englsh,



In the course, above referred to, of lectures to this class of pandits, T followed
the division of the sciences adopted by Dr. Arnold 1 Lis address to the Rugby
Mechanics’ Instilute ,—

“ But when we arnived at the questions of Metaphisics, the consuderation of wiuch 1
had sought to postpone until we should have goue amieably over some less debateabls
ground, and thus perhaps have obtmned some previously established matter to seme {or
1eference to when illustiations were 1equued, mv anditors, accustomed to that strictness of
methodical srrangement which 18 so attiactive 1n thew own systems, nmrmediately  bhegau to
objeet, ( like Demetnus, 1n the play, to Mooushwe with lus dog and lus  thoun-bush~)
* Why, all these should be put i the lantein >~ other woirds, that what m Europe 1
treated as a branch of science, under the mame of Metaphysies, ought, with sowe htier
name, to furniah, hke therr own Nydya, the tiameworg of the whole of the saences.
1Laving foreseen this objection, I stated to my critics my 1easons for having adoptcd a diffe-
rent order n addressmg them, and mentioned my hope that there mught be fuunished, (o
the satisfaction of those who felt mterested i the prelimmary course, a fuller exposition of
the sciences, with au mirangement modelled on thew own.”

The Synopsis to which these recapitulatory notices are mtroductory 1s an attempt:
to redeem the pledge thus gwven. Its principle of construction will be the better
understood from the perusal of an extract from the Minute of Mr. M’Leod on the
examination of 1848-49. In that Minute, Mr. M'Leod rccommends ottention to
the Report for the year,—

« More especially as, m conjunction with those which have immediately preceded i, 1t
developes the prinaiples and gradual progiess (1n ats apphcanion ) of what'I beheve way be
considered asan slwost entuely novel theory of education, as appled to India, o1 any
other nation simlaly cucumstanced 1n respect to ats instiuctors, or at all events one, wliel
m one mpoitant respect differs greatly from that which prevails m our other educational
Institutions generaily.

** Those who have herctofore bad the direction of Educational measures m this country—
whether on the part of Indiniduals, Assoeiations, or the Goveinment, appear to have acted
fo1 the most part on the punciple of 1egarding the Hindoo mind, for all practical puLposts,
asa ‘tabula rasa’ iniespect to any pieconceived ideas, and pre-established systemn of
Iteratmie, philosophy, or science either useful and valuable m thewselves, or esteemed
such bv the people with whom we have to deal. and the effects of this appenr to me to have
been Inghly prejudicial m many ways; as I thmk a survey of the general results at our
presidencies, as well as elsewhere, will satisfy most eandid observers.

¢ 1t has tended to segregate from the mass of thewr conntrymen the eléves of our Schools
and Colleges ; and these, findimg that they have no longer 1deas m common with those of
their brethren who have not been stmilaily educated, but are rather contemned by a large
portion of them, at the same time that they are conscious of being wore favorably regu ded
by the members of the ruling nation, and more ncarly assmlatimg to them m sentiments
Lave very generally evinced a dispostion to 1egard the former with contempt, and 10
imitate the least commendable of the peculiaritics of the latter; a self-sufficient ’nssmup-’
tion of supenority taling the place of the humility which a mere entrance within the por-
tals of the vast field of knowledge might be expected to produce. It has also greatly mea-
pacrtated these youths for the task of commumeating to thew counfrymen the hnowledge
which they have themselves acquned, even if other eneumstances favored the endeas

vom ; so that escept to whatever extent cicumstaueces may 1w an loca s give
estension to the direct study of Enghsh, lttle or no prggrcss his us ?Z{ !1;3:1‘; fills‘utlﬁ
towaxds imoculating the mass with the hnowledge of the west, and lnstly 1t has entirely re-
pelled from us, by wounding thewr self-esteem and pride of learmng, those classes who
possess, and who, unless ther position be more strategetically stormed, 1 doubt not will yot

long continue to possess almost unbounded 1nfluence over the large mujonty of the nation.”

My, M’Leod goes on to express his hope that, by carrying out th t i
down m the r?ort, the unsatisfactory state of things then ﬁxngtmg ma,; bseyieev?rsiaéd
that < the stadent of the European school may be brought to understand, appreciate
and sympathize with the Oriental scholar, and the latter with the former ,” that

* the analogous or identical truths of the systems respectively pursued by cach ma

be traced out and established as common starting pomts,” and that thus the lepyned



Inds “may be conciliated and gradually won over to aur cause, and thewr great
crudition and philosophical trunmng brought to bear with effect and power upon the
researches which we most value,”” These sentiments of Mr. M’'Leod, most accu-
rately embodying the dnift of the Report, will suffice {o explain the general aim of
the following Synopsis. Why the aim has been taken exactly as it has been, 1 re-
mams to explain

In the Report for 1849-50, speaking of the Englsh class of pandits, I remarked
that—< Aided by these men I shall now histen with simple disregard to the discour-
aging reiterations of those who insist that the truths of science and of philosophy
¢wnot be commumcated to the Hindds without the use of words which would go to
barbarize their language; asif alanguage richer mn roots than any European one,
and far more finely orgamzed, could not supply as many avalable terms ;—as 1f the
Sanskrit needed instruction at the hands of its grandchild the Greek. To render
mtelhgible our plan of operations {or the next session, I may here remark that ma
first atlempt to open a communieation with the frequenters of the Sansknt College
was made 1n the shape of a set of lectures on the Circle of the Sciences. The Sans-
krit version of these was carefully revised by Pandit Bépti Deva, whose renderg of
wany of the scientific terms was most fehcitous. I learn that these renderings have
been incorporated into the Enghsh and Sanskrit Dictionary now preparmg by Pro-
fessor Williams for the use of the College at Haileybury. In those portions of the
lectures which related to sciences which the pandit had not studied, we were less
uccessful than in the others. To ensure success 1t would have becn mndispensable to
nvestigate the first sources of the nomenclature appropriated to the same or kindred
opies 1n the Hindd Philosophy, and how I propose that this shall be done, I now
rocecd to slate.

“ The multitudimous treatises in the six great schools of Hindt Phulosophy are all
ased upon, and are held to be of authority only in so far as they comcide with, the
six collections of Aphorisms promulgated severally by the founders of the mix schools.
he aphorisms were ntended not to convey the doctrme but to record 1t,—hence
ewr oracular brevity. They resemble, n some measure, such formulse as that of
he Binomial Theorem, which, when once explaned, enables one to recollect readily
compheated seres of facts which—if expressed in words at length—no human
emory could have retmned a knowledge of ” The Aphormsms, therefore, from the
rst, had been atlended by a comment, oral or written ; and, with the aid of these,
t was now proposed to make a erihical examination of the omgmal Aphomsms,
ecause, *“ only by tracing the development of Hindd thought, and of thg termino -
ogy m which it clothed itself, can we hope to avoid completely all such misappropri-
tion of terms as that which hes, to a cerlam extent, baffled all European attempts
t translation mto the Hindd dialects wherever the subject of discussion transcended
he palpable *

It has heen already remarked, that, of the Hind( systems, the Nydya is the one
hich lends most readily its arrangement and terminology for the conveymg of new
cientific mformation 1ntelhgibly and satsfactorily to a leatned Hmndd, Whlst,
hercfore, the translation of the several sysicms has been cartied on simulianeously,
+—each syslem supplymg tcims and views which will be turned fo account,—it was
the arrangement of GauramMa’s Aphorisms that was adopted as the frame-work of the

roposed Synopsis. In his lst Book (—which, along with the Ist Book of the
E’azs’cs,’nka, the Mfmdnsd, and the Veddnia Aphorizms has been pristed with a trans.
lation for the use of the College'—) Gaurama lays down the plan of the whele
Nyiya system. This he effects m sicty Aphomswe  Ile <tarls with the grend
qu:estxou of questions—the enquiry as {0 how we shull aftam ihe sunas doeum—the
¢ chief end of man ” This he declares, m s 18! Aphorism, ean be 1eached only
through knowledge of the truih. Bui Lave wo asrumecnls adapled 1o the acquisition
bf a knowledge of the truth? 'We have our stnses &e , and these Gavrama
bnumerates and describes m Aph  8—8&.  Bur, if wc have wnstruments, let us know

[Other portions Lave been since brought out ]



But the bare enumeration and defimtion of objects does not cnsure
correct and believing hnowledge of them  The state mtermediate between hearm
and beleving—wiz. doubt—he defines m Aph. 23  But how 1s a man to get out
Doubt? e will be content to reman in doubt if there be no motive for enquirn
farther. Here—Aph. 24. he takos occasion to explain what constitules a Motive.
But in every enquiry, to reach the unknown, we must start from the krown ,—therc
must be dats. These he desermbes and classifies m Aph. 256—31. The data bemng
determmed, 1t is proper to determine the order of procedure i demonstrating thereby
somethmg not granted. This he scts forth m Aph 32—38. But, thus far, we
have been shown an srrangement for hearing only one side of a question, and how
can we be sure that the opposile side 13 not the mght one ? The proprietv of hearing
both sdes of a question before making up our minds Gavrama suggests wm Aph, 39-
40. But an honest enquirer may have heard both sides and still be m perplemty  Is
he to be turned adnft ? Not at all. Candid discussion with one who holds the same
first principles is open to him ,—Aph 41. Therc ae yet others, besides honest en-
quirers, that ave not utterly to be rejected A person not hopelessly wrreclaimable, may
wrangle for the sake of a seemmng wictory. In Aph 42, therefore, he defines
wrangling, A person, still perhaps not hopelessly wrreclaimable, may descend lower
than the former by carping at others without undertaking to scttle anything himself
Tn Aph 43, therefore, he defines cavillng, Wranglers and Cavillers, m default of
good reasons, must make use of jallacies. The various forms of Fallacy, thercfore,
he defines m Aph. 44—49. But whilst thore arc fallacies by which a man may
decewve himself as well as others, there are frauds which are cmployed only
dishonestly for the deception of others. These he desertbesin Aph. 50—57. Descen-
dmng a stage lower, an opponent may employ objections so fatile as to be capable of
deceiving no one. It 18 well to know m what conwsts the fatility of such objections
This he shows m Aph. 59. Tially an opponent, siking cven below the former
one, { who knew what he was opposing, though he could make none but a futle
opposition ), may be unable to understand the proposition ,—Aph 59—60  Here
Gavurama’s patience is exhausted, but mot before Agamst everything but the
invincible combimation of the spwit of contradiction with stumdity, he seeks
to arm himsclf at all pomnts. An objection the most frivolous—or even futile~—pro-
vided it be tendered by one who understands the proposition—he docs not vefuse to
deal with. The objection mght perplex some honest cnquirer, and therefore Gau.
TaMa, or the {ollower who has imbibed his spint, does not consider himself at hiberty
to consult his own ease by scouting 1t, though he himself may see 1ts futihty plasnly
enongh, Itis fair to remember this when we meet with lodscrously {frivolous
objections gravely trcated m a Nyéya work. The author s not to be supposed to
have invented the objechon It was offered to him—oflered very possibly for the
purpose of vexatiously puzzlng and perplexing,—and the Naiydyika will not allow
himself to be puzzled and perplexed. The most cavilling opponent 18 not to be
allowed the semblance of a victory ; he shall not be allowed to boast even of having
put the philosopher out of temper, This smgle triumph—such as it 15—1s rescrved
for the absolute blockhead.

Now, I should be glad toleam from those who undervalue the method of the
Nydya—speakng of 1ts exposition as ** tedious, loose, and unmethodieal " *—how
could that method be much 1mproved ? One must not. imagme that he has answered
this question when he has shown that there are some mmportant matters not here
explicitly noticed by Gavrama, He must be able to show either that there are m-
portant matters for which the system provides no place, or that the order of proce-
dure 18 misarranged. The order of procedure, according so my own view of it, I
have explamed. The enquiry whether there is anything within the range of concep-
tion, for which the arrangement above sketched does not farnish its appropriate place
is one to which we aim at givmg a practical reply 1n the Synopsis now commenced.

* Ritter’s Listory of Philosophy—Enghsh version—~vol. iv. p. 366,



Meantime let us take a cursory glance at the range of toptes win be nceos~

sary to deal with m preparing a consistent digest of European hy v the use
of India,

Knowledge mav be subdivided, at the outset, into that whict ted by
Revelation, and that which 1s searched out by Philosophy 1 latter
branch that we must at present be concerned.  The knowledge 1 out

by Philosophy constibules Seience, and, when appled to the attaimment Orww,the@
ends, 1t gives rise to Art,  Science relates to things that cxist as realilies, or fo
their modes of existence  What exists as a reality 1 erther Matter or Spint. The
modes of existence, as Number, Magmtude, and Motion, give 11s¢ to such sciences
as Anthmetic, Geometry, and Mechunics. Matter may be regarded as lmponde.
rable or Ponderable lmponderable matter presents iself m the shape of Lleat,
Llectricity, and the Tike Ponderable matter roay be regarded erther as mn Alum or m
Mass. In Atom, 1t furmshes the object-matter of Chemistry. Viewing it in Mass,
we have the earth either considered m connection with the heavens, by Astro-
nomy , or considered alone; superficially, by Geography. or as {othe causes of
the existing distribution of its parts, by Geology, or i regard to its constituent
masses. ‘These are either Inorganic, m which case they belong to Mineralogy , or
Organic, the latter division mcluding the Vegetable and the Ammal kingdoms
Vegetables are considered structurally in Botany, and functionally m Vegetable
Physiology. Ammmals arc concidered structurally . Zoolugy aud Analomy, and
fanctionally under the two phy~iologieal conditions of health and discase,—coundi-
tions with which the science of Medicine 1s conversant,

Reverting to the other maiu branch of the diviston,—Spirit may be divided wto the
Supreme Soul, or God, and the lluman Soul. Considered as a philosoplueal ques-
tion, apart fiom revelition, the question of the cxistence and the atteibutes of God
furnshes the topic of Natural Theology. With regard to the human soul, thete
anise four questions  We may enquire mto 1ts naturc and operations, as questious of
Psychology ; an enquury with which 1t 1s customary to assocuate the enqury wmto
Being—or the science of Mclaphysics Scecondly, we may enquire mto the dubie:,
of the soul, or of its posscssor. ‘Ilus gives rise to F:Llu(,a, private and pubhe.
Thirdly, we may make separate cnquiry respecting the instruments of the soul—
Language, Inference, and Exposiion  Language belongs to Gra.mllua.r, Juference
to Logic, and Exposition to Rhetouie.  Inference agam 1s either of generals from
particulars, or of particulars from generals, so thai Logie 1s cither Induoctive or
Deductive  Fourthly, Soul, or its posscesor, may be regarded as the agent n the
events of History ; and this may be regarded erbher as matter of fact, or as some-
thing calling for an exertion of the criical faculty. Viewed under the former aspect,
1t may be sabdivided mto Political, Religious, and Philosophieal  Conwdering 1t
crilically, we have two questions {o ash,—firstly, what arc its credentials, and lastly
what are 1is lessons

Assuming that {lns enumeration mecludes the topics of a comyplele hberal education,
T am deswons that the whole digest, of which this Synopsis sechs o mdicate the
starting-ponts, ghall be prepared, in the first mstance, with refercuce, as close as
may be, to one of the systems of the umverse already current among, und accepled
by, the Himndds. In_ cxplanation of tlus, I would beg the reader’s altention 1o the
two facts, that a mind can be taught only by means of the li{lowlcdge that 15 already
m 1t , and that apece of knowledge n any mmd—inore especially 1 a mnd aufavour-
ably prepossessed—is an obstacle to the reception of any system wiuch, by neglecting
to recogmuze, appears lo deny, the truih of that prece of hnowledger  Whatever

' The scheme of treatng the IIndd mund asa tabnla 1asa, 1gnoumg the existence of
ThindG opnuous right or wrong, and of attempting to c:lttcate India solely by means of the
nelnsh longnage, I of comse regard as unieasible. The hopelesness of thns somewhat
ndolent and much too superciious scheme has been shown by Mi. B, 1L Modgson, m s
Tetbers on Indian education, with a clearness that nught couvinee prejudice atsclf. Let thee



the Hindii systems 15 2 portion of the adamante truth steclf, will only serve to bafflc
our clforts, if, m 1gnorant impatience, we attempt to sweep it away along with the
rubbish that has encrusted 1t.  What kind of engmeer should we think him, who,
when seching Lo raise a beacon on the Goodwin sands, should hesitate to acknowledge
as a god-send any portion of sohd rock, amid the shifting shoals, to wlich he mght
xivet one of the stays of lus edifice> When a headstrong opponent of an imperfect

ystem treats with mdiscrimmate scorn what 15 true m 1t and what 1s false, he has no
night 1o complamn that s arguments agamst the false are ag Lightly setecmed as s
scorn of the true. When the Hindis have only halted at a stage short of thai which
we onreelves have reached, we should rejoice m bemg able to present to them our
superior kuowledge as the legitimate development of what 1s true m thewr viows, and
not m the shape of a contradiction to anything thut 1s erroneous.

Tt 1s with such aims that | have made use of the Nyaya systcm as the framework
uf the following Synopsis. Wherever n the 1st Book, I have been cunstrmued
1o dissent from Gavrama, I have recorded the awount of divergence in a note. The
Enahsh reader will perhaps be surprised to find in how few mstances I have conside-
ved 1t necessary to record dissent. Ile may probably thunk that I ought to have done
it m more ; bub, m regard to thus, T trust I shall bo able to satisfy the attentrie
veader as the work proceeds. The style of the commentary wil strike ithe Enghsh
reader as stiff and unganly. If he will compare it with the translation of Gavrama’s
Aphorisms which 1s interspersed with native comment, he will see thut [ have
mtentionally mmtated the established style of exposition. My object was, not to
introdace a new style, but to convey tiuth in the style whach, as being the established
style, was the least hkely to provoke cawil

After completing the first Book, contmmning the plan of the whole system, I diud
not consider myself bound to follow the order of Gavrama m the developwent of
the matters therem propounded. Having come to an agreement with my Hindd rea-
ders as to how much of the first Book we jomtly accepted, the development of the
accepted portions might of course, without detiment to the mutual understandmge
between the parties, be carred out i such order of succession as cncumstances
should 1ender adwisable.® Now it bappens that the Nyya philosophy, though fur-
mshmng a framework for an encyclopedic body of doctmne, has, m practice, confined
tself vory much to the topics of Logic and Metaphysics, to the neglect of the topics
of Physical Science, Tlus defect 1t appeared desnable to remedy m the first instance
and, accordingly, my 2nd Book,* after a concise account of the Five Senses (u;
regard to which some erroneous opinions of the Iindds are there corrected }, procecds
1o treat of ** Matter, or that—the qualities of which furnish the objects of the Sen-
ses.” This leads to Astronomy, Geography, &c. Thesc Sciences are here treated
very briefly, because, as I intend the Synopsis to be employed by the Nysya Profes-
sor, and to furnish for his pupis a comprehensive view of the relations of all the
principal sciences to the philosophical system of the Nyéya, the main design would
be obscured if each topic were treated much more fully. = For the use of the other
classes respectively I intend that each of the sectionsin the Synopsis,~—on Geography
Chemistry, Mechames, &c., shall form the starting-points of more expanded trcau:
ses. The complet:mn of theee would require such resources as those of the Colles
of Trenslators which Mr. B. H. Hodgson has designed, and which I shall n%
despair of seeing estabhished. In urging the advisableness of preparing a carcfull

. S ully
systematuzed body c»f wstraction, 15 18 of course mmplied that the irregular a1
immethodical plan hitherto followed for supplying the desideratum docs not appeay

to me calculated to produce effects corvespondent i
tpondal. . Ehe o e pondent to the labour thus immethodically

been to say, ** Here1s a good book—Iet us transﬂ

be as much English education given as posmble,—~t
delusion be chenshed that we shall then lnI;,ve don,e mﬂ-e [::&:l:e the b

P{In thie second edition 1t has been thought i ‘
neeuldonce wath the order followed by M, lew:ﬁh::ﬁbﬁ.t%g;mge_‘the Seences n close

etter;—but let not the, '



late i..”  And so0 a considerable number of books has been translated, and still the
want 1s far from being supplicd,—just because no moderate, much less any undiges-
ted, selection of books can give the quiniessence of the Library of Europe. Oue
book mtrodes largely into the province of another; and when this 1s not attended to,
we go on reproducmg the some thing over and over agan, sometunes in a better
shape and sometimes mn a worse, and the conscquence 1s, that, while our to1l 15 mul-
tiphed, our r2aclers do not add to thewr knowledge 1n proportion as they procced with
their reading. The evil of such a state of thmgs m Europe 18 atiempted to be
remedied from time to time by the issue of Encyclopedias, which undertake to sum
up the total of real knowledge up to the date of publication. The adoption of such
a comprehen-ive method at the ontset would have saved, in Indian education, & world
of time and expense. Itis not too late o adoptit in regardto the Sanskrit, in
which hutherto next to nothing has been done to make those conversant with thut
language acquainted with European Science.

To a reader who 1s not aware of the relation—the still existing relation of the
Huwda languages to their iving and fostermg perent the Sanskrt—the only parent
to which they can look up for wholesome nourishment,—it may seem paradoxical
when I assert that the Bt preparation of a version of any scientific treatise in Hindi,
Bengali, Mahratta, Guzerati, Tdmil, Tclugd, and Sanskrit, 1s easier than the preparation
of the same set of versions without the Sansknt one. A hitle reflection will show
that there is nothing strange in thuis. What 1s the difficulty—the transcendent difi-
culty—in {ranslating a European work into an Oriental language ! It is the difficula
ty of determining the exact amount of correspondency between the different portions
of the knowledge, on any subject, elaborated by the East and West, and embodied

*n regard to this pomt I may transeribe the following observations from an article on
*The Prospects of India, Religious and Intellectual’ (Benames Magazine, March 1849,)
vauous portions of which, as conveyng opimons which I have seen no reason to change,
have been ncorporated m the present Advertisement.

“It 1s & great and mischievous mistake to 1egard the Sansknt i India as 2 dead langu-
age, 1n the sense which that texm generally suggests. What 15 meant by adead language ?

e men out of ten will 1eply at once that it 1s a language no longer spoken by the people
as then mother-tongue. This defimtion at once suggests to six men at least out of ten,
the i1dea of alanguage, the cultivation of which, if desirable at all, 13 so mamly as a mat-
ter of intelligent curiomty. But a very little reflection will suffice to convince any one that
of the languages which, m teims of the foregomg definition may be called dead, by
no means the whole fall under the description here suggested. For example, the
Anglo-Sexon 15 no longer spoken by the people of England, and nerther 1s the Latmn.
To call them both dead languages, however, does not fairly 1mply that thew claims to atten-
tion are equal. In iespect of thetr influence upon the spoken language of the day, the
Anglo-Saxson, fiom which, either as a language or a hiterature, we have long smce ceased
to gam anything new, may be 1egarded as the deceased parent of the English ; whilst the
Latm, from which our language receives yemly aceretions, and by whose lferature the
minds of each successive generation are moulded, acts the pait of a hvmg mmse—though
we may choose to hold 1t techmeally dead. Butf the diffierence be gieat between these
two, which 18 hidden under the general name of * dead language,”” much more momentous
15 the difference whieh can shp fallaciously out of sight when the same conveniently loose
cloak of a generalization based on the non-essential throws 1ts misty folds aiound the Sans-
knt also. The Sansknt, to all intents snd purposes of any consequence, 1s no more dead
than our reader, who would be able to imsure hus hife on lus own terms if he could show
that he had the shghtest chance of surviving it.

'Tn the Dedication prefixed to the first Ecition of lus Dictionary, but omutted m the ses
cond, Professor H. H. Wilson remarks :—

“The value of the Sanskrif language, as an object of Literary curiosity, is of no moment
compared with 1ts importanee i the hight m which it must be viewed by all who duly consi-
dbr 1ts connexion with the welfme of this country »

That 18 an 1mportant testbmony from a scholar whose tastes and acquirements would tend
tg anything rather than to make him underrste the value of a thing * as an object of lter-
aky cuwnosity” compared with its value m any other pomt of view. :



an wien respective torms of speech.  Different phulosoplie or scientifie theories give
nse to different forms of expression; and, where tlus is disregarded or forgotien, we
have the story of Babel repeated mdefimtely Now, this immense difference of cast,
hoth m thought and expression, meets us i every Indian language which we try to
mahe the vehide of our knowledge ; but if the work which 1t is wished to commu-
nicate to all India 15 once put fitly into Sanshrit, the task 1s well-mgh done. There
15 httle more difficulty in turning the Sanskeil work mnto each and all of the vernacu-
lars, when there ure properly instructed pandits of all nations at hand, than m turn-
mg so mmy mngots of gold nto guineas, sovercigns, and half sovereigns, when the
mint 18 at your command. When  book has been first rendered mnto wnexceptionable
Sanskrit, the msk of error, under proper supervision, 18 at an end , whereas, if trans.
lations are made nto each language directly from the Enghsh, the risk of misconcep-
1100 perpeiually recurs. A correct Sanskrit version 1s like the golden or platina red
deposited n the exchequer office, by which all the brass and wooden yard-measures
mn the country can be verified, or rectified. To obwiate mmsconception, 1t may be pro-
per to add, that I wish the Sanskrit version to be regnrded as the measure and eritc.
rion of the sense, not as the rigid examplar of the form to be adhered to mn the ver-
nacular versions lo which 1t shall supply the matter and the scientific terminology.

As it is m the Nydya class that the Synopms s to be employed, there 1s onc sce-
tion of 1t which I contemplate treating more fully, m the first instance, than the
other sections,—the section, namely, of lLogic, Ratiocinative and ladnetive. In the
Bansknt Lectures on the Mutual Relations of the Sciences, I furmished the Nydya
pandit with a concise exposition of the European theory of the Syllogism; and lus
pupls, while studying 1t, were not a httle strack with the technical apparatas of
** Barbara, Celarent, §¢.”” resembling so closely as 1t does, m1its employment of 1.
dicatory vowels and consonants, the time-honoured techmeal apparatus of the
Sanskrit Grammar In a shetch of * The Philosophy of Investigation,” [ adapt-
cd, from Sir John ITerschel’s Discourse, the fine example of Induction furmshed by
Dr Wells's theory of the formation of Dew. In consiructing both of these tracls
n Sansknt, I fomnd 1t very difficalt to satisly the pandis.” The fact bemg that
they had a system of thew own, unless all the terms were employed n strict accors
dance with that system, continual nusconception was mewitable Our modern
conception of Induction bemng that to which s particularly to be attributed our su-
Perior progress mn science, 1t appeared highly mmportant, since there existed such a
difficalty ;n  coming to 2 mutual understanding, that the Hindd speculations on the
subject should be carefully investigated; and I was therefore glad at tins time to
receive from Professor M. H. Wilson aletter suggesting that a translation of the
Anumdna Khdnda, or ** Section on Inference,” the standard treatise on Hindd Logre,
would be very acceptable to thelogicians of Europe. An examination of the work
1 question showed mea greater resemblance than I eould have hoped to find bu-
tween the twn of thought and expression in the wmter andn Mr. John Staari
Mull, whose work, on  Logic, Ratiocinatve and Inductive,” I had begun to employ,
with good prospect of advantage, m reading with my class of pondits  Two tre1-
tises have therefore been commenced, and put to prees :—the one to cousist of
such a commented abstract of Mr. Mill’s work as may bost suil at proscot the class
of readers for whom 1t is intended,~and the other, of a translation of the parallel
Sanskrit treatise above mentioned, on the same subject, to be studied m the Englivh
deli‘artm}c:nt alsofof the College, ° )

For the usc of the students in the English department, I prepared. as a se

the Lectures on the Ny4ya Philosophy, a Lectuxl-’e on the SéElsl})ya. Philosoph;lu(gr}if
bracing the text, with translabion, of the Tuttwe-semdsa, and a Leoture on the Vie-
dénta Philogopby, cmbracing the text, with translition, of the Veddnta.sdrai ¢

" Inthe profuce to this translation it 18 remaked as follows :— That this exposition |
ans : ion {>f
the wost abstruse of the Mindd systens shounld he fanltless, 1s very far from pu?bablc. n
bungmg it—as it now stunds—hefore the semor Enghish students, and the eclass of pandit,s,
w the Benmes College, who have for some tume been studymg Lnglish, the mtention n-



THOE FOLLOWING IS A TRANSLATION OT THE
SANSKRIT PREFACE,

Snm—e——

That intelligent persons should differ 1n opimon on any matter of mmportance is cause of
regret. It 1s another cause of 1egiet that intelligent persons should imagime that they differ
m opimion whete they really do not differ. How much of useless alteication or of unjust
censure 15 likely to result fiom such mutual msapprehension, 1t would be supeifluous to
msist upon. It can never be an unworthy aim to endeavour to 1cmove any mutoal nusap-
prehension which tends to make even two mdividuals thmmk unwortinly of one another: how
muach less so, then, where the mutual misapprehension exists between two great sections
t{f the eartl’s mbabitants. The attempt 1s one 1n which even to have failed may be no
tisgrace.

The Hmdds have an ancient hiterature which they cherish vath affectionate pride. In
this thev do well. Europeans have a htaiature for which the prase 18 claimed that 1t s
daly addmg to the mtellectusl wealth of mankind. If Europeans regard their hterature,
m this aspeet, with an affectionate pride, they also do well. But 1f the European, not
rightly percerving how the Ilmdd 1s asserting some unquestionable truth, 1o phraseology to
which the European 1s unaceustomed, shall condemn the Hindd as asserfing an erroz, he .~
unknowingly commits mjustice ; and the Hindd 1s hable to commit the hike mjustiee m
vetwrn. This lLability to mutual musappiehension bemg very undesirable, 1t 1s desirable
that a remedy for 1t should be dewised.

As tvo opposite opinions cannot both be right, and as therc ean be no good, and therc
may be much harm, mn holding a wrong opinion, 1t 13 reasonable that inteligent men,
when they differ m opinon, should amicably discuss their difference.  This, however, can-
not be satisfactoly done unless they clearly apprehend what their difference amounts to ;
and ns duference commences wheie agreement ends, 1t 18 desnable mn every ease to deter-
mine s accw ately as possible how for the agreement extends, m order that we may not be
hable, n the heat of argument, to dispute about that which 1s not a matter of disagreement,

Ilaving resolved, theiefore, to attempt to determune the extent of agieement between
Euwiopean and Indian thinkers, 1t became a question what exposition should be assumed as
most fully and fanly representing the sentiments of the Iindls. There was no diffieulty
m selecting the Ny&ya m the first mstance, becanse this system of philosophy, while 1t
adverts, 1n some way or other, to all the topies considered m the other systems, takes cog-
mzance also of various matters wiich the other systems disregard. Although other systems
of philosophy, besides the Nyéya, ate accepted m India, yet 1t suffices if we determme how
far the sentiments of Ewiopeans accord with those of the Nyéya ; because, if a reader knows
what relation the Nydya bears to the Sinkhya or the Vedinta, with which he holds the
Nydya to be reconcileable, he must undeistand the 1elation of Euiopean philosophy to each
of the other two if he understands 1ts relation to this one. He who already knows the re-
lative bearngs of the three great places of pilgiimage, Kdsf, Gayd, and Praydga, should be
able to estimate the bearing of the second and thnd of these m1espect of any fowth aty,
if he knows how that erty hes in 1espeet of the first. -

In the first book of s Aphorisms, GAUTAMA lays down the plan of the whole Nyiya
system. 'The reader to whom the present work 15 addiessed 18 supposed to be econversant
with the first book of the Nyaya Aphorisms. Such a reader will at onee see_how fm we
agree with Gaurama, and 1 regard to what pomts we differ fiom lum, It has been
thought advisable that, after determming thus much, we should then, mstead of dis-
cussing the pomts of difference, rather go on to the developement of the pomnts of agiee-
ment, m the hope that, m the cowse of such anenquuy, the pomtsof difference muy ei-
ther disuppear or may have such light thrown upon them that we may be the better pre-
pued to deal with them. .

Tt has been the endeavour throughout to make thic expositions as ssmple as possible, but
the reader who 1s unacquamted with European literature niust not be surpnsed if he meets
here some things bard to understand ~ Almost every treatise on any novel topic requues”
to have light thrown upon 1t by au oral mnstmetor. The 1eader, therefore, where he does
not clearly sec the sense, will” do well to enqune of some one competent to explan and
1lustrate, rather than lay aside the book with the conviction that 1t1s unmeaning hecauser
the meaning 15 not at once everywhere clear to bam It 1s m particular Qiffieult to convey,
by means of words alone, an adequate conception of such facts as can be best exubited by
eapeinmental illustration,



A tascreulus of the excellent text-book of the Nyaya employed in Bengal
has also been printed, with a translation, for the use of the English pupils , and, o
smooth the entrance to the grammar, I have prepared, with the aiwd of Mr Hall, a
series of *¢ First Lessons 1n Sanskril” on the method of Ollendorff, each sheet as 1t
was printed being supphed to the classes. By such means we aim af rendermg Sans-
knf, with all its fine capalnhities as a disciplinal study, no longer a thmg here attain-
-sble only at the expense of a life-time ; and 1t 18 thus that we am further at mahing
the English and the Sanskrit departments of the College understand each othier on
subjects 1 regaad to which hitherto the students of the two departments, though
speahing the same Vernneular, could as httle understand each other as themnhabitants
of separate plancts with separate natural laws. The reader unacquamted with the
facts may find 1t difficult to concerve this —I give him my word for 1t. Another
standard work, the treatise on lderary eriticism entitled the Sdhatya Derpana, has
heen selected as a portion of the course of Sanshrit study designed for the Enghsh
department.  The printing of this work, with its translation, as the subjeet scemed
ukely to mterest European scholars, has been undertaken by the Asiatic Society,
“and the first fasciculus is now pubhished as a portion of the ¢ Bibliotheca Indica’ ¥
rust that m due time the whole of the course of study pursued m the Sanskrit de-
paitmeni will become by such means opened to the pupls of the English department,,
and I am not without bopes that when this shall be the case, & collateral result will
be the removal (from the minds of those competent {o judge) of a considerablo
mount of misconception at present existing in 1egard to the nature and value of a
Sanskrit education. The Oxonian who mghtly esteems Anstotle will not disesteem
autama and Siromani when he becomes equally well acquainied with them
In the Benares College,—besides the Arabic and Persian department, which does
not come within the scope of the present notice,—there 18 another department nof.
vet adverted to, viz, the Hmdi  According to the natve system the young Brah-
»aan 1s confined to the study of the Sanskrit gramwmar for a protracied period before
he lcarus anything besides the sounds and milections of words. This arrangement,
bemg objectionable, the younge: students of Sanskrit are now formed, during
cerlan hours of the day, nto classes for the study of various maticrs of useful know-
ledge, such as Geography, Anthmetic, Mensuration, &c , n their vernacular Hindi.
The various Sanshrit works rendered mto English for the other department are to be
rendered also into Hindi for the use of these students, and some progress has been
mnde m this direction.
Such,—ns regards the enlstmg of the Sansknt on the side of progress,—is an
guiline of what has been attempted, during the last five years, m the Benares Col-
sge. It was scarcely to be wondered at that a line of operations snch as Ihave
sketched,—designed to make the learning of the Hindis a strong ally instead of a
stubborn opponent,—should ocessionelly be mistahen for & fond admiration of Sans-
kit scholarship and an mjudicious undervalumg of everythmg else m companson,
To shaw that this 1s quite a musconception, enough has been now said.

Benares College,
81st July, 1851, J. R. B.

Judes its being submitted to a searching eriticism, so that any errors entertained in regard
to the system, by Europeans, may have the better chance of bemng discovered and reeti-
ed.”  The same remark applhes to all my other translations. Thongh no pams has been
pared on them, and they are the result of Inbour curiously disproportioned to the small-

ess of thewr bulk, yet I do not presume to offer them to the scholars of F
rogfsheels awaiing correction, of Barope escept as



ADVERTISEMENT, Xvii

The reader, if he be, as is not improbable, fond of abstract speculation, such as is found
10 the logieal sections of the Nyayn, ought not to regard with 1mpatience the discussion of
facts 1n regard to the properties of material things, to which we have seen fitto devote cer-
tun chapters, because, unless we have an ample body of recogmsed facts, 1t is 1mpossible
properly to exemplify and justify the logieal processes of scientific enquiry which furmish the
subject of certan other chapters. If, on a hasty glance, it should seem to hum that the dis-
cussion of wheels and hammers and ropes 1s beneath the dignity of philosophy, we would
remind hun  that lus own revered teachers of Astronomy give to the learner his first concep-
tions of the airangement of the heavens by means of an armillary sphere formed of little
hoops of bamboo, and that the Indian logician has not disdamed to stody the wheel of the
potter, though he has not yet learned from 1t all that 1t 1s quahfied to teach,



PREFATORY REMARKS

ON

TRANSLATION.
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Since the pablication of the first edition of this Synopsis, the Desp teh of the Ho-
nourable Court of Directois, of the 19th July 1854, ordammng a great extemsion
of the menns for the education of India, has mven fresh interest to the question
how the books to be employed i carrymg out the work of enlighteument and civili-
zation ought to be constructed. Terms of constant recurrence m discussions hike
the present are ‘¢ Education,” * Schools,” ** Indwa,” * The Vernacular,” ¢ Native
Learning,” Let us look at each of these n tmin

Education 1s too generally held to be synonymous with pro-

Educatwon whet.  fessonal traming When o man holding such a view, and

loohing on the professionally trained pupl merely as an aval-

able instrument, speaks with another man who holds the pupil to be not a mere m-

strument, but an end 1 himself, the colloquy must prove hughly distasteful to bbth.

Education 18 the educing, or ehating, the ficulties of the pupil, with a view first to

Tus own benefit,—and this not necessanly without a view 1o the benefits which such

an educing of the pupil’s faculties may 1ncidentally, as 1t will most probably, procure
for others. ILducation, thus viewed, admits of wide differences i degree.

Different degrees of education are to be given in different

Schools mot all up- hinds of schools. Inthe highest of our schools 1t would be
on the same level.  disgraceful to usif we did not endeavour to teach whatever

thing of value we are competent to teach In respect of the
lower schools, down to the Ragged School of the poorest village, we shall be more
likely to advance the good work if we begin’by determuining what shall be impera-
tively included m the course, rather than by deciding what 1s fo be 1mperatively de-
barred admission  In a small provincial school we need not undertake to teach Ber-
zehws’s System of Chemistiy, 1n ats five thick octavo volumes, but there 1s no reason
why the name of * Chemustry” or Science,” should deter us from attempting to
teach such matters of the Chemistry of Common Life as the fact that Air 1s neces-
sery to the burning of o lamp, and the reason of this, how the burnmng lamp-wick 15
not annihilated, seeing that we can, with apparatus no more complex than a glass.
tumbler, cateh the mvisible products of the combustion, and demonstrate their exis-
tence, the theory of rusting, and why rust 1s prevented by ailing; the processes of
solution, filtration, evaporation, and crystalhzation, exhibited with the md of small
portions of the selts procurable in the bazaars; or the theory of the whitening of
lime water by breathing into 1t,—thus unvesling the trick of the rchigious mendicants
who profess 1o turn water into milk by thew muttered spells. Things such as these
could be profitably taught in very elementary schools, Inthe higher schools, of
course, more 1s to be expected and demanded.
But 1t 15 education in the schools of India that we are

India not to bemis- speahing of, and it 1s needless to hope that the huge hetero-
taken for a homogeneous geneous aggregate can be educated by means of some one
unit, common language, termed “the Vernacular.” To come to

a clear understanding on this matter of the Vernacular, 1t i

necessary that we should previously gain some clear conception of Native Learning
and of the native learned.



ON TRANSLATION. xix

The native learncd may, for our present purpose, be di-
Native learning, and vided inte those for the wisciphne of whose wentul faculties
the natwe leurned, the gymnastic was furwshed by the Arabic, and those for
whom, on the other hand, 1t was furmshed by the Sansknt
Of really learned Arabic scholars, who study Sanskmt, or of really learned Sanshmt
seholars, who study Arabie, | have met with no mstance among the natives of India
These two languages, m the hands of those who severally are really masters of them,
are the feeders of the two great vernacular streams,—wiz , the Urdd, fed from the
Arabic, snd runnmg 1fs undivided course, the other stream, fed by the S nsknt,
and branching off mto the Hindi, Bengdli, Mahratta, Guzeratee, and their kindred
tongues. And not only 1s the Sanskrit the feeder of these streams, but 1t feeds also
the radically different Tamuliaa languages of Southern India,—because the teachers
there are Bralmans, who owe their mental training to the Sansknt On a hesty
view, 1t might here seem to offer itself as a legitimate ques-
The question gs to the tion, whether, on ths showing, the Arabic or the Banskrit
comparatwe wmportance were of the greater ymportance. Such a question I simply
of the Arabic and of the refuse to entertan  The question 1s as much to the purpose
Sanskrit here @ purely gs the question whether beef or hay were of the greater im-
miscluevous one. portance when you had to feed men and horses
As a feeder of ** the Vernacular,” the Arabic 18 apt to be
General preference of regarded, by the geperality of persons m authority, with
the Arabic accounted greater favour than the Sansknt, because, from circum-
JSor. stances, the public offices are what we may term Persianmized.
During the period when Persian was the only language of the
law-courts, Aiabic was studied, and 11ghtly, as the indispensable basis of any real
knowledge of modern Persian Persian has now long been discontinued in the
courts, but the Urdd substituted for it 18 hittle else than the same Persian with In-
dian comnectives substituted for the Persian ones. The cultivators of Arabic and
Persian have thus continued to blockade the courts, and so the European officers are
hable to intermingle with their vision of the outside world something of the Arabico-
Persianized medium throngh which thewr native subordinates habitually commumcate
with them. I would find no fault with any amount of esteem for the Arabic and the
Persian,—each of them long ago the object of my own ardent study and admiration,
—if this did not lead,—as 1t too frequently, and most unreasonably, does,—toa
disparagement of the uses of the Sansknt  As I have already stated, I sumply refuse
to recogmse the question, which 1s of the greater importance,—Arabic or Sansknt.
Both are mmdispensable,
As regards our educational proceedings, the importance of
What thevalue of na- Native Learning is not to be measured by the value,—real or
twe learning consists #n.  supposed, —of the amount of information contamed m the
Arabic and 1 the Sanskrit., The disparagers of the one or
the other literature will scaicely be found among those who really possess any hnow-
ledge of either. The best jadges have long ere this decided, that the Arabic and
the Sanskrt languages are noble disciplinal stadies, and that they are fountamn-langua-
ges, from which the vernaculars can be mdefinitely supplied with fresh forces. But,
m order that the fresh adaitions may become naturahzed, iti1s mdispensable, first,
that the additions should be made by persons thoroughly quabfied to make them rght-
ly, and secondly, that the learners should have access to complete information res-
pecting the reasons why each particular sddition was made exactly asit was. In
other words, a permanently vital system of education, in modern science, through
the medium of un-barbarized Urdd, mmphes the possibility of reference af all times
to learned and well-informed Maulavis, and, analogously, in the case of the Hindi
dialects, to learned and well-mformed Pandits ; just as a scientific Englhish education
maplies the possibility of reference to relisble sources of information relative to the
classical languages from which. the terms of science are tuken m Europe, Where
this access to the fountains 1s not open, or not made use of, the terms will be found
to degenerate rapidly mto a gibberish,—such as we find in the digarf of our law-
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courts, for a ** decree,” the ta'rpz'n-ka’-te{ of our laboratores, for “turpentne,” or
i our kitchens, for an *“ omelette.”

the mdmlet of If these views are Just, then the ﬁrs?n question which re-
;. ques to be distinctly settled is whether we are gomg to

ca%;z:g: u}%:;’ ,;C;Ct:o Endertake the education of the Indian millions through zn
be educated, Enghsh agency, or through a Native agency. The idea of
1ts being possible to employ a direct English agency m the

tuition of all India, 1¢ perbaps exphaitly entertained by noone, but the legitimate
consequences of the impossibility are very hable to be over-looked. The labour and
difficalty of reproducing,—really, and not merely in fallacious appearance,—Eu-
ropean terms of science in the languages of the East, originale a kind of indolent
impatience, which seeks to cut the Gordian knot by deciding that the Enghsh
language ought to be the language of scence for all the wold,—a decision
recommended by the plausible plea that a cosmopohitsn language of science offers
obvious advantages. My reply rests on the fact, which I have asseited and illustrat-
ed, that scienific terms cut off from the possibility of reference to thewr sources,
tend headlong towards degeneracy. Under a complete Enghsh agency employed 1n
the turtion of all India, this natural, and experienced, resalt, might be partially
staved off ; but with the agency which, as already agreed, we must go to work with
if the work 1s to be done extensively at all, the English names will rapdly alter to
such a degree that no one who has not watched the progress of thewr degeneracy will
be able to recognise them ; and thus the fancied advantages of a cosmopolitan termn:-
nology vamsh, The degenerated Enghsh terms of our law.

The hope of a cosmo- courts, our laboratories, and our Litchens, are just as unin-
politen terminology chi- teligible fo the new-comer asif they were native terms
sherical, which he had never before met with A shout of laughter

usually accompanies the discovery of what the transmogrified
vocable was intended for; but the word 1s no help towards mutual understanding
The same would be eventually the fate of an Enghsh swmentific termmology m the
hands of the only agency which, by the hypothesis, 1s at our disposal for the educa-
tion of the millions. '

Having set forth reasons for holding that an extended vernacular terminology, to
have any chance of becoming profitably naturalized, must be fed from the sources of
the Arabic or of the Sanskrit,—and having explained my conviction that neither of
these separately can be made,—exzcept in most delusive semblance,~to supply the
place of both, I should now proceed to exemphfy the application of an Eastern foun-
tain-language, the Sansknf, to the production of new terms of science ;—but before
entermg upon the termmology of the sciences, I must state my reasons for taking
these in the order'in which I take them,

) In designing an educationsl course, if we are to go to

The end and themeans Work methodically, systematically, and profitably, then regard
in the altempt to educate must be had tothe end and to the means Where no distinet
India, ought to be clear- end, or not the same end, 1s kept mn view by those who take
ly determined, part in a discussion, agreement asto the meansis pretty

well out of the question. And how can we hope, as Bacon
srys, to achieve the course if. we have not first distimctly fixed the goal ? It raay be said,
indeed, that there are more goals than one, inasmuch us we do not expect all our pu-
pils to go as far ss the one who goes the furthest. Be it so, but let us first settle the,
goal for that one, and then the various stages which the others may content themselves
with reaching, will all lie along that more extended course,

Shall our absolutely ultimate end, then, be the production of a first-rate engieer,
or of a valuable revenue officer, or of an accomplished native magistrate }  'With this
I am not prepared to be satisfied. My proposed end is the maling of each educated,
Hindd a Chistisn,—on principle and conviction  This end, as I propose here to indicate
mplies every thing that the amplest course of educstion can comprise. Let us trace
the assertign backward,—as thus That a Hindd should, on prmciple and convie-
tion, embrace a religion which, ke Chr stianity, bases its clams on historical evi-
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dence, presupposes not merely an acquaintance with historical assertions, but a cul.
tivation of the critical faculty, so as that the force of the hctorcal evidence may be
intelhgently felt The immediate preparation for a critically mtelligent study of his-
tory, s the study of Physical Geography. A history, all of whose asserfions are
found consitent with the multifarious mformation supphied by Physical Geography
must be felt to present very different claims on our respect from those of a Purdna,
‘with 1ts nowhere discoverable oceans of treacle, cne-juice, and butter-mlh  But
to approhend with full intelligence what 1s presented of Physical Geography, a know-
ledge of Zoology, Botany, and Geology are required  The full appreciation of these,
agamn, presupposes Chemistry, n all its extensive bearmgs on Meteorology, chmate,
&c.  The study of Chemstry must be preceded by that of Phiysics Physics demands
an anterior acquaintance with the sciences of Number and Magnitude,—sciences
which present the most elenientary exemplification of applied Logic  Such 1s a rapid
enumeration of the great steps i the mtellectunl comse How the moral course
combmes with this, we shall see, when, returning on our steps synthetically, we
enquire what apparatus of educational materials the course above mdicated will
require,
Now 1t may be objected as follows. * Youcall thisan
Science the only sohd mtellectusl course,—it 1sall science,—mere hnowledge ,—
Joundation of art. but are we to have no apphed science >—are we not to teach
the arts 1 reply,—assuredly you have got to ieach these ,
and if you wish to tench them effectually, you will take care that your exposition of
each of them shall emanate from a previously well-digested expo<ition of the sciences
from which the arts draw ther hfe-Ulood Your mstructions in Suiveying will bear re-
ference to your scientific cxpostion of Geometry and Arithmetic,—and will be given n
the accurately determined language of those scientific exposiions  Your Pharmacy
will be founded on your scientific exposmtion of Chemustry, and will avail itself of
Chemical language and of Chemical prineiples  You wall not,—it 1s to be hoped,—
when pennmg practical mstructions for the winer, ignore the scientific views and teems
of your Geology. In shoit, all treatises on the mits ought to bear reference to the
parent sciences, and should be constiucted 1n such exact accordance with the exposi-
tion of the parent sciences, that the artist may have nothing to unlearn, or to con-
fuse him, when he turns to the expositions of the parent sciences for fiesh sugges-
tions 1n the prosecution of hus art. Hence, mn a systematic preparation of a hterd-
ture, we must, exeeptn cases of urgency, attend to science first: and even m the
exceptionel cases, you must regard your first rude manuals of art as merely provi-
sional, and as awaiting the recufication which a thorough exposition of the parent
sciences will subsequently render possible.
A second probable objection 1s this, thet, the course mndi.
The relatwe order of cated above presents the sciences m an order which 1s not a-
the sciences not the or- dapted to practical education. That you should begin with
der wm which boys are Logic,—then proceed to Mathematics, (includmg all 1ts
bound to study. branches ),—go next to Physics, and so proceed through the
whole series of the sciences, before readmg a page of His-
tory, or a chapter of Zoology, 1s not feasible. True,—mnor do I ntend that anything
of the kind should be attempted. A boy may with great advantage store his mind
with passages of History before he s at all quabfied to decide on the histoman’s
claims to respect ; and he may, not unprofitably, become acquamted with the chem:-
cal characters of the gases, though he may not have studied Physics so as thorough-
Iy to understand the physical principles on which the manipulation of the gases de-
pends ,—and he may profitably become famihiar with the Mechanical Powers, even
when his mathemstical acquirements are but slender ,—and he may adviseably prose-
cute his mathematical studies pretty fur, before he turns his attention to the general
laws of Reasoning,—to that abstract science, of which sll other sciences are the con-
crete embodiments. But still the books which he reads ought all to be constracted
in prospective contemplation of his eventually coming to recogmse the chain of evi-
dence 1o all 1ts strength and 1n the logical order of its inks, This cennot be expec-
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ted if no attention, in the preparation of the course, be pad to the order of the
ks A third ohjection may be this, thet so systematic a course,
Independent tramsla- 88 that proposed, could not be the result of the dependent
tional labours a sowrce worhing of the numerous persons who would be required
of wasteful cxpenditwe.  to work uponit. This I mo-t readily allow, and theiefore
1t1s, that I gmeve over the comparative waste of a great
quantity of independent working, which has Iitheito produced loads upon loads of
books, and yet, by general admission, no ed ucational courte How cooperation, as
contra~-distinguished fiom a mass of simultancous but nrespecine labour, mught be
secured, I must not here allow myself the space which would be necessary for dis-
cussing.  Suffice 1t to say that my views m regardto the desirableness of a College
of Tianslators, comncrde with those set forth I)%r Mr B. H. Hodgson m his published
s on ** The pre-cminence of the vernaculars
1et§f;: xgxe now cnlumerate the sciences, and show how I think each ought to be dealt
with m presentng 1t to India through those of the vernaculars which hang upon the
Sanskmt. Let 1t be remembered, that I am not proposing any substitute for Enghsly
education where Enghsh education is available ,—and that I am not proposing that
valuable English teachers who happen to have neither taste nor turn for vernacular
teaching, should trouble themselves for one moment by attempting 1t. My sugges.
tions have reforence to that puiely native agency which I contend we must employ 1f
the millions aie to be really educated In the hands of that agency I would seel ic
place an educational literature containmg nothing that s msoluble m the: absence of
the power of reference to Euaropean erudition which, by the nypothesis, is not avail-
able. The native erudition, competent to the solution of all the ternunology which I
advocate, 15 available,—and would remamn available if the Enghsh by any strange
chance should have been driven from India mto the sea It 1s scarcely worth while
to remarh, parcnthetically, that to those who, in such event, care not what might be-
come of India, I am not now addressimng myself
Al scrence, or knowledge, rests onits approprinte evi.
The order of the dence—direct or indirect. Sense and Consciousness are di-
sciences. rect enidence. Inference and Testimony are indirect or me-
diate. In a Synopsis of the Sciences, these topies come pro-
perly at the outset ; though they are not, 1repeat, the topics which first demand the
attention of a learner  In our Sanshrit Synopsis, designed to furnmish the termino-
logy for versions in the Hindi, Bengali, Mahiatta, Telugu, &c., we treat thece {opies
1n the order of (1) the Senses and the Mind, (2) Inductive Investigation, (8) De-
duction, (4) Demonstrative Exposition, 1 e, Rhetone, and (5) Formal Logic The
philosophical witings of the Hindds furnish a tolerably ample termmology for the sa-
tisfactory treatment of the first four of these topics; but, to be wielded wih any ef.
fect at all, this termimology requues to be carcfully and critieally sought out, and
estimated, in sitw, not to be taken on trust from the pa-
Translators—by Dic- ges of a dictionary. Moreover, where an appropriated teim
tonary—af litle avaud, exists, of we fail to discover it, and if we wvent a difftrent
except to spoil paper.  term of our own, the established and appropiiated term will
be almost sure to prevent the new term from bemng under-
stood, because ihe hearer naturally supposes that you must meen somethung else
than what 1s meant by the appropriated term,—else why not have irade use of that ?
For evample,—Aichbichop Whately explains Jnduction to mean the * bringing '
of inctances sufficient to sapport a genetal couclusion  Mr. Whewell, again, holds
that the word properly means the * superinducing” of a general conception upon the
observed facts Now, auy attempt to translate the word according to either of these
views, would only mystify a Pandit, who really has olready the required ides m lus
mind, but a very different term,—and, m my opmion, a much better one,—io cxprees
it by. The term is vydpti-graka,—literally « the cognizance of pervadedness”,—1,
e., the cogmzing that some given nature or property,—e. g., * human nature’, —is
mvanably attended by some given nature or property,~-e, g, * mortality”., It may
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be objected that we have nothing to do with this when dealing with the zabule rase
of a student’s mind ,—to wiich I reply,—that, when we have settled that s native
agency must be employed in the education of the millions, and this an agency owmng
ite value to the possescion of a fountamn-language,—we do 1ll to obtrude terms which
tend to Leep the learner from understanding the right views embodied 1n the time-
honoured phraseology of his teacher. Why do we, in any case, obtrude our ugher
term, Pwhen the finer one might be found if dug for, hke a diamond, m the proper
mme

But it 1s not so much the advisableness of learning what

Construction of nme- the Hindds know, before we undert.ke to Zeach them,~—that

cessarily new terms. I now seek to explain The construction of new terms,

where established terms are avowedly no# available, 1s what
I more particularly wish here to spesk of Formal Logie, a subject neglected or
overloohed by the Hindds, demands a construction of new terms The nomencla-
tute of the parts of the syllogism, adopted n conceit with Pandit Vitthal Sdstri,
may suffice for illustration Here equivalents were required for poposition, term,
mayor premiss, minor premiss, conclusion, subject, predicate, major term, minor term,
and muddle term.

Now a proposition 18 “ a sentence indicative ,” and there is no one word 1z Sans-
knt which distinguishes a proposition frcm other sentences (—questions or com-
mands—) by implying its indicative character The matter required, therefore, to
be looked at from a different pomnt of view,—as thus. A syllogism, or argument in
regular form, 1s called nydya, and each of 1its three members (avayava) is called a
nydydvayava. As each of these 1s necessarily a proposition, 1t follows that the term
nydydvayava, though 1t does not etymologically signify ‘‘ a sentence indicative,” 1s
yet, for the purposes of logic, its precise equipollent, and as such we employ 1t.
Next, there 1s no Sanskrit word for ferms  The terms of a proposition are the Sob-
Ject (uddesya) and Predicate (vidheya) , and Hindd speculators, having a separate
name for each of these, did not take the trouble of devising an expression which,
like our word Zerm, might refer the two to one common genus. An equipollent ex-
pression bemg, however, wanted in our exposition,—instead of seehing to obtrude
the novel and infructuous conception of the two as bemng alike the boundames (ter-
mim) of a proposition, we accommodate ourselves to the langunage already 1n use, we
dissolve the expression which will it no Sanskmt mould, and we recast 1t, m &
shape which dispenses with the necessity for any accompanying explanation,~—as ** that
which expresses a subject or a predicate”—(uddesya-vidheya-bodhaka ). It may be
objected that an expression like this 1s cumbrous , but even combrous instruments are
not unmanageable m powerful hands,~—and the Pandits of Benures are no children.

Just as we dealt with the word ferm,—makmg our expression denote exphaitly the
subject and predicate which we found already provided with separate names,—=so have
we dealt with the word premiss There 18 no Sanskmt word for premiss, but there
is a word for what we denominate the major premuss, and another for what we deno-
mnate the minor premiss,—(uddharana and upanaye) :—the aggregative compound of
the two,—uddharanopanayau—is equipollent to ““the premisses.” For the other
words above-mentioned there were available terms already mn use.

‘We pass now to those sciencesn which Logic, the

Mathematics. most abstract of the sciences, the science of the forms of

Thought, first becomes concrete, by applymg itself to
those object-matters of the widest generality, Space, Time, and Number. For
Authmetic, Algebra, and Geometry, an exact and tolerably extensive terminclogy
exists m the mathematical books of the Hindds. In devismg additional terms,—as
1s necessary, for example, m the case of the Differential and Integral Calculus,—
regaid should be had to the analogy of the existing terms: none of which ought
to be rashly set aside and replaced by new names. New names will almost certuinly
prove 1nfertor to the established ones, and, further, they have a tendency to pre-
vent the native mathematician from seeing, so clearly as he otherwise might do, that
‘our higher mathematics are the legitimate development of his own science. The
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only kind of man, therefore, to be trusted with the formation of new mathematical
terms for the Hind{ vernaculars, 1s one who umtes to the most famhar conversancy
with Hindii mathematics, an accurate and extensive knewledge of the modern Eu-
ropean methods. Such a man we possess in the accomphshed Bipit Deva Sastr{, to
whose care and superintendence I could wish that the preparation of the whole of
our Hmdi vernacular course of mathematics were confided, and to whom, in the
matter of mathematical terminology, 1have not the presamption to fancy that I
could offer any needful suggestion.
The first subject,—in the order of simpheity,—to which
Formal Astronomy the Mathematics are apphcable, 1s Motion, and a science of
pure Motion 1s found m Formal Astronomy. Here agamn I
have notinng to suggest, but that this department also may be safely confided to the
superntendence of Bépa Deva,—whose published * Euchd,” « Armthmetic,” * Al-
gebra,” and ** Tngonometry,” are models of what educational works ought to be.
Foice, the cause of Motion, 18 the next clement the con-
Physues. ception of which introduces the matter of a new science,—
the so-called ““Physics” The modern appheation of this
term ought, consstently, to relegate Chemustry and Physiology to the region of Me-
taphysics or of Ethics But thereis no use, at this moment, n quarreling with
Enghsh terms. Let us endeavour that our Indian term shall not be open to the same
reproach, To ensure this, we must guard against being led away by the etymology
of the name, and we must take an unbiassed view of the nature of the thing. On
examining the sciences which are clubbed under the name of ¢ Physics” we find
that, while in common they treat of Force, they differ from the subsequent sciences
of Chemistry and Physiology, in this, that the forces considered in the sciences call-
ed physical, produce motion or rest, but no permanent and essential change of pro-
perty. The aggregate, therefore, constitutes the Science of the Causes and Condi-
tions of Motion and Rest,—gati-sthiti-kdrana-vidyd, or, in our local vernacular, gati
aur sthiti ke kdranon K vidyd Under this aggregative heading we find the Mecha-~
nics of the Sold, of the Flmd, of the Aeriform, and of the Imponderable. It might
seem st first sght as if our desygnation were mappropriate in the cases where, as in
Acoustics and Optics, we take cognizance of Sounds and Colours, which are not
modes of motion or rest, Strictly, the Sounds and the Colours are phenomens of
Physiology, and not of the physical science, to whose province belong only the mo-
tions on which the physiclogical phenomena depend; theie secms no use, however,
m our sttempting here to disjoin these physiological developments of the physical
sciences from the physical sciences to which they are related. Our general term,
then, being equivalent to ** Statics and Dynamics,” the four sub-divisions readily
accept the names of ghane-paddrtha-gati-sthiti-vidyd, the Statics and Dynamics of
Solids ; drava-paddrtha-gati-sthiti-vidyd, those of Fluids , vdyava-paddrtha-gati-sthiti-
vidya, those of Aws; and gurulwa-rahita-paddriha-gati-sikiti-vidyd, those of the
Imponderables. To a mere English eye, these names may
Names may seem long, appear tervibly long, but fo a Hindd, famubar with the
which wm actual effect sense of each several member in the compound, they are not
are mot so. long at all. And os they carry thew own meaning with them,
thewr employment puts an end to those prevalent confusions
of memory, under which a school-boy blurts out confidently, 1n reply to his exami.
ner, that the radiation of Heat belongs to the science of Stereostatics, or that the
pressure of liqmds 1s a phenomenon of Optics. Where the memory loses its hold
upon the sense of terms insoluble as are these Greek ones to the Hindd, it possesses
no resources in ifself for regainmg it. .
Of the lerms employed in the exposition of the Physical
Terms v Mechanics, ~ sciences, I shall here cite only two, m illustration of two
principles. The lever we name uttolana-danda, * the hifting-
The Lever, rod.”  Now, it may scem thatthe word *rod” implies a
solidity which does not belong to the ““lever” of rational
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mechanics —but the word “lever” originally meant a sohd Lfting-rod, and if the
English mathematician, after his training in ‘mechanics, has come to sassociate with
the name the notion of an absolutely rigid line devoid of weight, the notion 15 due to
that trammg, and not to any mherently suggestive power in the word, which 1t could
profitably carry with 1t 1f transfeired wto a Hind{ treatise. Whatever rationalization
of the originally solid *lever” can be effected by the explanations of the science,
can be effected precisely in hke manner with the uttolana-danda of our * Synopss.”
The other term on which I would offer a remark is ¢ Impe-
Impenetrabulaty. netrabiity ”  This term must have proved a source of much
musery to successive generations of lecturers on Physies, for
no sooner has the lecturer announced that Matter 1s “ impenetrable” than he must
breathlessly follow up the announcement with the explanatory assurance that he does
not af all mean what he seems to mean, for heis perfectly willing to admt that a deal
board 15 penetrable by a nail or by a pistol-bullet. To render the term *1mpenetra-
bility” by abledyaid, “mcapability of being cleft,”—as I have seen 1t rendered,—
is needlessly to multiply the termmological 1nconvenience just referred to  'What 1s
it} then, that physicists actually do mean, when they speak of Mafter as ¢ 1mpene-
trable ?’ It 1s not that it cannot be pierced,—not that it cannot be divided,—not
that 1t cannot be compressed mio smaller space ;—but what they mean to deny s,
that Matter can be so compressed as to occupy 7o space. It may be mdefimtely, but
1s not wnfinitely, compressible. This important philosophical conception,—much more
obscured than illustrated by the term ‘‘ Impenetrability,”—we convey, m our Synop-
s1s, by the self-explanatory term pa imdndtyantatydgdsambhave, * the incapability of
entirely resigning bulk.” It may be asked,—what Hindd will gan the conception
by ihe mere enunciation of this term ? I reply,—what human bemng, Hindd or Euro-
pean, will gain the conception by the enunciation of the word ¢ Impenctrability
Both {erms—like other techmical terms,~—require explanation at the outset, and the
Indian {erm has the ment of being to the purpose, which the English term has not.
It may be worth while to notice the fact that when such a term as  Impenetrability”
has been once explained by a wiiter, the conception 1s taken for granted throughout
the remander of his treatise, and the term 1tself scarcely ever recurs—if it recur
at sll. Scch bemg the case, the apparent cumbrousness of the term by which we
commumcate the conception mtelligibly at the outset, 1s of very little moment, But
our term i& not really cumbrous, ¢ Civil-disabiliies-removal-bill”” is a term not at
all cumbrous for an Englishman, though 1t would sorely tax the memory of the fo-
reigner who should be required to remember it as one arficulate sound simply denota~
tive of a document upon a particular shelf,
The next conception the introduction of which marks out

Chemstry. the object-matter of a new science, is that of essential

change of character, That the yellow substance Sulphur,
and the slvefy fluid Mercury, should combine to form the brilhant red Vermilion,
compels us to thnk of some other force than that which results merely m motion or
rest. This spedial force is termed ¢ Chemical.”” Chemistry being nothing else than
purified Alchemy, we reclaim to our own use the rasdyana of the Hindds; designmng
to show, under that familiar title, what the true science 1s. Ancillary to Chemistry
is the ~ stion of Watural History called Mmeralogy, khanija-paddrtha-vidyd, which.
we 'at as an anga, or * appendage,” of the science. .

Mr. Mack, m the preface to his treatise on Chemstry, publshed in Bengéli and
English at Serampore m 1834, tells us that he was advised to discard all European
terms mn us Benggli version, but that he could not persuade himself fo adopt the
advice. He retamed therefore many of the European names, and adapted Sanskrit
terminations to then. European names I entirely discard. As an educational ins-
trument,—and 1t 1s 1n this capacity that we at present seek to employ 1t,—the science
of Chemstry loses more than half its value when its compound terms do not tell their
own meaning ; and 1t 18 impossible that they should rightly tell their own meaning to
one who 18 not; familiar with {he language from which they are derived. To an Eng-
lishman, unacquainted with the classical languages, the study of a work on Chemustry
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is very far from being such a mental exercise 8s it is to a classical scholar. The long
compound names which exercise the reflection and excite the admiration or provoke
the criticism of the latter, more frequently torture the memory and bewilder the un-
derstanding of the former How entirely 1s the scientific beauty of the nomenclature
thrown away upon the man who must look out Hydrochlorate and Sesqmoxide i his
glossary m order to make sure which 1s which ! 1t1s all very well to teach long che-
mical names by rote to a youth who 15 to be employed as an apprentice 1n wiclding a
pestle. Him you perhaps do not seek to educate, you merely make a convenience of
him, and 1f he does not practically mistake Corrosive Sublimate for Coloquintida 1n
making up a prescription, why all is well. The case 15 otherwise where the aim 1s to
educate and to mstruct. Where Chemistry 1s to be efficiently employed for such a
purpose, the learner must be conversant with Latin and Greek, or else the language
of the science must be rendered into the language of the learner, as has teen m a
great measure done by the Germans for themselves.

The first question, m settling a chemical nomenclature, re-

Nomenclature of the gards the naming of the Simple Bodies. The commeon metals,
simple Bodaes. as well as sulphur and carbon, have names 1 most languages

which there 18 no occasion for changmmg Al the other Sim-
ple Bodies require to have names devised for them  First there are the four simple
gases, The name of Oxygen—*the generator of acidy—mght readily be rendered
by a corresponding Sanskrit compound , but this (as Mr. Mack has 1emarked) would
only tend to preserve the exploded theory that there 1s no generator of acids besides
Oxygen. Its old name of Vital Air connotes one of 1ts most important characters,
and therefore it has been here named prdnaprada, or prdnaprade-vdyu,—* the awr that
emphatically gives us breath.” Nilrogen (or Azote) we call jivdninka, ©that which
would put an end to hfe* Hydrogen 1s jalekarae, the water-former’, and Chlorime
harita, © the greenish-coloured.’

Of the nine simple non-metalhic bodies that are not gaseous, two, viz, Sulphur
( gandhoka) and Carbon ( angdre), have Sanskrit names. Boron, as it is the basis of
borax ( tanka), we therefore call tankakara, Silicon 1s the generator of flint,—agni.
prasthara-kara ; Selemum,—so named after the moon,—we have hikewise named after
the moon,—chdndra,—it bemg at present a matter of moonshine what so rare and
unimportant a substance be denominated Phosphorus 1s prakds’ada * the giver of
hight,’ Bromme 18 piita the fetid ; Todine 1s aruna,—the name, hike the Greek one,
referring to the violet colour of 1its vapour, and Fluorme 1s kdchaghna kara °the ge-
nerator of that (fluore acid) which corrodes glass’

Of those metals which have no names in Sanskrit, Platinum, the *hecaviest’ of
metalg, 15, with allusion to 1ts weightiness, named gurutoma; and Potassium, the
‘ ightest,” laghutema. Sodum 1s the basis of culimnary salt’'—Ilavana- kara. Zine,
the Urdd name of which 1s dastd, we have named dasta—with allusion to the wayin
which ifs oxide, the ©philosophical wool,” is ¢ tossed about’ in the awr,

Taking such, then, as the names that we have to deal with

Of Binary compounds. m formmg the names of Compounds,—we come first to bmary

compounds Compounds must have names suggestive of the
fact that they are acid or otherwise. The termination éc belongs to the Sanshnit as well
as to the Latin,—so'that Sulphur and Sulphunc Acid can be satisfactorily rendered gan-
dhaka and gdndhalukdmla. To the acids i ous another termwmation (ya) has been ap-
propriated. To the non-acid bimary compounds, without attempting at present to fix se-
parate termmstions for the severa] vaneties, the general termmation Jja—meanmg ¢ pro-
duced from’—has been assigned. Thus an Oxide 18 prdnaprada-ja ; a Chloride Aarita-
Ja, and so on. The Alkalis—potassa and soda~—take femmne names, accordmg to
the analogy of the Latin, from those of their metallic bases,—thus—Iag Autamd and
lnvana- kard,
Commg to the compounds of compounds,—as the acid
Compounds of com- affix ic changes to afe m the name of the resulting salt, the
pounds. Sanskrit ikais replaced by dyita Thus, as the Sulphure
Acd gives a Sulphate, the gdndhakikdmia gives a gandhakdyita.
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It should be unnecessary to remark, that the smtableness of these names is not Lo be
estunated on the principle which led the British sailor to set down the Spaniards as a
nation of fools because they call a hat a sombrero. To the British sailor the word
‘ bat’ sounds much more natural than sombrero, and for hke reasons *Sulphate of
Sod«’ may seem to sound much more nalural than lavana-kardyd gandhakdyitam But
as ‘hat’ 15 not good Spamsh, so ¢ Sulphate of Soda’ 18 not good Sansknt, and this
leads us to forestall another eriticism of hindred calibre. Is the sombrero-lihe expres-
sion, lavana-kardyd-gandhakdyitam, goad Sansknt ? The question 1s not to be resolved
by submitting the term to a Sansknt grammaran ignorant of modern science,—to
whom, without an attentive, ser10us, ingennous, and uncavilling study of the tract in
which 1t appears, the term has a 72942 to be as obscure as the term Bmoxalate of Po-
tassa to the grandfathers of Lindley Murray.
Having shown that the nomenclature of Chemstry can be
Obyections to thetrans- reproduced m an Indien language, and finding that my Pan-
lation of seientyfic term-  dits now take a lively interest  the science, which formerly
nology dissected. they regarded with ndifference,—lookmg, as they did, upon
our dksyen and hadrajen as things of no more concern to In-
dian Iife than tomahawks and wampum are to ours ,—I thuk 1t worth while to dis-
sect the following remarks which appear 1n a recent fasciculus of Selections fromn the
Records of Government N. W P. The remarhs are these.
Futile objections stated. * I cannot imagine any one proposing to translate all the no-
“ menclature and termunology of the arts and sciences; even
* were 1t casy of performance, 1t would mn many cases be useless 1 Chemistry, for in-
“tstance, 1t would establish the misnomer Ozxygen (I may add Hydrogen) and the
¢ indefinite names, Chlorme, Bromine, Ammonia, &c. ‘Were Hydiiodate of Potash
< translated into Arabic or Sanskrt, a Maulavee or Pundit would perceive that the
“name was composed of words meaning water, purple, a saucepan, and ashes, but
* he would never be able to select that substance from geveral placed before him, for
“1t is a dry white cubical crystallized sohd
Now 1t has becn already seen that I expressly reject the sense suggested by the term
« Oxygen,” and ground my denomination of the element on that chaiacterstic fea-
ture,—its being the * Vital Air,”—which no revolution m Chemical theory 1s hkely
to deprive it of. So much for the reverence shown in the Benares College for the
supposed obligation to perpetuate misnomers i translation.
Now look at the rest of the passage. The wniter says we
The logical * Fallacy Should also have to perpetuate indefimte names” such as
of Objections” ewemph- Chlorine. But do we escape the indefimteness by adopting
Sfied wn the passage under the indefinite name 1itself, and writing it Kidren gess ? 1f the
7€v1€W, indefiniteness 1s productive of no evil m Europe, where the
name remmds us atleast of the characterstic ‘¢ greenness”
of the gas, why should a hike indefiniteness in the Indian term be dreaded Aere ? To re-
ject a self-explanatory name, ( our Aarite vdyu,—green air,) whichis precisely as definite
or as defimite as the Enropean one, 1n favour of a name which here suggests nothing
at all, seems strange The besetting delusion 1n the passage under review1s what
may be found admirably desciibed 1n Whately’s Logic (p. 98 of our Reprmnt No. 6)
under the denomination of the * Fallacy of Objections.”” Suppose two ferry-boats.
The traveller objects to one of them that 1t 18 cumbrous ; and baving thus condemned
1t on the strength of the objection, he steps unhesitatingly (-—as the necessary al-
ternative—) mto the other, which, rotten and leaky, will sink under him before he
has got a third of the way across.
At the risk of bemng tedious—since the case of the Oxygen
Further, and perhaps suffices to dispose of the principle in question,—1I cannot re-
supererogatory, ezposure framn from remarking on the treatment of Hydriodate of Po-
of the Faillacy. tash in the passage under reniew. The writer alleges that
the term Hydriodate of Potash, if translated, mto Arabic or
Sansknit, would be seen by a Maulavi or a Pandit, **to be composed of words mean-
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«mg water, purple, a saucepan, and ashes; but he would never be able to select
« that substance from among several placed before lum, for 1t is a dry, white, cubical.
« crystallized sold.” The reasonmg here 1s unsatisfactory. The seuse of the Sans-
knt translation would never enable the Panditto recogmze ¢ a dry white cubieal
crystallized solid ,”’—but does the writer conceive that in the term Hydriodate of Po-
tash, formed of Greek and Enghsh, the sense of the same lngwmstic elements 1s of
itself qualified to suggest “ a dry white cubical crystallized sohd” ? He will reply, that
the name will suggest the thing, when the thing has been shown, and the apphcability
of the name has been explained :—but precisely so will 1t be n the case of the properly
constructed Sanskrit term ; so where 1s the relevancy of the objection? To have the
shadow of a leg to stand upon, 1t must borrow the principle of the British sailor al-
ready cited, who held that the word ““hat” was naturally ssgmficant, and that the
Spaniards were fools for calling it a Sombrero  * Why cant they call 1t a kat, when
they must know 1t s one” ?—and, analogously—¢ why cant they call it Hydrnodate
of Potash, when they must know 1t is Hydriodate of Potash” ?

Let me show how little, in the Benares College, we find

Practical refutation ourselves encumbered with the fanciedly mewitable ‘* sauce-
of the objection wn ques- pan” and ‘‘ ashes’, when reproducing the term Hyduodate
teon. of Potash in a form suited to furmsh matter for the judgment

and not merely for the memory ;—m a form, that s to eay,
educationally valuable and not educationally valucless. Knowimng that the more strict
designation is Jodide of Potassium (—just as Chloride of Sodium is scienfafically pre-
ferable to Muriate of Soda—), we look, 1n our list of clements, for Potassium,—and
we find 1t designated not with reference to the ¢ ashes’ of the  saucepan,” but with
reference to its bemg the « lightest” metal (laghutama). Iodine, agam, (aruna) s
named after the colour of its vapour, just as in the European nomenclature Our
term, therefore, is laghutamasydrungjam,~—or, vernacularized, laghutam ki arupqj,—
** the iodme-product of potassium.”” Now, to one who hag been mstructed regarding
the elements, and the principles of nomenclature in designating compounds, this 15
self-explanatory. If any doubt or dispute arise regarding its sense, a reference to the
account of the Elements determines the question , and, again, the etymological sense
of the names assigned to the Elements can, in case of doubt, be ascertained by con-
sulting & Pandit. There is no occasion for a 1eference to an educaied Englishman. By
such and stmilar means, and by such only, shall we ever succeed in naturalizing our
knowledge among the Hmd(s. The lazy barbarous plan of talking (—1io those who
are not mtended 1o learn Enghsh—) about Aldrin gess, and heidraryadet df patdss,
is, frankly, a wretched accomodation tothe mental mdolence of Englsh teachers
and of mcompetent translators.

Many of the namcs which I have proposed must necessarily, as I have already said,
appear very long onesto the mere Enghsh reader, to whom the elements of the
names convey no sense, just as tithes-commutation-amendment.bill"’ must appear a
very long name to a person ignorant of Enghsh. But if 1t would be cruelly unprofit.
able to attempt to mpose on the mere Enghsh reader the employment of a termmolo-
gy, tohim key-less and non-significant, so cumbrous as our Banskmi termmology
would necessanly prove to him, is 1t less cruelly unprofitable to attempt to 1mpose on
the teachers and pupils of the purely native schools, the employment of a termmolo-
gy to them key-less and non-sigmficant, and just as cumbrous ? If 1s not for English
teachers that the vernacular terminology 1s required, but for the hundreds of native
teachers whom I hope tosee trained; and for the tramers of those teachers in the
normal classes which I hope to see ere long rapidly fillmg up,

) We have seen 1t urged that the Arabic has not disdained

Greel, words in the t{o borrow from the Greek, True,—and its borrowings sre
Zimbw_ zﬂze Zevlerse of blots upon the language. What, for example, is gamed by

engficial to the latter.”  gtylmg an Introduction to Logic fsd ghoji,—because, for.
] sooth, the Greek term is eisagogé? Nothing but mystifica-
tion and pedantry is advanced by the sanctioning of cabalistical gibberish like _this, |
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Had the Arabs kept up a knowledge of the Greek language, as has been done in En.
rope, then the case would have stood very differently.
To make this pomt clear, I shall avail myself of some obser-
TWortlessness of Greek vations on language by the Rev. Chenevix Trench Quoting
contributions to Arabic ¢ g great writer not very long departed fromus”, Mr Trench
dllustrated. (at p 4 of s delightful Iittle volume *‘On the Study of
‘Words’’) says—* there are few modes of instruction more
< useful or more amusing than that of accustommg young people to seek for the ety-
*¢ mology or primery meamng of the words they use. There are cases m which more
¢ knowledge of more value may be conveyed by the history of a word than by the
¢ history of a campaign”, Let us test this principle by the case of a Greek word
borrowed by {he Enghsh and by the Arabic :—let us take the word philosophos. The
English teacher, lcarned m Greek, or having access to the learning of those who are,
can explan to his pupil how the * philosopher” was he who modestly disclaimed the
proud title of sophos or * wise,” and professed imself merely a * lover of wisdom.”
How much of this teaching can the modern Maulavi extract from the exanimate sound
Failsiff?  Ignorant of Greek, and without access to those o know 1t, the Arabs can
boast of a vory poor lingustie acqusition mdeed when they powmnt to the defunct fml-
siff of their lexicon.
Further,—Mr, Trench (at p. 182 of his “Enghsh—Past
The worse than uses ¢ and Present,”) says,~One of the most frequent causes of
lessness of Greek con- ¢ glieration mn the spelling of a word 1s a wrongly assumed
fribulions to Aralie b~ « demvation. It 1s then sought to bring the word nto har-
lustrated.  mony with, and to make 1t by its spelling suggest, this de-
¢ mivation, which has been erroncously thrust upen 1t ¥ He
continues (at p 188)—< It 1s foreign words, or words adopted from foreign lan.
¢ guages, as might, beforehand be expected, which are especially subjected to such
<« transformations as these. The soul which the word once had in its own language
« having departed from 1f, for as many as do not know that language,—or not bemng
¢ now any more to be recognised by those who employ the word, these are not sats-
¢ fied till they have put another soul mnto 1t, and thus 1t becomes alive to them agam.
¢ Thus——to take first one or two farmhiar instances, but which serve as well as any
«¢ other to lustrate my position——the Bellerophon becomes for our sailors the ¢ Billy
« Ruffian,” for what can they know of the Greek mythology, or of the slayer of the
« chimeera ?” Now, may we nol discern something of this process in the dsd ghojf
above referred to ? The word, when the Arabs left off studymng Greek, become exa-
mmate , and may we not trace a ** Billy-Ruffan”-like atteémptto reammate it by
splitting the eisagogé 1 two, and spelling the first half like a proper name? The
word fed means ** Jesus.” ¢ Jesus ghoji”” might perhaps (to the Arab analogues of the
satlors of {he * Billy Ruffian”) adumbrate some supposed author or patron of the
work,
If such and such-hke are the gamns which Arabic has made
The aryument found- DY borrowing from the Greek, does the example hold out en-
ed on the superficial and  couragement to the plan of delugmg the Indian vernaculars
Sfancied analogy, when with our Greek scientific lermmology; or does it not rather
looked ai more deeply hold oul a caution and a warmng? We may smile af the
and seriously, proves the  successful resurrection of * Bellerophon™ m the shape of
very reverse. “ Billy Ruffian,” and shrug our shoulders af the barely half
reanimation of the Greek eisagoge’ as fsd ghoji,—where the
ghojf means nothing and so remains dead ; but whet mgenwmty of Hindd thought is
to reanimate the Aaidraiyadet df patdss, sfter it shall have been reposited as a mum-
my 1 the catacombs of the sham-vernacular ?
. That a Graeco-latin terminclogy of science is cosmopoli-
The hinge of the cos- tan thronghout Europe, 1sthe natural and appropriste conse- -
mapolitan analogy. quence of the fact that every nation in Europe has retained
. its hold upon the Greek and upon the Latin, This is the
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one sole cardinal element 1n the analogy,—the hinge on which it hinges if 1t is to hinge
at all  Ths, the one solely and cardinally important element i the analogy, 1s non-
existent in the case of the Indian vernaculars, just as I have shownit to be abscnt
in the case of the Arabic. To the logical reader what need I say more ?
The difference between a scientific termumolcgy with the
Rootless branches do mesans of access to 1ts radicles,—and the same dissevered
not flourssh. from snch means of access, suggests the illustration of the
Electro-magnet m 1ts two widely different condstions A
mass of soft wron acts as a magnet,—a most potent magnet,—so long, but only so
long, as 1t 1emains 1 connection with the Galvamic Baltery. DBreak the conneetion,
and your magnet lapses mto an 1nert mass of soft won  The offhand plan of trans-
planting mto the vernacular a tetmmology dissevered from 1ts roots 1s but an 1mita-
tion of the child who with impatient eageiness cxtemporises a garden by stiching
the ground flowers pluched from his futher’s bushes. Such flonculture may look im-
posing at the moment, but only to cluldien
Some advocate of the easily constructed and useless sham.-
A futile challenge an~ vernacular—where ‘¢ transhteration” claims the honours of
tispated. ¢ translation,”—will probably exclaim, m ndignation at my
uncompiomising exposure of its rootlessness—** Well then,
¢ —you, who pretend that everything both can, and ouglht to, be honestly translated,
“ as you call 1t,—tell me—r1ght off—on the moment—and without a moment’s pause
¢« or reflection,~—how will you tfranslate this, and tlus, and tlhis, and that,—and ten
* hundred thousand other things #’ I reply, that my recorded and standing protest
agamst the indolent impatience which I so much deprecate, suggests, of itsclf, the
reason for my answerng no one of these questions until I shall have given it such
patient, careful, and studious consideration as may perhaps cnable me to answer 1t
worthily.
‘We have seen that the writer on whom I have been anim.
Imagmation no legats-  adverting says “ I cannot imagine any one proposing to
mate subshitute for can- < trapglate all the nomenclature and terminology of the arts
dud evamnation. “ and sciences.” Dut why, in this way, trust everythmg to
imagination ® If the man who proposes to undertahe the
tash, brings forward a fair sample of that task already executed, then a candid exami-
nation of the work done might peradventure help the lagging ¢ imagimnation.” If,
on the other hand, 1t can be shown that the work 18 not worthily executed,—that
may furnish reason for frowning on the undertaling,—but not so the objector’s lack
of imagmation. This is just another and a very noticerble phasis of that indolent
impatience which Lord Bacon has hmned with such keen master-strokes at the open-
ing of the 88th aphoniam of the Novum Organum  “ At longe majora a pusiliam-
*¢ mitute, et pensorum, quae humana 1ndustria sibi proposmit, parvitate et tenuitate,
‘ detrimenta 1n scientias mvects sunt, Et tamen (quod pessmum est) pusilunimi-
“ tas ista non sine arrogantia et fastidio se offert.”” Which we may English thus ,—
* But far greater detriments have been brought upon the sciences through pusillant.
“ mity, and the httlencss and slenderness of the tasks which human industry hag
¢ proposed to itself. And yef (—what 1s the worst of it—) tlus same [:sta) pusil-
** lanumity presents tself not without arrogence and disdam.”’
Our objector urges as an objection to undertaking the task
Dyfficulty no reason of tranclating the language of Europesn science mto the In-
Jor shirking a secred Qan dislects that 1t 1s not an * easy’” one But 1t 1s not n the
duty. hope of finding 1t an easy task, that any man, competent to
judge of the case at all, 1s Iikely to devote himself 1o the so-
lution of such a problem,—or to meddle with the solution at all From thus
loixg controverstal digression, let us revert to the handmaid of Chemistry, viz., Mine«
ralogy.
For the exposition of Mmeralogy, we find a good nume
Janeralogy. ber of terms ready to our hand, but there are many more
which we must ourselves devise, Where twa different mine-
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rals, e g., Tic and Mica, are confounded under one name, abkraka, we distingmsh
them by speaifying their most characteristic or most obvious difference  Seemg that
Mica 1s elastic, and Tale not,—we designate them as sthutisthdpaka-visishia and sthi-
tisthdpaka-rahita «everally Where the European name alludes to the structure,—
as 1n the case of Gramitc,—we preserve the allusion, as m our term Zarochchaya-pras-
tara ** the rock which 1s an agglomeration of gramng” Of course the explanatory
“ prastara” can be dropped when the pupilis familiar with the term,—just as the word
“yock” m « trap-rock,” 1s habitaally dropped in English, Names that convey no
sense,—names smply denotative,—as “ Basalt” we render by some obvious charac-
ter of the thing denoted ¢ Basali”” we render kiishpa-prastara < blach 1ock.” It
may be objected that many rocks (—Obsidian m paificular—) are black, no less than
Basolt 1s T reply, that European mineralogists and geologists name a certan rock
Greenstone,” (—harita-prastara,) without regard to the facl that many other stones
are green. Greenstone 1s the most 1mportant of the rocks that are green, and Basalt
of those that are black. 'We cannot reasonably here be required to attamn a precision
of nomenclature which has not been attamed mn Enrope, and which, on principles of
philosophical necessity, 13 not attminable at all  In conclusion, as regards naming the
Minerals,—where there 13 no native name, and nothing suggestive m the European
name, and no very marked characteristic property,—as 1s the case with “ Gypsum,”
—we may designate the mimeral by refurence toits chemical composition, Thus
¢ Gypsum” 1s chilrna-gandhakdytdtmeka-prastara, © the rock which consists of Sul-
phate of Lime ™
The additional conception of Life gives occasion for the
Tegetable Physiology, mext n the order of the sciences,—viz, Vegetable Physio-
and Botany. logy,—with its ancillary section of Natural Hitory, named
Botany Here we find some terms ready to our hand For
example, cryptogamic plants are classed wnder the head of waraspati, while the phane-
rogamic are termed vinaspatr  The Hindds, however, have fallen into such errors as
that of ranging the fig among the cryptogamic  The *“ stamens” and « pistils,”—not
discrimmated from cach other apparently by Hindu physiologists, —we distinguish in-
to paurusha-kesara, ¢ the male filaments,” and stramna-kesara, ¢ the female fila-
ments ”’
The next of the sciences is marhed off by the mtroduction
Ammal Physolegy end  of the additional conception of Sensation Here we have A-
Zoology. nimal Physiology,—with its aneillary section of Natural His-
tory, termed Zoology. For the more obvious parts of the
body we find names ready to our hand  For the more mmnute parts, names will have
to be adapted. Where the Hindds, for example, have not discriminated the nerves
from the veins, we musl designate the former by some such term as mastishka-tontu,
« thread of cercbral matter”” ¢ Chyme” and Chyle” are not dizerinnated by the
Hindds. They can be easily distnguished 1n our termimology by prefixing to the esta-
bhished name for both,-—viz , dhdtups,—the specification of its bemg ¢ the prior,”” or
“ the latter,” —puirva or utiara.
In dwiding the Animal Kingdom mto its four provinces,
Zoological dwisions.  we call the « Vertebrata” prishthavansa-visishta, those  dis.
tingwished by a backbone” ,—the ¢ Mollusca™ komalas’arira-
visishta, * distinguished by a soft body, the ‘* Articulata” kdnda-vis'ishta, * disti-
guished by their sections ,” and the Radiata” samdndvayavdvrita-ndbhe-visishta, **dis-
tinguished by a centre with sunilar members disposed around 1t *’
All those sciences which we have thus hastily run through,
Geology. are put n requsition by Geology. As for the terms to be
employed n the exposhon of Geology, the Mineralogical
ones have been already discussed  Of things Orgame, belonging specially to Geolo-
gy, 1 shall cite only two examples,—each to illustrate a principle.  The ¢ Mammoth’
—whose name is to us simply denofative, or non-sigmificant,—TI speak of as the prd-
ehtnakdlka hastin, ¢ the elephant of the old world,” Thbe ¢ Ichthyosaurus,” on the
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whose name is connotative, I render 1n accordance with the connotation,
Oﬂaea;,&:i’in&te the matsya-makara,—the ** fish-lizard.”
an Furmished with the knowledge suppheﬁl by theksclex;lces
apky. which we have reviewed, the enquirer will next ask—what,
Physioal Geogrepy in consequence of all these entities and agencies, is ;’he ac-
the globe on which we dwell? He desires mstruction in Physical
21:.‘1) a:gf\;fi OfWhengwe have once thoroughly secured right terms in all the sciences
whif}i we have been considering, the question of termmology for the exposition of
Physical Geography presents few difficulties. 'While we endeavour to give an accurate
ex}:eral conception of the contour of the land and water of the globe, we must take
%are to proportion the minuteness of detail to the storical importance of the several
regions. We must not waste upon Tierra del Fuego or Nootka Sound the fulness of
delail which may be due to the plateau of Central Asia, or the valleys of the Eu-
phrates and the Nile. Physical Geography 1s the legitimate mtroduction to Civil
History, and our teaching of 1t ought to be regulated by the consideration of what we
intend to teach of Civil History.
Simce, in the department of Civil History, I have nothing
Civil Hstory. which I wish at this moment to suggest in the matter of ter-
; minology, I shall here content myself with remarking that
our first exposition ought to be mgidly bare of ornament and flourish. The histor:.
cal series should be so constructed that no allusion shall anywhere occur which the
perusal of what went before does not qualify the attentive reader to understand. This
obvious precaution has hitherto been much neglected.
From History we advance to one of the considerations
Poltical Ecomomy.  which the perusal of History should naturally suggest to the
thoughtful reader. Certain courses of conduct appear to
have enriched a nation,—other courses to have kept a nation poor, ot to have reduced
1t to poverty. What are those courses severally ! Adam Smith’s reply to the ques-
tion was given under a title which I should have no objection to adopt,—giving the
science the name of des’a-dhana-vriddhibrdsa-kdrana-vidyd,—i. e, * the Science of
the causes of the increase and the decrease of the Wealth of Nations”. Whether a
name moulded on this view of the question be adopted, or a name moulded on Whate-
ly’s stricter view of the science as * The Theory of Exchanges’—dduna-pratiddna-
vidyd,—let us at all events sink the hideous pdlitikal ikdnams, with which the hybnd
treatises have hitherto puzzled India.
Following the 'thread of connection among the sciences,
Ethics. we find that a fresh consideration mevitably meets us. The
wealth of a nation, as of an mdividual, may be meressed by
practices against which Political Economy offers no remonstrance, but yet agamst
‘which there 1s sometfung 1 the human soul that revolts.
For example, the wonderful and beneficial results of the Division of Labour are
among the most atiractive of the subjects offered to our contemplation at our en-
trance upon the study of Political Economy ;—but when we find this division and
subdwision carried out to such an extent that a human bemg becomes a mere machme
for the sole and hife-long performance of some such labour as the pomting of  pm, a
mournful feeling comes over us; and we cannot help asking “ ought this to be exactly
as it 18” ? The word ‘‘ ought” embodies a new conception,~the cssential conception
on which 1s based the science of Ethics.
8till another consideration arises out of the moral one last
Natural Theology. adverted to. Why do we feel this obligation m regard to
right and wrong * Be the answer what it may, all experience
shows that the human ml.nd turns mstinctively towards a Ruler, to whom we feel
ourselves under the obhgation that we do always what 1s right and abstam from what
is wrong. Agam the consideration of the external world points to the fact of there
bemng One Almighty Governor. But the question is not to be taken for granted,
The decision, to a thoughtful mmd, would be much more satisfactory if supported by
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evidence. The evidence lies abundantly around us,— the enidence of the bemg of a
God,—the enidence of Natwral 1heology

Natural Theology closes the series of our secular teachmng.

Revelation. The conclusion reached by Natural Theology compels the

thinking mind to ask the question, * Has the God of Nature

anywhere revealed Himself to man?” The answer to this question we offer to the

Hindd m our Scriptures, But his compatriots, he replies, have scriptures of ther

own. True, we rejoin,—but scriptures resting their claims only on the futile ground

of self-assertion. Of our own, we tender mm the Ewvidences, Historical, and Inter~
nal; and here our prefatory remarks must close.






A
'SYNOPSIS OF SCIENCHE.

INTRODUCTION.

(1). Guory be to the Lord the Most High, who creates, by His will
merely, the world, filled with innumerable things, having countless qualities
hard to be ascertained. Through His favour alone, having long pondered
the import of the Aphorisms, (siira), of Gautama, I compose a treatise on a
new plan, for the general benefit. The subject here investigated is, the extent
to which the sentiments of the modern English coincide with, or differ from,
those of Gautama. May this work of mine, the result of not a little la-
bour, treating of many matters in few words and yet plunly, prove aceept-
able to the 1ntelligent.

(2). Itisagreed alike by the learned of India and by the learned of
other countries that the Chief End of Man, (par ama purushdrtha), 1s not to be
attained without a knowledge of thetruth iu regard to our souls and other
things which1t is desirable should be nghtly known. Therefore those who de-
sire to attain the Chief End of Man ought certainly to strive to obtain aknow-
ledge of the truth 1n regard to the soul, and 1n regard to things other than
the soul. Further, since some knowledge of the trath integard to such mat-
ters has been attained, we ought to endeavour to communicate 1t. There-
fore, commencing the discussion of those thiugs, we cnounce the object-
matiers, (vishaya), of discussion as follows,

BOOK I.

SecrioNn I.—Tae Purrose oF Tk Prorosep Enquiry.
Aphorism 1.

We investigate the truth regarding (1) our instruments [ in the acquisi-
tion] of knowledge, (pramdus), (2) the objects, (prameya), [to which these are
apphicable], (8) [the state antecedent to knowledge, viz.,] doubt, (sdhisaya),
(4) the motives, (prayojana), [for passing from the state of doubt to,that of
knowledge], (5) data [to start with, whether] popular, (drishidnia), or (6)
scientific, (siddhdnta), (7) the procedure, (avayava), [in explicating from
data what 1s impled in them], (8) [the method of] confuting, (farkae), [un-
warranted objection, so asto arrive at] (9) certainty, (vernaya), (10) [the na-
ture of fair] debate, (vdda), (11) wranghng, (jalpa), (12) cavilhng, (vitandd),

B



(13) fallacies, (hetwdbhdsa), (14) [disingenuons] artifices, (chhala), (15) fu-
t1le oppositions, (jdte), and (16) occasion for rebuke, (mgrakasthdna), —since
this 1s condacive to [the attainment of] the Chiet End of Man.

(I). ¢ Since this’;—1 e., since a hnowledge of the truth.

(®). And since the attainment of every result 1s dependent on énstru-
ments, (karana,) 1nstruments are necessary m the attainment of a knowledge
of truth also ;—so the ‘“wstraments for acquiring knowledge,” (pramdna), are
here set forth first {in the list].

(3). Now there s an aphorism to set forth the order in which the know-
ledge of truth 1s conducive to [ the attainment of ] the Chief End of Man.

Aphorism IT.

Pain, (dukkha), Evil Action, (kupravritli), Improper Emotions, &e., (anuchi-
ta-1dgddi), and False Notions, (methyd/ndna),—without the successive removal
of these [—beginning with the last—], there 1s not the removal of the succes-
sively preceding ones which arise from these; and not without this [succes-
sive removal of the whole], 18 there the Chief End of Man.

(I). Gantama’s second aphorism is, as follows ; —¢ Pain, (duliktha,) Mortal
Lafe, Ganma), Activity, (pravyuts), Fault, (dosha), False Notion, (mthydindna) ,
—since on the successive departure of these in turn, there s the departure
of the one next before, there 1s—fiom the departwie of the last of them
—DBeatitude,” (apavarga.) Gautama’s doctrine here is, that, on the departure
of False Notion, the thiee Faults, (dosha,) [—as he designates them—] of
Desire, (rdga), Aversion, (dwesha), and Delusion, (moha), depart. 1lence Act-
10m, (pravrittr), ceases totake place. Consequently Birth, (janma), does not
recur. And thus there 158 no Pain,—and the absolute cessation of Pan 1s the
Chief End of Man. But our opinion 1s, that improper Desire, &c , 18 not the
result solely of False Notion, for, even where theie exists true knowledge,
e. g., in regard to morahty, (dharma),—as thus * This property of another’s
ought not to be talen by me, and 1n taking 1t I shall be blameable,” —men
still desire to appropriate what belongs to others. Hence 1t 1s not a matter
of course that Improper Desire should depart on the departure of False No-
tion ; but whatever Improper Desire 1s the result of False Notion, will not
depart without the departure of the False Notion; and without that there is
not the Chief End of Man.

(2), Here ends the section on the purpose of the proposed enquury.

(83). Now since a defimtion, (lakshana), will he looked for, [of each of the
things enunciated in the 1st Aphorism,] 1 the order of enunciation, we de-
fine and divide that first enounced, viz., 1nstrument of hnowledge, (pramdna).

SzerioN IL—Tur INSTRUMENTS AVAILABLE IN PROSECUTING THE ENQUIRY.
»
Aphorism IIT

By Instruments of knowledgze we mean instruments of correct knowledge;
and these are of two kinds, (1) the Senses, (prafyaksha), and (2) the Know.
ledge of Signs, (anumdna).

(1). Gautama’s tlird aphorism is as follows ;—“The Senses, (pratyaksha),
the Kuowledge of Sigus, (anumdna), Knowledge of a Likeness, (upamdna), and
Testimony, (§abda), are the Instruments of knowledge.” Here Gautama
holds that the Knowledge of a Likeness, and Testimony, also are instruments



of knowledge independently, like [or coordinate with] Sense and the Know-
lodge of a 8ign. But our opimou s, that, nothing else than an inference,
(anwinati), as to the relation between a thing named and the name, is produ-
ced by what 1s [by Gautama] 1magined [to be a third coordinate variety of
evidence] under the name of “Knowledge of a Likeness” ;—e. g., the kuow-
ledge of the Iikeness of a Bos Gavaeas to a cow, ensuent on the understand-
ing of the meanng of the assertion that “ What 1s meant by the term Bos
Gavaeus is a thing hike a cow ,”—and Testimony, 1 the shape, e. g., of the
assertion that ¢ Devadatta 1s going to the village,” simply causes us to nfer
[—not otherwise than 1n ordinary cases of inference—] the speaker’s opinion
with retercnce to the going towards the village by Devadatta :—so that these
two ate not independent instruments of knowledge ;—hence we said [in our
aphorism] “ and these are of o kinds

(2). Now we proceed to characterise these two instruments of know-
ledge m their order ; and first we characterise the Senses, ( pratyaksha).

Aphorism IV.

By a Sense is meant a power, (§aki), resident in this or that part of the
body, (sarfra), in virtue of which, on there being a suitable colloeation of
the bodily part and its appropriate object, (arféa), direct knowledge of the
object tales place. -

(1) The defimtion of Sense, according to Gautama’s doctrine, is this,
that, “ Sense, (pratyaksha), 18 the mstiument of the knowledge which anses
on the conjunction of a Seuse, (mdri_z/a), with 1ts object ,” but this we reject,
beeanse of 1ts mmvolving a vicious cucle; that1s to say, because, inasmuch
as the word pratyaksha and the word zadrzya are [n Gautama’s aphonsm)
synonymous, this 1s as inadmissible as the defining a hatchet by saymg “ A
hatchet 1s the instrument in the cutting which results from a hatchet.”
So, althongh the word prafyaksha has the three meamings of (1) the object
[ot sense], (vshaya), (2) the knowledge, {jndna), and (3) the organ which
is the “1strument of the knowledge, (jndna-karanam-indriya),—yet here
the word prafyaksha 1s employed solely as meaning the Senses, (indriya),
—the special powers, (fakts visesha),—siuce thus no room 1s left for mis.
take or douht fquuded ou the intrusion of other meanings.

(2). Next we characterise., and divade, the Knovwledge of a Sign, (anu-
mdna).

Aplorism V.

Now, preceded thereby, the Knowledge of a Sign is of three Linds, (1)
that wlich mvolves the piior, ( pérvavat), (2) that which 1nvolves the poste-
rior, ( §eshavat), and (3) the perception of homogeneousuess, ( sdmdnyato-
drishta). o

(1). ‘Preceded thereby, i. e., preceded by sense. The meaning 13,
that, the Knowledge of a Sign 18 of three kiunds,—its threefold character
being stated as follows, ‘that which involves the prior,” &c. That [Know-
ledge of a Sign] is sad to involve ‘the prior,’ where an effect, ( kdrya), 18 m-
ferred from a canse, (kdrana) ; as when, from the nsing of clouds 1t 1s infer-
red that there will be rmn.  Agnin, where from an effect the cause 1s nfer-
red, that is said to “involve the posterior ;’ as when, on seeing the water
of a river changed in colour from what 1t was before, and the fulness and
rapidity of the current, 1tis inferred that there has been rain. Where,
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from seeing somewhere a blossoming mango-tree, it is ‘inferred that the
mango-trees in other places also are blossoming, that [Knowledge of a Sign]
consists 1n the perception of homogeneousness.”

(). Now, although Testimony, (éabdz), and the Knowledge of a Lake-
ness, (upamdna), are not independently causes of right knowledge [Aph,
III, § 1], yet as we allow that, as forms of nference, they can communicate
nght knowledge, and, since we accept Gautama’s defimtion and division of
them, mtending, for the mformation of the learner, to set forth the Kuow-
ledge of a Likeness, and Testimony, we define first the Knowledge of a
Lakeness.

Aphorism VI.

The Knowledge of a Likeness is the instrument.in-the-ascertaining,
(sddhana), of that-which-was-to-be-ascertained, (sddhya), through a like-
ness to something well-known,

(1). Thatis to say,—a Knowledge of a Likeness is that whercby there
is * ascertamnment,’ or establishment, {siddhi), of that which was to be
established, ‘through a ILiakeness,’—i. e, through the knowledge of a
similanty, to ‘something well-known,’ 1. e., to something known before;
—as 1n the case of “ This 1s hike a cow”—[Aph. III, § 1].

(R). We define Testimony.

Aphorism VII.

Testimony, ( §abda) [—such as constitutes reo! evidence—1] is the decla-
ration, ( wpadesa), of one worthy [to be believed], ( dpta).
(1). Thisis plain. We dinde 1t.

Aphorism VIII.

It is of two kinds, in respect that it may be ‘that whereof the matter
is seen,’ (drishidrtha), or ‘that whereof the matter 1s unseen,’ (adpishidrtha).

(1), That 1s to say,—*1t,” 1. e., Testimony, 1s of two sorts. That whereof
the matter is here [on earth] visible, 1s ‘that whereof the matter 1s seen;’
as, e. g., when the Ganges 1s spoken of. And that of which the matter 1s
vistble 1n another world, is ‘that whereof the matter is unseen ;' as, e. g.,
when Paradise is spohen of.

(2). Here ends the section on the instruments of knowledge.

Secrion IIL.—TaE 0BsECTS ABOUT wHICH THE ENQUIRY I8 CONCERNED.

(8). Now, since it will be enquired, what 1s to be known by means of
these two linds of Instruments of knowledge, commencing a section on
the objects of right knowledge, (prameya), we give the division of these.

Aphorism IX.,

Soul, (dtmd), body, (éarira), sense, (indriya), sense-object, ( artha),
understanding, ( buddhi), the mind, (manas), evil deeds, (kupravritti), ewil
passions, (anuchita-rdga), mundane life, (sdisdrika-jivana), retribution, (pha-
{a), pawn, (duhkha), and the Chief End of Man, (parama-purushdrtha),—such
are twelve objects concerming which it 15 desirable that we should have right
notions,
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(1). This is plain. Among these we define Soul, the one first enounced.
Aphorism X,

Desire, (ichchhd), aversion, (dwesha), volition. (prayaina), pleasure, (sukha),
a;tin, (duhkha), and knowledge, (jndna), are the sign, (lmnga), of the Soul,

imdy.

(1). ‘Sign,’ i. e., that whereby [any thing, of which it is characteristic,]
is recogmsed.

(). We define Body, which presents 1tself next in order.

Aphorism XI.

The Body, ($arira), isthe site, (déraya), of gesture, (cheshid), of the
senses, (wndriya), and ot the feelings, (artha).

(1). ‘Gestwe’ 13 that species of action which originates in volition [or
voluntary effort] ; the * Senses’ are the Sight, (chakshus), &c.; the ‘Feel-
ings’ are pleasure and pain. The meaning 1s this, that the hody 15 the
site of [all] these:—here each severally, vis, the being the site of ges-
tute, &c., 1s a characteristic [—i1. e., something sufficient to ascertain—
body].

(2):! ‘We divide and define ‘Sense,’ which comes next 1n order.

Aphorism XII.

The Senses, the Smell, (ghrdne), Taste, (rasana), Sight, (chakshus),
Touch, ({wach), and Hearing, ($§rotra), are what apprehend the qualities,
(guna), of the Elements, (6Aita), and of the things formed of these.

(1). Of these, the Smell 15 the apprehender of Odour, ( gandha), the
Taste of Savour, (rasa), the Sight of Colour, ( ripa), the Touch of Tangibi.
lity, (spursa), the Hearing of Souund, ( sabda) ; theiefore the Senses are
~defined as the apprehenders, (grdhaka), of the several qualities:-—such is
the 1mport

(2). With reference to the question, which are the Elements?—we
remark,

Aphorism XIII.

The Elements are about sixty in number.

(1), Gautama’s aphorism, in this place, is, that, “Barth, (prithirf),
Water, (dpas), Fire, (iejas), Air, (vdyu), and Ether, (dkdéa), are the Ele-
ments ,”’—but we do not adnit the elementary character of these, Eaith,
&c. 3 because elementariness means the being an uncompounded, (@misriia),
substance,—that is, the being a substance nof resulting from the conjunc«
tion of several mutually heterogeneous parts; and this 1s not the case with
Earth, Water, Air, &c., for it has beeun established by various cogent ex-
perimental proofs that of [each and all of] these the constituent portions
are mutually heterogeneous. But of those which will be mentioned, viz.,
Oxygen, (prdnaprada), &c., the elementary character is probable, because

“hitherto it has not been established by any experiment that their constituent
parts are mutually heterogeneous. But the explanation of this matter is to
be looked for in the section on Chemistry, (rasdyana).

(2). We divide and define Object [of Sense], which next presents
itself,
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Aphorism XIV.

Their Objects, (artha), are the qualities, (guna), of the Elements, (bhiila),
and of things formed of these,—wviz., Odour, (gandha), Savour, (rasa), Co-
lour, (riépa), Tangibility, ( sparéa), and Sound, ( $abda).

(1). “Thewr Objects’, i.e., the Objects of those—she Senses ;—meaning
thewr [appropriate] piovinces, (rishaya).

(2). We define Understanding.

Aphorism XV,

Understanding, ( buddhi), Apprehension, (upalabdhi), Knowledge, (jndna),
~—these are not different 1n meaning.

(1). ¢ Not different in meamng,’ i. e., synonymous, (samdndrthaka),

(2). We characterise Mind, ( manas).

Aphorism XVI.

The characteristic of the Mind is this, that there do not arise cognitions,
(Jndna), simultaneously.

(1). ¢ Simultaneously,’ i.e, at one and the same time. You must supply
“in one and the same soul.” The meamng 18, thet, the ¢ charactenstic’ of,
i. e, that wheieby we 1ecognise, the Mmd, 1s the habit in virtne of which
cognitions [more than one at once] do not arise.

(2). Gautama’s opmion 1s, that what he calls the Mind, ( manas), is an
active internal organ, (ndriye), of the size of an atom, (paramdnu),
and this, being conjomned with the soul, with whichsoever of the Senses it
assoctates itself at any tine, knowledge arises at that time through that
Sense; and since 1t cannot be simultaneously in conjunction with moie than
one Sense, because of 1ts being an atom, cogmtions do not take place simul-
taneously. But our opimon 1s, that there belongs to the huwan Soul a
cettain natural sncapacity, (asakit), to grasp cognitions sumultaneously,—
and a soul thus distinguished 1s spoken of as a Mind.

(8). Now we have to statc the defimtion of ¢ Improper Activity,” ( /u-
provrith), which was enounced [in Aph. L], and this will be understood
clearly 1f we define Actinity [simply]; so we define and duide Activity.

Aphorism XVII,

Activity, (pravrith), is an attempt, (drambha), of the Understanding,
( #uddhi), or of the Body, (éarira). °

(1). Gautama’s aphonsm 1s, that, “Actinity is an attempt of the Un-
derstanding, the Vocal organ, (wvdk). and the Body.” We have put in our
aphorism that ¢ Activity 1san attempt of the Understanding or of the Body,”
intending thereby that *“an attempt of the Vocal organ” ought not to be
separately specified, since this 1s included under * an attempt of the Body.”
Further, as Activity is of two kinds inasmuch as it is Actinty of the Un-
derstanding and Activity of the Body,—so also it is of two kinds throueh
the division into proper, (uchita), and improper, (anuchita). °

(2). Now, if we define * Desire, &c., (rdgddi), the definition of ¢ Impro-

per Desire, &c.,’ [ enunciated in Aph. 1] will be clear; therefore we define
¢ Desire, &c.’ .
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Aphorism XVIII.

Desire, &c, (rdgddi), have, as their character, that they actuate.

(1). ¢Actuating,” (pravarfand), means being the cau<e of Activity. That
of which such 15 the charactenstic, 1s ‘ Desire, &c.” By the “&e.,” (dds),
Aversion, (dwesha), 1s mcluded.

(2). We define Mundane Lufe,

Aphorism XIX.

The conjunction of the soul with such bodies as we have here, constitutes
Mundane Iafe, (§ditsdrika jivana).

(1), Thisis plam. We define Fruit [of Activity].
Aphorism XX.

Feelings, (artha), [—pleasurable or painful—] resulting from Aectivity,
{pravrit), are the Frmt, (phale).
(1). We define Puin,

Aphorism XXI.

Pain, (dulkha), is that whose characteristic 18 distress, (bddhand).

(1). ¢ Distress,” 1. e, annoyance, (pird):—the meaning 1s thuat that is
such, the characteristic whereof 1s this

(2). Now we set forth the Chief End of Man, with 1ts cause.

Aphorism XXII,

The Chief End of Man is what is to be attained through the grace, (pra-
sdda), of God.

(1). Gautama’s aphorism here is, that, “ Dismissal absolutely of that is
Beatitude.” The “that” refers to Pamn, which had been mentioned just
before. * Absolutely” means so that Pain may not again take place, ‘Dis.
missal’ means destruction:—and so the opinion of Gautama is, that, the
Chief End of Man,~—an annimlation of Pain such as must preclude the
subsequent emergence of Pain,—is to be attained thiough a kuowledge of
the nature of things. But our opinion 1s, that, not merely such an aum-
lulation of Pain is the Chief End of Man ; because this has no attractive-
ness 1n itself, for it 1s an empty thing, 1nasmuch as 1t consists of a nega-
tion; but, in the Chief End of Man, something besides the anmhilation of
Pain 1s to be desired. Be that [ something] what it may, 1t is, at all events,
to be attained only through the grace ot the Ommscient Maker of the
world, the most mereiful Lord God, by those who worship Him,

(2). Here ends the Section on the Objects [ concerning which it is de-
sirable that we should entertain right notions].

Secrion 1V.—CoMPLETING THE TOPIC OF THE PRE-REQUISITES OF
RessoNING.

(8). Now [ the existence, &ec., of] Soul, &e., the Objects [ concerning
which it is demrable that we should entertain rnght notions,] cannot be ad-
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mitted merely on the strength of enunciation, (uddese), and definition, (lu-
shana) ; therefore the demonstration of them 1s to be set forth. And this
dewonstration is in the shape of the employment of argumentation , and the
mitial element 1n argumentation is doubt ;—therefore we define Doubt,
which thus presents 1itself next in order.

Aphorism XXIII.

Doubt, (sansaya), is [what results] from the perception of a sameness,
[conjointly with] the non-perception of a difference, (viéesha), and the re-
membrance of a difference.

(1). That is to say,—Doubt arises ‘from the perception of a sameness,’
—1. e., from the apprehending of some concrete object which possesses
characters common [to 1t with other objects]; and *from the non-perception
of a difference’1. e, from the not discerning any character such as distin-
guishes [the object from all other objects] ;—and ‘from the remembrance
of a difference,’—i. e., from the taking into consideration some special
character—such as the fact of being a post or the fact of being & man—
[the remembrance of which alternatives keeps up the doubt so long as there
18 nothing to enable us to decide, 1n the dusk for instance, whether the
object which appears to be of the height of a man 1s a man or a post].

(2). Now, since one makes no effort for the removal of doubt in the
absence of a motive, we have next to define a Motive,

Aphorism XXIV,

“With an eye to what thing one energizes, that is a Motive, (praygjana).
(1). “Wath an eye to what’—i. e., having regard to. So the meaning 1s
this, that a motive 1s an object of desire, which [—whether the desire be
to obtain 1t or to escape 1t—] 1s the cause of our acting.
(2). Now, since without instances, popular or scientific, nothing can be
accounted for,—we define a popular instance, which presents itself next
in order.

Aphorism XXV.

In regard to [some fact respecting] what thing both ordinary men, (louki-
ka), and acute wavestigators, (parikshaka), entertain a sameness of opinion,
that [thing] is called a [famihar case of the fact 1n question, or a] popular
instance, (dpishidnta).

(1). Here, by ‘ordinary men’ we mean those who stand in need of
instraction, and by ¢acute 1nvestigators’ those competent to instruct.
‘Whatever thing they entertain a ¢ sameness of opinion’—i. e., no difference
of opmion-—regarding,—that thing may serve as a popular nstance, [in
regard to sowe particular question that may be under discussion]. So,
what we intend to be understood by a ¢ popular instance’ is anything which
18 a matter of certainty alike to proponent, (vddi), and opponent, (prativids),
—such is the import. As, for example, in proving that there is fire [ such
and such a place, ] the culinary hearth, (mahdnasa), [will be accepted by every
one in India as a familiar case of a locality where there is always fire]; and
in proving that there is not fire [in such and such a place], a deep lake, (ma-

héhrada), [will be admitted to be a famihiar case of a locality where fire is
not to be met with].
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(2). Here cloes the topic of the pre-requisites of reasoning [—for,
although scientific data—see Aph. XXIV, § 2.—are avulable, n the schools,
as premises, yet these were first established by a process of argumentation].

Secrion V ~—OF PROPOSITIONS, NOT FAMILIAR, THAT MAY BE EMPLOYED
IN REASONING WITHOUT REQUIRING TO BE EACH TIME DEMONSTRATED.

(3). 'We define a scient:fic ‘tenet,” which comes next in order.
Aphorism XXVI.

A ¢ tenet’ (siddhdnta,) is that, the steadfastness of the acceptance of which
rests on an wstitute, (fantra).

(1). We dinide [‘the tenets’ thus characterised generally].
Aphorism XXVII

Tenets are divided [into the species that are described in the succeeding
aphorisms] through the difference between a ¢ Dogma of all the schools,’
sarva-tantra-siddhdnia), a ‘ Dogma peculiar to some one or more schools,’
prati-tantra suddhdnta), * a Hypothetical Dogma, (adhkarana-siddhdnta), and
an ‘Imphed Dogma,’ (abhynpagama-siddhinia).

(1). We define a * Dogma ot all the schools.’

Aphorism XXVIII.

That [position or tenet] which is not in opposition to any of the schools,
(tantra), and wiuch 1s advanced [as a tenet] by [ at least] some one school, is
[what we mean by] a ‘Dogma ot all the schools,’ (sarva-tantra-siddhdnia).

(1) [Such a tenet of all the schools, or of all systems of doctrine, is]
e. g., the fact that odour 13 to be apprehended by the sense of smell,

(2) We dcefine a * Dogma peculiar to some school.’

Aphorsm XXIX.

That [position] which is [held] established in the same school, and which
in another school is [regarded as] not established, 1s {[what we mean by] a
¢ Dogma pecuhar to some school,” (prafi-tanire-siddhdnia).

(1). Such, for example, is [at present] the European tenet of the
earthi’s motion.

(2). We define the ¢ Hypothetical Dogma’.
Aplorism XXX.

That, 1f which be [held] established, [—and not otherwise—] there is
the estabhishing of another point, is [what we mean by] a * Hypothetical
Dogma,’ . ( adhikarana-siddhdnia).

(1). For example, when 1t 1s to be established that the world was pro-
duced, the Omniscience of God [must be assumed in order to account for its
production].

(2). We define an  Imphed Dogma’.

Aphorism XXXI.

The mention of some particular character [which mention, by the leader
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of a school, conld have arisen only] from s holding some opinion which
he has not anywhere declared aphorstically, constitutes an ¢ Imphed
Dogma’ (abkyupagamae-siddhinta).

(1). Thus, for example, Gautama [by speaking of the Mind as one of
the instruments of knowledge] implies that he reckoas the Mind among the
organs [of the Soul, although he nowhere explicitly lays down this tenet
in an aphorism]. )

(2). Hero ends the tapic of the definition of ‘tenets’ that take their
place in argumentation.

SecrioN VI —THE METHOD OF ARGUMENTATIVE EXPOSITION,

(8). With a view to defining, we divide, the members [of a demonstra-
tion] which present themselves next in order [of the topics enumerated 1
the first aphorism].

Aphorism XXXII.

The members, (avayava), [of a demonstration] are (1) the Proposition,
(2) the Reason, (3) the Example, (4) the Application, and (5) the Con-
clusion.

(1)» We define the Proposition, (pratijnd).

Aphorism XXXIII,

The Proposition is the declaration of what is to be established.

(1). For example—the assertion of the globulanty of the Earth [—in
the proposition “The Earth 1s globular.”]
. (). We define, and, by [reference to] the two subsequent aphorisms,
dinide, the Reason, (hefu), which presents itself next in order [of the things
enumerated 1 Aphorism XXXTI].

Aphorism XXXIV,

The Reason is the means for the establishing of what is to be establish-
ed; [and this force it may derive erther] from the Example’s having a cha-
racter which involves another, or [conversely] through the Example’s want-
ing a character the want of which involves the absence of another.

(1). Here the generic definition is this—that ¢ the Reason 1s the means
for the establishing of what 1s to be estabhished.” Thata Reason may be of
two kinds, is declared in the assertion that 1t derives its force as an argu-
ment, (1) from the Example’s having a character which 1nvolves another, or
(2) from the Example’s wanting a character the want of which involves the
absence of another. For example, [we may assign as a Reason for the
Proposition that ¢The Earth 1s a globe’] the assertion—‘ Because its
shadow [on the Moon] 1s [invariably] circular,’—and [this we may allege
as standing in relation to the Universal Affirmative that] ¢ whatever has an
invariably circular shadow 1s seen to he a globe,—as is the case with a bil.
liard-ball, for example.’ And again [we may assign as a Reason, in sup-
port of the foregoing Proposition, the same assertion as before~viz.,] ‘Be-
canse its shadow is mvariably circular,” and [this we may allege as stand-
ing in relation not as before to a Universal Affirmative but to the following

Universal Negative, viz,] “ Nothing which is not a globe casts invariably a
eircular shadow,”—as a post, for instance.
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) (). We have now to define the * Example,’ (vddharana), wuich presents
itself next in order [ of those enumerated under Aph, XXXI1].

Aphorism XXXV,

The Example is some [undisputed] instance which, through a charac-
ter invariably attended by what 1s fo be established, makes us recognise
that character which 1s to be established.

(1). For example—every thing which iavariably casts a circular shadow
is globular—¢ as 1s a bilhard-ball,’ [ which invariably casts a éircular sha-
dow ;—here the mstance causes us torecogmise globulanty in the case of
whatever possesses the character of 1nvariably casting a circular shadow ].

(2). [ But the Example,’ as already remarked, may be of two kinds;
50 ] we now define the Example in which some two given characters [n-
stead of being both present ] are both concomitantly absent,

Aphorism XXXVI.

Or the Example, contrariwise, by [showing] a consociated absence
thereof [—i. e., of the Reason, where what 1s to be established 1s not pre-
sent—], 1s a negative one.

(1).” For instance—* Notbing which is not a globe casts invariably a cir-
cular shadow,—as a post, for example, [—or as a circular dise, which, not
being a globe, does not invariably cast a circular shadow, though 1t may do
$0 1n certain positions J.

(2). We define the ¢ Application,’ (upanaya), wlich presents itself nest
in order [of those enumerated in Aphorism XXXI1].

Aphorism XXXVII,

The ¢ Application’ is the re-statement of that in respect of which some-
thing 18 to be established,—as being so or nof so, as regards the ‘ Example.’

(1). That is to say, this Member [ of an argumentative exposition ],
the Application, is the ¢ re-statement,” or mention, of € that in 1espect of
which something is to be established’,—i. e. fin respect of] the Subject of the
proposition, ¢as regards the Example’,—i. e. 1n accordauce with the [affir-
mative or negative character of the] Example. It is of two sorts, through
the dinmision into that which speaks of a consociation of affirmatives, and
that which speaks of a consociation of negatives.

The re-statement of the Subjectin the form of—f And thisis so® has
reference to an affirmative Example:—e. g, ¢ And tlns Earth 1s so, [—when
the Major Premiss runs thus—¢ Whatever 1s possessed of a shadow invariably
circular is a globe—as a bilhard-ball is’]. . The 1e-statement 1n regard to
the Subject takes the form of ¢ And tinus this 1s nof so,’—when it has refer-
ence to a negative Example. [Thus the re-statement may be ‘And this
Earth is nof so™—when the Major Premiss runs thus—* whatever is not glo-
bular 1s not possessed of a shadow invarably circular,~as a post, _f'or exam-
ple >—but ‘this Earth is not so,’ for the Earth %es a shadow invariably
circular]. . )

(2). “We define the ‘ Conclusion’, (rigamana).
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Aphonism XXXVIIL

The ¢ Conclusion® is tho re-statement of the ¢Proposition’ [ as bemng
now authorized ] by the mention of the ¢ Reason.’

(1). For example, [our conclusion may be] ¢Therefore [—i. e. for
that Reason—] the Barth is a globe.’

(2). Here concludes the topic of the nature of argumentative exposition.

Sgemon VII—Concruping THE TOPIC OF DEMONSTRATION,

(8). [ But, thus far, we have been shown an arrangement for hearing
only one side of the question, and how can we be sure that the opposite 1y
not the rght one? Before making up our minds we must hear both sides,
Next, therefore, before defimng ¢ Ascertainment,”] we define the ¢ Confu.
tation’, (farka), of objections.

Aphorism XXXIX.

¢ Confutation’ is an argumentation, for the ascertaining of the truth
regard to any thing the trath 1n regard to which 1s not thoroughly discern-
ed ;—from the presence of the reasun [which would not be prcaéut if that
which 1s to be established were not present].

(1). [ In other words, the confutation of him who denics the conclusion
of a sound argument while he admits the premises, consists in our dincéting
huo to look at 1t from an opposite point of view. To one who adimts that
the RBarth’s shadow on the Moon 1s mnvariably eircular, and that what casts
a shadow 1uvariably circular must be a globe, but who still hesitates to ad-
mt that the Tarth 1s a globe, we remarh]—for esample—¢If the Barth
were not a globe, 1t would not have a shadow 1uvariably circular.

(2). We define ¢ Ascertanment,’ (nzrnaya), which presents itself next m
order.

Aplorism XL.

¢ Ascertainment’ is the determmation of a matter by dealing with both
sides of the question, after having been in doubt.

(1), That is to say—‘Ascertainment’ 1s the settling of the question by
the estabhishing of one’s own view of 1t and the confuting of the other view.

(2). Here concludes the topic of the supplemcnts to argumentation.

Secrron VIII.—TaE Toric or DeraTs.

(3). An honest enquirer after truth, even after confutation [of his ob.
jections], may perhaps not arrive at certainty without the aid of Debate ;—
therefore we define Debate, (vdda), which comes next, ’

Aphorism XLI.

‘Debate’ is the undertaking [—by two parties respectively—] of the
one side and of the other, in accordance with the five.membered [process of
demonstration already explained ;—this discussion] consisting in the de-
fending and assailing [of the proposition] by proofs and confutations
[—the debate being conducted on both sides] without opposition to the

tenets [or principles which both disputants hold in common i
the conclusion is to depend]. » nd on which
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(1). Since those who, under the pretence of seeking the truth, arc
dishonestly eager for victery, will wrangle, we next define ¢ Wrauglhng,’
(Jalpa).

Aphorism XLII.

¢ Wrangling,” conducted [in regular form] as aforesaid [—i.e., as spe-
cified in Aph. XLI—] consists inthe defence or attack [of a proposition] by
means of ¢ Frauds’ [—see Aph. L.—], ¢ Futiities’ [—see Aph. XLVIII.—],
and ¢ What gives occasion for rebuke’ [—see Aph. LIX.—].

(1). So—* Wranghng® 1s a discourse for the sake of victory, whichever
side of the question 1t estabhish.

[2). Disingenuous persons who havenot sufficient skill for ¢ Wranghng’
[—which 1mphes the possession of sufficient shill to take up a position
and maintain 1t—7], have recourse to cavilling. We next, thercfore, dcfine
¢ Cavilling,’ (vitaudd).

Aphorism XLIII.

This [—viz., ¢ wrangling’—], when devoid of [any attempt made for] the
estabhishing of the opposite side of the question, constitutes ¢ Cavilling.’
(1). Here the topic of ¢ Controversy’ 1s concluded.

SecrioN IX —OF PALLACIES, OR WHAT ONLY LOOK LIKE REASONS, BY
MEANS OF WHICH A MAN MAY DECEIVE HIMSELF OR ANOTHER.

(2). Now, wranglers and cavillers, when they do not find good reasons
to support their positions designedly make use of what merely look like
reasons. For the rebuke of these, and, nasmuch as even honest enquirers,
through their 1guorance of the nature of the Semblances of a reason, may
mahe use of suchj—we define and divide the ¢ Semblances of a reason,’
(hetwdbhdsd), which present themselves next mn order [of the topics
enumerated in the first Aphorism].

Aphorism XLIV,

The ¢ Semblances of a reason’ are (1) the ¢ Erratic,” (2)the ¢ Contradic-
tory,’ (8) ¢ That which leaves the matter 1n suspense’ [or in equilibrio], (4)
that which 1s ¢ In the same case with what1s"to be proved,’ and (5) the
¢ Mistimed.

(1). We define the ¢ Erratic,’ (savyabhichdra).

Aphorism XLV,

That [scmblance of a reason] is ¢ Erratic’ which attends not merely the
one [character, which 1t 1s employed to prove, but attends also the absence
of that character].

(1). E g, “The mountain must smoke, because there is fire in it.”

(2). We define the ¢Contradictory,’ (viruddha), [semblance of a
reason], which, comes next in order.

Aphorism XLVI,

That [semblance of a reason] is called ‘Contradictory’ which would
prove the reverse in regard to what 1s to be established,
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(1) For example, * This must be fiery,—beceause it is a body of water.”
(2). Wedefine that semblance of a reason * which leaves the matter in
suspense’ (prakaranasama),—tlus presenting itself next in order.

Aphorism XLVII.

That [alleged reason] from which a question may arise as to whether the
case stands this way or the other way, if propounded with the view of de-
terminmg the state of the case, is ‘that which leaves the matter in sus-

ense.’
P (1). For example “Sound is eternal, because it has the nature of
Sound;” [—to which 1t may be retorted—] * Sound 1s ot eternal, because
1t is a made thing ”’

(2). We define that semblance of a reason which is ¢In the same case
with what1s to be proved,” (sédhyasama),—this presenting itself next in
order.

Aphorism XLVIII.

And it [—the alleged reason—] is ¢ In the same case with what is to be
proved,” 1f, by 1ts standing itself 1n need of proof, it does not differ from
that which is to be proved.

(1). We define the ‘ Mistimed,’ (kdldtita), semblance of a reason,—which
comes next in order.

Aphorism XLIX.

That [semblance of a reason] is said to be ¢ Mistimed’ which is adduced
when the time 13 gone by [when 1t might have availed].

(1). For example,—“Fire does not contain beat, because it is fact.
itious,”—{[here the argument is ‘ Mistimed,’ 1if we have already ascertained,
by the superior evidence of the senses, that fire—granting 1t to be factitious
~—does contain heat].

(2). Heie concludes the topic of the Semblance of a reason.

SecTION X,~~OFr THE TRICKS EMPLOYED BY THE DISHONEST DISPUTANT TO
THWART THE OTHER PARTY.

(3). We remarked that an honest enquirer may, inadvertently, employ
the semblance of a reason as a real one ; but what we have next to define
are the tricks which are employed only by the dishonest disputant,

Aphorism L,

¢ Unfairness’ is the opposing of what is propounded, by means of assum.-
ing a different sense [from that which the objector well knows the pro-
pounder intended his_terms to convey].

(1). We dinnde € Unfairness,’ (chiala).

Aphorism LI,

1t [—viz. ¢ Unfairnesg’—7 is of three kinds, (1) Frand in respect of a
term, (2) Fraud in respect of a genus, and (8) Fraud in_respect of a trope.
(1). We define *Fraud in respect of a term,’ (vdk-chhala).
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Aphorism LII.

¢ Fraud in respect of a term’ is the assigning a meaning other than [the
objector well knows] was intended by the speaker when he named the thing
[by a term that happened to he ambiguous], without distinguishing.

(1). For example,—if some one says A cow (gau) has horns,”[—a cavil-
ler, recollecting that the word gau 1s explained n the dictionary to mean an
elephant as well as a cow, may exclaim—] ¢ Whence has an elephont horns 2”

(). We define  Fraud in respect of a genus,” ( sdmdnyachchhala).

Aphorism LIII.

¢ Fraud in respect of a genus’ is the asssuming something [to be asserted
which is] impossible, by an undue employment of 1ts homogeneousness with
that of which the fact asserted 4s possible.

(I). For example, on some one’s saying, “This isa ‘Brihman,’—he
must be possessed of learning and conduct ;”’—the other, [assuming that he
here deduces the possession of learning and conduct from the fact of being
a Brihman, says— How ?—for, the possession of learmng and conduct, 1f
¢ deducible from the fact of being a Brahman, would be found, where it can.
not, 1n s chsldhood’ [The other, of course, meant, as the objector very
well knows, to speak of a Brihman who has lived long enough m the world
to render it possible for him to study, in which case the probability is that
ke will have studied].

()., We define ¢ Fraud in respect of a trope,’ (upachdrachchhala).

Aphorism LIV,

¢ Fraud in respect of a trope’ is the denial of the truth of the matter,
when the assertion was made in one or other of the modes, [viz., hiteral or
metaphorical,—which it suits the purpose of the objector to invert],

(1). TFor example, when it has been asserted that * The scaffolds cry out”
[—somewhat analogously to the Enghsh phraseology  The mit and gallery
appland”—a dishonest opponent will say] “ Itis only those standing on the
scaffolds that cry out” [—as if the other had meant to make the assertion
literally of the scaffolds].

(2). Asthe pomnt here occurs, he states a primi facie view in regard to
¢ Fraud 1n regard to a trope.’

Aphorism LV,

¢ Fraud in respect of a trope’ [—some one may fancy at first sight—] is
just ¢ Fraud 1n respect of aterm,’ for 1t does not differ therefrom.

(1). The meaning [of this objection] is, that Fraud s of only two kinds,
[not of three kinds ; for Fraud 1 respect of a trope is just Frand m respect
of a word, seeing that these agree 1n the assumption, that some word was
employed in another sense than that 1o which1t was well enough known
that the speaker did employ it].

(2). This objection we clear up.

Aphorism LVI,

It is not so [as the objector in Aphorism LYV, supposes], because they
do differ,
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(1). We state what debars the opposite view.
Aphorism LVII,

Or if there were no distinction where there is any similarity of character
[—as there no doubt is between the two species of Fraud.,under considera.
tion—] then we should have only one kind of Fraud, [while the objector
himselt holds that there are Zwo]. .

(1). Here concludes the topic of Fraud in disputation.

SecrioN XI.——OF FUTILE OBJECTIONS AND HOPELESS STUPIDITY.
(2). We define ¢ Futility,’” (jdti), which presents itself next in order.
Aphorism LVIIL,

Futility consists in the offering of objections founded on [ some
mere] similanty or difference of character [—without regard to the ques-
tion whether the fact asserted bears any invariable relation to that cha-
racter]

(1). The meaning is this, that Futility consists in objecting, or taking
exception, on the ground of similarnty or difference of character without res-
pect 10 mvariableness of association [between the character and that where-
of 1t 18 taken as a sign of the presence or the absence. For example, if 1t
were propounded that ¢ The man is unfit to travel, becanse he has a fever,’
it would be futile to object that ¢ The man és fit to travel, because he1s a
soldier’—there being no invariableness of connection between the bemng a
soldier and the being fit to travel .

(). We define ¢ Occasion for rebule, ( nigrahasthdna),—the topic which
presents 1tself next in order.

Aphorism LIX.

¢ Oceasion for rebuke’ consists in one’s [stopidly] misunderstanding, or
not understanding at all,

(1). [The term here rendered, Occasion for rebuke, signifies literally
the place, i. e, the occasion for, or the suggester, of rebuke ;—for if a man
stupidly misunderstands you or does not understand you at all, and yet still
persists 1n  trying to make a show of opposition, then the matter has come
to that point where there is room left only to rebuhe him and drop the dis-
cussion]. TIn order to obviate the mistake, [into which some might fall, of
supposing] that there is no subdivision of Futility and Unfitness to be rea-
soned with, [—the subdivisions of which will be stated in their proper
places—] we remark as follows,

Aphorism LX.

¢ Bince each of them is of different kinds, ¢ Futility’ and ¢ Occasion for
rebule,’ are of various descrptions.

(1). TFor fear of prolixity, the subdivision is not made here.

(2) Here ends the first Book of the Synopsis of Science,—which con-
sists of an exposition of the agreements and the disagreements between the

list of things as asserted by Gautama and the list of things held as establish-
ed by the modern Europeans,
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SYNOPSIS OF SCIENCE.
BOOKII.

INTRODUCTION.

(1)« Taus, then, in the Fiist Book, we have concisely shown the agree-
ment and the disagreement between Gautama’s opinmon und our own, In re-
gard to the enquuy-—what 1s the Chief End of Man, aud what are the
means of 1ts accomplishment.

(2). Now we proceed to set forth the chain of the sciences, in the order
which we ourselves have adopted.

(8). Smce the determination of every object of right cogmtion is de-
pendent on 1ts evidence, what presents 1tself as now appropniate 18 the dis-
cussion of the varieties of Evidence, (pramdna) enunciated m Book I,
Aph. 1, and divided 1 Aph. 1II, 10 the order of that division :—therefore,
first, we sct forth the Senses, the Smell, &c., which constitute the direct
instruments of knowledge, and which, 1n Aph. XII, were divided into five,
And 1n the section regarding each Sense, we shall state, 1 regard to their
Objects, viz., Odour, (gandka), Savour, ( rasa), Colour, ( riipa), Tangibility,
( sparse), and Sound, ($abda), only what has been well ascertamed by
examination,

Srcrion I.—Or tHE SENsES anDp THEIR OBJECTS.
(4). We define the Sense of Smell, (ghrdpa), the one first enounced.
Aphorism I.

The Scnse of Smell, ressding in the nose, is that power which gives rise
to the cognition “1I smell.” ) )

(1). When particles of odorous thingsenter the nose by inhalation, then
that power 1n virtue of which, located 1n that part of the body, the cogni-
tion, in the absence of counteracting causes, that “I smell” arses, is the
Sense of Smell. ) .

(2). The Object of the Sense of Smell is Odour ; and that is such a sort
of power as that the cognition I smell” takes place on the conjunction of
things possessing that power with that part of the body which possesses the
power termed the Sense of Smell. And consequently the possession simply
of such a sort of power is what we speak of as odorousness. But there is no
necessity that odorousness should belong to earth ouly [as Gautama 1n-
sists]; because there is no advantage in giving the name of earth, on the

s}
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strength of such a determination, to Chlorine-gas, &c.,~elementary bodies
posscssing pungent odour ; and because, 1n any science, 1t is mcunmbent on
us to have reference to some wlility in the spcaking about such and such
things under such and such names.

(8). Itisin the section on Chemistry that we are to learn those words
and things where the designating of each thing severally by each word 1s
conducive to the promotion of the good of society.

(4). Now we define the sense of Taste, (rasana), which presents itself
next in order.

Aphorism IT

The sense of Taste, residing in the tongue, is that power which gives rise
to the coguition * T taste,”

(1). Sapid bodies, having entered the mouth, when, being dissolved by
counjunction with the water of the mouth, they come into contact with the
tongue, then, in the absence of obstructing causes, there arises the cogmtion
that ¢ I taste.” The Object of the Sense of Taste 1s Savour. The nature
of this, just like the nature of Odour already mentioned, 1s to be understood
to consist 1 a specific power,

(2). Now we define the Sense of Sight, (chakshush), which comes next
au order.

Aphorism III.

The Sensc of Sight, residing in the eye, 1s that power which gives rise to
the cogmition “T see.”

(1). Mo explain —possessed of the power of causing cognizance of which-
soever colour, the hght, coming from any body, whether self-lnminous or
alluminated, enters the eye, there arises a visual cogmition of that body as
being distingmshed by that same colour. The Object of the Sense of Sight
is Colour. The nature of Laght, the relation of Light to Colour, the parti-
cular conditions of Lught which result from 1ts contact with different sub-
stances, and the structure of the Eye, will be discussed 1n the section on
Optics.

2). Now we define the Sense of Touch, ({wack), which comes next in
order,

Aphorism IV,

The Sense of Tonch is that power which gives rise to the cognition “ I
feel :” —though residing in the whole body, its highest manifestation 15 1n
the tips of the fingers.

gl). Now we define the Sense of Hearing, (Srofra), which comes next in
order.

fl

Aphorism V.

The Sense of Hearing, residing in the ear, is that power which gives rise
to the cognition T hear.”

(1). The cognition I hear” is produced by vibration, such asis con-
ducive to hearing, 1 a membrane within the ear, called the drum of the
ear. The Object of the Sense of Hearing is Sound, The nature of Sound,
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how the particular vibration of the body 1n the place where the Sound arises,
produces, through the ar, &c., wvibration i the drum of the ear, and
the structure of the ear, will be discuased in the section on Acoustics.

(2). Thus have the five Senses been described, together with thewr five
Objects. Now, of Distance, which the vulgar imagine to be an object of
direct cognition, we state what 1t 1s that really informs ug.

Aplorism VI

The knowledge of distance is from inference, not from direct cognition.

(1). 'Po explain :—that thing of which the colour and the parts appear
indistinct, and the size of which 18 perceived as less than its previously as-
certained real size, 18 mnferred to be distant. For example; by a person
who has gone 1nto a house, a palm-tree, on the further bank of the Ganges,
of twenty cubits 11 height, being beheld through a window of a single culns
in size, first appears of smaller size than the size of the window, and its
colour, and 1ts parts, the branches, leaves, fruits, &c., appear mdistinet;
therefore 1its real distance is 1inferred on the nstant. Or, again, when =
crow, which is near us, appears indistinet in consequence of the interfer-
ence of mist, if 1t 1s not taken to be a crow but to be an elephant, then it
1s mferred, from our cognizing it as of smaller size than the previously
ascertained size of an elephant, that it s a very distant elephant —buton
its bemmg cognized as a crow, 1ts real nearness 1s apprchended. But where
the tiue size has not been previously ascertained, and the perception 1s not
indistinet, there 18 no certanty rezarding the real distance, e. g.,, m the
case of the sun, moon, and stars. For the real size of these was not known
at first, and they are not perceived 1ndistinctly, because of thewr great brl-
Lancy; therefore [—according to the decision of the Hindds—] the com-
ruon 1mpression of all men 1s, that the sun and the moon are a long span
in measure, and the stars of the size of the fruit of the myrobalan. Hence
also they are all apprehended as at an equal distance from the carth ; whence
the distribution of the stars appears as af 1t were upon a sphere.

(2). The vulgar behef that the distance of the ciuse of a sound is ap-
prehended by the Scunse of Hearmg, 1s 1n hike manner based on want of
consideration, To explain :—if the perception of the sound could of itself
make us understand whether 1t has arnved from a distance or from the
vicimty, how could the doubt ever arise whether 1t were the rumbling of a
cart or the thundering of a cloud ? Therefore we must hold as follows. If
1t be known from what causes severally the sounds anse, then, by their lond-
ness or their softness, which 1s the objeet of cogmtion bv the Sense of
Hearing, the nearness or distance of 1ts cause 1s inferred. For example, 1f
anv one, in the mght, hearing a very soft sound, leains from the speech of
a friend that it is the thundering of clouds, then he 1nfers that the clouds
are very far off. But when there is no certainty as to what cause it has
ansen from, then doubt anses, from the cogmtion of the loudness or the
softness, &c. And so 1 both cases [—those of Sight and Sound—], 1t 1s
clear that distance 18 learned only through inference.

(8). But then, five Senses have been deserived, under the division of
Smell, Taste, Sight, Touch, and Hearing :—1f 1t be asked why, whn these
are brought in contact with their respective objects, through the special
parts of the body [appropriated to the residence of the Senses], a pentad of
coguitions does not auise simultaneounsly,—then, 1n regard to this, the fol-
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lowers of Gautama say that a simultaneousness of cognitions cannot be,
because the cause of cognition is not barely the approximation of the Sense
to1ts Object, but when the Soul, (d¢man), 1s conjoned with the Mind, (manas),
the mind with the Sense, and the Sense with the Object, ZZen cognmition
arises :—even though 1t 1s possible that there should be simultaneously many
approximations of Seuses to their Objeets, yet, since 1t 13 quite impossible
for the Internal Organ, the Mind, which consists of an atom, to be simulta-
neously in conjunction with more Senses than one, there 18 no simultaneous-
ness of cognitions, But the moderns of Euiope say that what 1s called the
Mind is not an Internal Organ distinct from the Soul, but the Soul itself,
existing as Limited by this body [of ours], 1s to be spoken of, for shortness,
by the word Mind ;—and that toa Soul so conditioned does not be-
long the power of having simultaneously more cogmtions than one; and
thus, even where there 13 an approximation of several Senses to thewr
Objects, yet, through the fact that a kind of natural powerlessness [to take
cognizance of more than one Object at a time ] stands in the way, there 18
no simultaneousness of cognitions.

(4). Now, there belong to the Sonl, as limited by the body, several Linds
of special qualities. We exhibit these concisely.

Aphorism VII.

Pleasure, Pain, Attention, Memory, &c., are special qualities of the
Mind.

(1). A diffuse account of these gualities is to be looked for in another
book.

(2). Now, in connection with what we asserted, viz, that the ascertain-
ment of Distance is through Inference, ( anumdna) not from direct cognition,
in order to set forth Inference, thus presenting itself next in order, we com-
mence, next after the section on duect cognition, a section on Inference.
Its sub-sections are four,—the first the section on the method of apprehend-
ing invariable attendedness [of one nature by another,—i. e., Induction] ;
the second the section on [the employment of] an induction for oneself
[—i. e, Deduction—]; the third the section on [the employment of] an
1nduction for another [—1. e, Demoustation,—the business of Rhetorie
properly so called—]; the fourth the section of Debate [—occupying the
ground of Formal Logic]. In the fiist place we define, by an aphorism, the
natare of an induction.

Secrion 11.—TaE METHOD OF INDUCTION,
Aphorism VIII.

An induction is an ascertainment of invariable attendedness ( vydpti) [of
some nature by some other].

(1). Now, since such mvariableness of attendedness cannot be ascertained
w'thout a method, the method is to be set forth ; and this consists not in
the merely cognizing this or that thing, smce this, without reflection,
leads to_mothing; nor, moreover, does it consist in mere reflection,
without direct cognition of the properties of things,—since this also leads to
nothing ;—but the two together, mutually cooperating, are the means: -
—with reference to this we declare-—
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Aphorism IX

The root of it is direct cognition, and reflection.
(1). ¢Of 1t i. e, of an ascertainment of an invarable attendedness.

(2). Now we divide direct cognition, which 1s the root of an ascertain-
ment of nvariable attendedness,

Aphorism X,

Direct cognition is of two kinds, (1) Observation, (pratikshd) and (2)
Experiment ( parikshd).

(1). * Observaiwn’ 1s the beholding, with steady attention, this or that
phenomenon, without our having operated with a view to the production of
the phenomenon which we desiie to hehold :—e. ¢ . in such a case as that
of an eclipse of the sun or moon; for, 1n that case, the eclipse, which
results from a particular disposition of the sun and moon at this or that
time, which disposition canuot be biought about by oue’s own efforts, can
be beheld only,~-so that this 1nstance 1s one of Observazion simply.

(2). ©Ezperiment’ sigmfies the beholding of such and such phenomena
produced by our having operated with a view to the production of the phe.
nomenon which we desire to bechold :—e g., when we wish to know the
character of Sulphur, Salt, &ec., 1n 1espect to Fue or Water, having
brought Sulphur, &c, into counjunction with Fue, &c., we view the phe.
nomeuna which 1esult therefrom ;—so this 1s an instance of Ezperiment.

(8). " But then, some one muy sav,—since °Observation’ and ¢ Expen-
ment,” which have been just mentioned, are things well known m the
world, what need of a treatise to teach us these things?—so, wishing to
repel this doubt,—-liolding that even though both of these are familiarly
known, yet, since 1t 18 nof fambiarly known how we ought to act in regard
to them, a treatise z¢ useful, since1t 1s necessary to set foith, as included
under the head of what we ought to do, the means of directing and
strengthenming the understanding;~-with an eye to this, we state that the
Understanding has need of 1ts proper helps.

Aphorism X1,

Asin external operations, the hands, &c., have need of their several
helps, 1t is quite certam that the Understauding, 1n 1ts own operations, has
need of Lielps.*

(1). *Quite certain’ &e.—Not so many properties as are produced in
some product when all the helps are available, are produced in the absence
of the helps :—for the qualities in a jar formed by the bate hand are by no
menns equal to those m one formed by the hand supplied with all the helps,
such as staff, wheel, rag, water &c. If they were exactly equal, then the
numerous kinds of insiruments, formed of various metals and woods,
would be purposeless :—so much 1s beyond dispute. And so it may be .
ferred that the Understanding, m the production of great works, requires
helps, since 1 s unaided coudition it can produce but small resilts, just
like the hand. But those helps of the Understanding shall be described in
the sequel.

(%), Now, as, in the case of Observation, the beholding merely of this

Bacon’s Novum Organum, Aph. 2.
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or that phenomenon is possible, so again, in the case of Experiment, man
has no power whatever over any portion of the resull, but can only watch
the result of this or that ;—but the difference between the two cases 1s this,
that, in the case of Experiment, 1t 1s possible to biing together or to separate
the things which counduce to the result,—as we state as follows.

Aphorism XII.

By Man, employed in operating towards a result, nothing whatever can
be done besides conjuining or digjoining extant things, because the result
is dependent upon Nature alone.* )

1). ¢ Because it 1s dependent upon Nature alone’ :—because it is depen-
dent upon Nature ( prakpits) alone, 1. e. the willof God, and the nature of
the woild, such is the meaning. )

(2). Now, mn order to show more strongly the necessity that the Un-
derstanding should be provided with helps conducive to the knowledge of
truth, we state what mischief arises when investigation is cairied on by the
Understanding destitute of helps.

Aphorism XIII.

Usually, in all the divisions of knowledge, Zkis is the root of the great
paucity of fruit, that enquirers, neglecting the seaich for means conducive
to the reinforcement of the Understanding, act under a conceit that the
power of their own Understanding 1s supernatual. + )

(1). Themport 1s as follows. If a painter, through excessive conceit of
Ins own shill, not having looked at all at the object, undertakes to make a
copy of 1t, then, as his conceitedness and ncoriect conduct 1s evident,—so
too, 1f an enquirer, fancying limself able to fathom the course of Nature
by the aid of mere Thought should treat disrespectfully Observation and
Experiment, the nature of which has been described, then Ais conceitedness
and mcorrect conduct also must be evident,-~and how should Ae attan to
such science as should have for 1ts fruit the knowledge of the truth in re-
gard to all things ?—not 1n any way,

(2). Now we state, that in consequence of the cxtreme subtilty of the
facts of nature, 1t is impossible that the knowledge of all truths should
ever be arrived at by the mere Understanding of men, though excessively
sharp-witted and exceedingly devoted to meditation,

Aphorism XIV,

In comparison with what subtilty, belonging to things, the mere Senses
and the mere Understanding can realize or conceive, the truth of Nature
15 more subtile still; so that those meditations and disputatious which are
undertaken without regard to the proper method of learning the truth, are
all guite useless, through their having no tincture of the truth of Nature;
and vet the discerning of thewr inuulity is not possible without great reflec-
tion 1n accordance with the correct method of discovering truth.}

(1) ¢ The truth of nature 2s more subtile st:ll’ For example, in ancient
times there were many thousand sages always devoted to the investigation

*Novum Organum, Aph. 4. + Novum Organum, Aph. 9
Novum Organum, Aph. 10, ¥
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of the truth in regard to Nature, and these were all supporters of the op-
nion, common to umnstructed persouns, and really false, thongh [seemingly]
couroborated by the direct evidence of Sight and Taste, that Water 15 an
elementary substance :—and the 1eason ot thus was, that those sages, feel-
ing certain that1t was possible to ascertain the truth in regard to Nature
by means of the unaided Senses and Understanding, did not aval them.
selves of the proper helps of the Senses and the Understanding, when the
knowledge of the whole truth in regard to Nature was under enquiry. By
modern philosophers on the other haud, enquinng daily mmto the truth
regard to this or that substance, with the aid of Observation and Exper.-
ment, it has been settled that Water consists of two kinds of Aw combmed;
therefore1t is enident that all the disputations proceeding on the assumption
of the ancient opinion just mentioned must have been useless, since the fact
is that Water has been ascertained, by thousands of observations aided by
Experiment, to be a compound body ;~—and this could not be really learned
without investigating rightly,

(2). But then, if 1t be difficult,—neglecting Obscrvation and Experi-
meunt, to learn the truth of Nature, then those who, though they never
observed or experimented, are yet held to possess much knowledge of na-
tural truth,—pray, were these quite in error ? if you ask this,—we reply
as follows.

Aphorism XV.

There is a great difference between those semblances of real natures, fan«
cied to be true, which are the objects of humaun knowledge, and [on the
other hand] the real characters, residing 1n this or that set of things, which
constitute the object of the Divine knowledge that 1s 1 every part accordant
with the things*

(1). Well then, the question being—how knowledge of truthis to be
obtained,—two methods present themselves., Of these the one 1s not pro-
per to be adopted, because it 1s not good,—hut the other 1s to be followed,
because it is good ;—in order to wtimate this, we 1mpose two names, sug-
gestive of goodness and badness, to facilitate the dealing with those two.

Aphorism XVI,

The method naturally followed by every body, which is rash and prema-
ture, 1s called the Anticipation of Nature; (prakritydgraka) but that me-
thod which leads to ascertainment of the tiuth m regaid to the real and
iportant properties which belong to this or that thing, 1s called the In-
terpretation of Natare (prakrityadhyayana).t o

(1). Baut then,if the Anticipation of Nature be bad, why is it generally
employed by men? If this be ashed, we reply, that 1t 1s because 1t is cal-
culated to win men’s minds by its calling for hittle exertion,

Aphorism XVII.

The Anticipation of Nature is more potent to subdue men’s minds, be-
cause the things to which 1t attends, from bewg the objects with which one
is daily conversant, are famliar and few, and the‘refore enter the understan-
ding quickly, without requiring any great application of mind: but this is

* Novum Organum, Aph. 23. + Ibid, Aph. 26,



24 SYNOPSIS OF SCIENCE,

not the case with the Tnterpretation of Nature, for the things to which it
attends are not calculated toenter the understanding quickly, since they
ate 1n general hard for people to understand, becanse, from their being mu-
tually unlike, they du not mutually suggest each other, and are notof a h-
mited number ; nay, rather, they generally appear to men’s miunds nothing
to the purpose, through the influence of coutrary views previously taken
up.’*

p(1). It may be made clear by the example of Dew, how the Anticipation
of Nature is calculated, as stated 1n this aphorism, to subdue men’s minds,
and how the Interpretation of Nature, through the influence of pievions
mptessions, is taken to be nothing to the purpose. Thus:i—when the
night has passed with the shy free {iom cloads, and with all the host of the
stars clearly appaient, m the mormng perceiving that the ground, 1n places
unsheltered by trees, houses, &c, 15 wet with water, 1t 1s generally sup-
posed, by all conjecturers, that the water has fallen fiom the sky or from
the stars, And tlis,—from 1ts bemg easily apprehended, becanse the mate-
rials of the explanation, vz, clouds, sky, stars, mght, mormng, treey,
houses, water, &c., are matters with which we are daily conversant,—having
1eadily entered the undeistanding, produces satisfaction,—by removing all
question as to the couseof Dew. Thus we see that the dnlicipation of
noture has power to subdue the understanding. Butin realty, by Exper-
ment, the cause of Dew 1s proved to be something entirely different,
‘Whenever anything becomes colder than the moist air around 1t, then a
yortion of the water that 1s suspended 1 the air settles upon 1t, and 1s call-
ed Dew. Thus, theie 1s no such Dew on the surrouvding ground as settles
on the masses of hair cut off and left lying by the pilgrims at Allahabad
and elsewhete. If the Dew fell from the sky, then why should it not fall
also all around *—and why too, by day, should Dew appear on a muror
when breathed upon ?—or why should Dew appear on a glass vessel filled
with very cold water P—or why, 1n the season of the rains, should Dew ap-
pear upon the inuver side of the glass doors—within the house !—for 1n
these instances this can have no connection with water fallen from the sky,
or with the rain:—but 1t may be rightly asserted that the water suspended
in the air, breath &ec., settles upon them because all these, wiz., the mirror,
&c., are colder than the sarrounding air, and this 1s the real canse of Dew.
But this, as 1t 1s based on numerous and wmutually unconnected instances,
tiz , the hair, mirror, glass, &c., 1s difficult to understand without careful
study; and, through the force of the habitnal impression of the truth of
the previously accepted doctrine, it appears quite erroneous :~—so that 1t 1s
clear how the Anticipation of Nature1s [the more generally acceptable] as
was said before. There are numerous instances [which concur to establish
the vahdity of this theory] of Dew ; but these we shall treat of fully when
discnssing the Method of Induction ;5 [—whereas we are at present engag-
ed 1n removing certam popular delusions which are calculated to prevent an
uoprejudiced consideration of the Method].

(2). It has been already declared [Aph, XV] that there is a great differ-
ence between those semblances of truth whicih coustitute men’s notions,
and the real natures of things as known to God, To make this clear, we

define generally, and divide, the [°semblances of real natures’, or human]
Fancies,

% Novam Organum, Aph, 28,
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Aphorism XVIII,

The obscurers of the mind, the Fancies, ( swaripdbhdsd), are fourfold, (1)
of the tribe, (jdtikritd), (2) of the cave, (guhdkritd), (8) of the market, (pan-
yavilthikritd), and (4) of the theatre, (rangabhimikystd)*

(1). Here the generic definition 1s ¢ obscurers of the mind’. By € obscur-
ing,” we mean preventing the knowledge of the truth. [Fancies or] ¢sem-
blances of true nature’,—i. e., what seem, or are fancied by people to be,
like true natures,—hke the real character of things:—in short, uareal cha-
racters, the objects merely of false notion; e. g., the [fancied] elementary
character of water, the atmosphere’s [fancied] want of weight, &e.

(). Here the word “tribe’ means something like a tribe—i. e., a dispo-
sitlon common to all human beings. The word ‘cave’ means something
hike a cave, 4. e., the modification of the mind of this or that individual
man. The word ¢ market place’ meansin hike manner the verbal intercourse
that belongs to ordinary affairs. So the word ¢ theatre’ means books of doc-
trine. To be a fancy of the tribe, means, to be the object of a false notion
originating 1n the common nature belonging to all the human race, the
charactenistic of which 1s among other things, to attach more importance
to affirmative stances than to negatives,—e. g., men believe 1n astrolo-
gical predictions, dreams, and omens, merely in consequence of seeing five
or six affirmative 1nstances.

(8) To be a fancy of the cave, means, to be the object of a false notion
originating 1n some defect helooging to this or that indimidual man, result-
ing from his pecuhar 1diosyncrasy, or the hike. Such 1s the fancy of those
prejudiced persons who 1magine that anfiwqualy is the only proof of a doc-
trine’s being true, and that all new doctrines must be false,

(4). To be a fancy of the market place, means, to be the object of a
false notion originating 1n the mutnal verbal intercourse that belongs to or.
dinary affaus, when that 1s taken to have force [or meaningT which 1s mere-
ly constituted by the imagination of the vulgar. Thus the Bauddhas hold,
that, because there are such terms as ““ hare’s horns,” ¢ tortoise’s hair.”
“son of a barren woman,” ¢ sky-flower,” ¢ the lake of the mirage,”—~there-
fore the thngs also exist.t

(5). To be a fancy of the theatre, means, to be the object of a false
notion originating simply in the credulous acceptance of a [ pseudo-philoso-
phical] system. Thus the Bauddhas, the Jainas the Yavanas, &c., hold
as true varions things set forth in their books of doetrine, such as that
there is a multipheity of gods:—that water can be cleared of ammals by
straining ;—and that the heavens are seven.

(6). Since examples of these four [kinds of Fancies], and special des-

+

* Novam Organum Aph. 39.

+ The above 1s taken as a  glaring mstance” of the delusion ( alleged by the Pandits to
have been once ) exeraised by language. Aun mstance of the more subtle imnfluence of the
delusion 1s exhibited in the mcapacity of perthaps more than nmety men ( Europeans—)
out of a hundred, to understand,—with the most distant approach to an apprehension of
it,—Bishop Beikeley’s argument n regard to matter. They exclaim rmpatiently—¢ blue !
—red !—soft !—hard !—blue what #—soft what #’—and so forth. The forms of the gram-
mar of the market-place are taken by them for the Ideas of the Divine Mind. “An ad-
jective requires & substantive,” says Lindley Murray ;—consequently “what we call sensible

qualities imply matter,” argue those whose range of conception 1s bounded by the lsnguage
of the market-place, E
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criptions of them, and considerations 1n regard to their divisions, and their
mutual differences, have been set forth in Vitthala Sdstri’s commented ver-
sion of Bacon’s Aphorisms,—these are to be sought for in that work and
are therefore not dwelt upon here.

(7). Now we have to cousider by what means we can hecome certain of
that ¢ pervadedness’ (wvydpti), which consists 1n the being mnvariably attended
[—as the origination of smoke 1s 1nvarably attended by the presence of fire
—1]; aod this [certamty] 1s possible provided the course of Nature be uni-
form, but not otherwise, If fire were sometimes to burn, and somctimes to
cool,—or if Water were to-day to cool, and to-morrow were to buru j—then
the investigation of mvariable concomitancies, and the consideration of the
means of conducting this, would be quite fruitless ;—therefore, to suggest
that the consideration of the means of ascertaining invanable concomitan-
cies is not fruitless we say:—

Aphorism XIX.

The course of Nature is uniform.

(1]. ¢Of Nature’—t.¢, of the world. ¢Course,’—i. e., the current of
effects and causes. ¢ Uniform’ ¢ e, of invariable form,

(2). But then [—some one may sav—]—the uniformity of the course of
Nature is not established by every one’s experience,—for no one wakes sure
that two things, the one of wluch he has experienced and the other not, or
the one of which is past and the other future, must be ahke. For example
—no one imagmes that in whatever month, day, watch, hour, moment, &e.,
in some particular year, there was rawn or the absence ot rain,~—there will
be, in another year, exactly the same succession. Nor does any one expect
that thesame dream which he has experienced to-day will recur tomoriow or
the next day. On the contrary,—if, on any occasion, one beholds the same
dream which had been beheld on a previous night, then people become asto-
nished in their minds. Hence as it 1s the hope of clowns alone that they
will be successful on the same-named day as that on which suceess had been
previously met with, so [—it may be argued—7] the expectation of regular-
ty and similarity in the course of nature, is in vain, since there 1s no foun-
dation for it, Nor 1s the uniformity of the course of Nature established by
argument, for it is irregular, inasmuch as we find a straying away [of what
o hasty examination had led us to imagine a Sign, from that which we had
fancied it to be a sign of]. Thus, some 1elations are seen to be everywhete
the same as they were seen once,~—as fire and smoke [—the latter of which
is an _unmstakeable sign of the former]; but others are exceedingly
irregular ;—when expected, they do not appear,—when not looked for,
they do appear ;—for example, a particular night and a particular dream
{bave no relation such that by means of the one we could determine the
other.] Others, again, though thewr invanable concomitance had been firm-
ly beheved, abandoning their previously received relation of concomitancy,
are found in conjunction with some other unthought-of property, lutherto
unseen [in such connection];—as, for instance, the nature of a swan and
whiteness. For that these two should go together [ —so as that there should
he no swan not white—] was accepted by all the ancients as a thing certain;
but when dlack swans were found in the great southern island [Australia],
then, from seeing this dissociation [between swan-hood and whiteness
quite recently, this [long received opinion] was abandoned. Thus, then:
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since there is no reliance even on a long-received decision of concomitaney,
we ought not [says our supposed objector—] to assent to the umformity of
Natare, If any one says this,—there is some truth [in what 1 said] ; but,
what we assert 15, not that all properties whatsoever are invariably attended
by all other properties,—but some by some; and what we are bound to
strive for, 15, 1n the case of properties which 1eally are invariably associated
with others, to search out the mvariable concomitancy that exists.

(8). It bewng thus settled that 1t 1s necessary to enquire 1nto the method
of ascertaininginvariable concomitancies,—we find that a perfect result s
not attained merely by the method which is employed by people 1n general.
That 13 to say,—people in general hastily 1magine invariable concomitancies
from the frequent observation of affirmative instances alone, and do not
seek also for negative 1nstances, apprehcnding that there may be dissocia-
tion [somewhere—of things which they have seen frequently associated].
This being so, since they do not see negative instances, because they do not
look for them, fancying their own conjecture 1o be true, if they do meet any-
where with a negative mnstance, they seek to set it aside by i1magining vari.
ous distinctions, ¥ We intend to explain the way, in which those acquaint-
ed with the correct method of Induction, having examined negative ins-
tances, determine that there 1s no 1invariable concomitancy, or else exclude
the suspicion that the concomitancy is not invariable.

(4) But how then,—is the observation of affirmative instances,—the
method employed by people 10 general,—useless > To remove this suspicion,
we state,.—

Aplorism XX

Inductive enqairy sets out from affirmative instances.

(1). That s to say,—Inductive enquiry merely begins with, but 1s not
completed by, the obeervation of afirmative instances. Tor its completion
a very certain and powerfal method is indispensably required, the descrip-
tion of which is the subject of the present section.

(2). Now, to make clear what 1s meant by the assertion that the course
of Nature 1s uniform,—we state :—

Aphorism XXI.

The uniformity of the course of Nature is compounded of all the unifor-
mities which belong to single properties.t

(1). The import 1s this,—that what is called the uniformity of Nature is
not some independent thing, but an endless aggregate of properties [or phe-
nomena] which stand to one another in the relation of 1avariably attended
and invariably attending. The concormtancy of particular phenomera is
established by the one’s being invamably present aloug with the other, and
the other’s being invariably absent along with this. By these several con-
comitancies, belonging to particular phenomena, as if by constituent threads,
1s made up, as a web, the great whole,~—this state of things which we call
the course of Nature; and, as we see the umformity in the several parts,
we speak of the whole also as being uniform,

(2). We advert to a distinction among these [uniformities that present
themselves in Nature].

4 Novum Organum 8. 1, § 25. T See Mill [in * Repunts’® No, 111.] p. 53,
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Aphorism XXII.

Certain of the uniformities which have been determined by investigating
on a rightly inductive method, are named Laws of Nature [y-—-or seeds of
uniformities], ( niyamabdija). L

(1). That s to say,~that [law or] umformity which is not a product
of other unifornmuties, but from which other uniformities arise, 1s to be
treated as a seed of uniformities [or ultimate Law of Nature]. For exam-
ple,—(1) the Atmosphere has weight,—(R) pressure on a fluid causes motion
i all directions,—and (8) a force, not counteracted by an opposing force,
produces motion. Now a uniformty which, resulting from the umiformities
just mentioned, appears in the form of another law combining these, 1s to
be treated as a Derivative Linw [—not an Ultimate Law of Natare]. Such
18 the rse of the mercury 1n the Torricellian tube ; for this is merely the
result of the triad of umformties jost instanced,—and, by means of tho-
roughly understanding tlis instance, it may be understood what cases have
been already provided for [—so that they need not be severally elevated mnto
Laws of Nature]. How the mercury rses in the glass-tube is explained in
the section on the weight of the atmosphere.

(2). Now westate why, among the various uniformities, we speak of
some as Laws of Nature [or the secds of uniformities].

Aphorism XXIII.

Those uniformities alone, which are directly willed by the Ruler of the
Universe, are Laws of Nature,

(1). That is to say,—it is an established fact that there is a Ruler of the
Uuiverse,—who, seeing that he gunides the world, must be Omniscient,
Omnipotent, not Liable to err and independent :—and such laws as, 1f ad-
mitted as expressions of His will, can explain and account for all the other
uniformities that exist in the world, are alone held to be the direct expres-
sions of His will ;—because this supposition 1s the simpler,—~whereas it
would be cumbrons, and purposeless, and a thing unsupported by evidence,
to suppose that His will acts directly everywhere,

(2). But then [some one may object],—if the method of Induction,
which you are gowng to set forth, be the only means of ascertaining inva-
riable coneomtancies, then the invariable attendedness of smoke by fire,
and the like, wonld not have been known:—for people are not acquainted
with the method which your worship hasin view ;—and if you admut that
there 13 any other method in the world which determines cases of invariable
concomitancy, then, since what 1s to be done can everywhere be thereby
effected, what use 1s there in sctting forth a new method of aseertaining
concomitancies? This doubt we proceed to remove.

Aphorism XXIV.

Having taken as examples the concomitancies, relatively to things spon.
taneously presenting themselyes, which concomitancies are involuntarly
recognised, the scientific methods are exhibited, which may serve for the
discovery of concomitancies in new cases [—where the truth is not so glar-
ingly obvious].

(1. ¢Which present themselves,’ &c. For no science is needed for
learning such uuiformities as, that, food mnourishes, water drowns, or
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quenches thirst, the sun gives light and heat, stones, &c. have a tendency to
fall,—and the like,—because, since food, water, the sun, &c., present
themselves spontaneously, and smce hunger, thirst, cold, &c., naturally
assail people,—such concomitancies are easily ascertained alike by child and
sage. But where things do not spontaneously present themselves, or, when
they have presented themselves, cannot be ascertained, as a matter of course,
to stand in the relation of the invariably accompanied and the invariable ac-
companier, then, in order to effect the great gain of the certainty in regard
to the concomitancies of such things, scieuce 1s called upon to indicate the
methods of investigating concomitancies. And if, among men in general,
no case of 1nvanable concomitaney had ever been determined by any body,
then how could a science ever have attempted to set forth a method of seck-
ing for such things? seeing that the knowledge of scientific facts—which
consist of what had not been heaid of or seen—is based on the knowledge
of examples which consist of things that had been agreed upon by all man.
kind.

(2). Now the setting forth of the methods of mvestigating concomitan-
cies founded on the relation of cause and effect, presupposes an exposition
of what 1s meant by the relation of cause and effect ;—therefore, to set forth
the nature of causation, we remark :—

Aphorism XXV,

Every fact which has a beginning has a cause.*

(1). ¢ Hasacause’ By acause we mean exactly that, on the [emer-
gent] existence of which [an event called] the effect 1s 1nmediately produc-
ed. And thus, scientifically, the whole aggregate, 1 theshape of the col-
lection of things mutually co-operative, 18 what 15 to bhe treated as the cause,
—and not, as in ordinary discourse, any of the constituent things severally.
Since the effect 15 not produced on the existence merely of these severally,
that which, among the associated things, comes last in order, 1s recognised
as immediately preceding the effect, and 1s spoken of, 1n ordnary discourse,
as the cause ;—but, since, at different times and places, each portion of
the aggregate [of the antecedents] may occur last, any one of those may,
according to common usage, get the name of the cause. For example,—a
stone thrown into water goes to the bottom. Here there are many things
which make up the aggregate which 1s the cause of the stone’s going to the
bottom. Thus, there are the stone, the water, the throwing into the wa-
ter, the bottom, the attraction of the earth, the stone’s bemng within the
sphere of the earth’s attraction, and the immersed stone’s being heamer
than an equal volume of water. Now, scientifically, the aggregate of all
these 1s properly spoken of as the causc ; but if, in ordinary life, 1t 1s asked
what 18 the cause of the stone’s going to the bottom,—then one person will
mention as the cause the first of the circumstances just enumerated-—an-
other the second,—and another the third, &c. Nor do we find any faulf
with this ;—only, 1n scientific discourse, to make it simpler, the whole aggre-
gate only is spoken of as the cause. The absence of counteracting agencies
is included in this [aggregate of antecedents], and 18 not separately a cause,

(2). But then, where, between two things, the relation of prior and se-

% Mill [in Reprint No. 112.”] p. 61,
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quent 1s not discerned,—there, the relation of cause and effect [:—xt. may be
ohjected—] cannot be ascertained. For example, 1n the case of a jar, and
its colour, savour, &c. no sequence 1s observed,—therefore in that case
there is a doubt as to the relation of cause and effect. And 1f, even though
they exist simultaneously, the jar be the cause, and the colour, &c., the
eﬁ'e}:t,_thexx why may 1t not be the reverse,—that the colour, &c., are the
cause, and the jar the effect? This doubt we proceed to clear up, by 1m-
plication, as follows.

Aphorism XXVI

In a case of sequence, antccedence determines which 1s the cause.—for
the effect can never precede the cause ;—but 1o cases of co-existence, let the
pont for the present remain in doubt. .

(1). ¢For the present.” At this stage, a eniterion for determining which
is the canse and which 1s the effect, in a case of co-existence 1s not pointed
out; but this shall be shown hereafter,~-so that there is no harm if the
pornt remain in donbt for the present :—such is the import.

(2). But then, 1f, 1n the case of sequence, it 1s the eircumstance of be-
mg antecedent or subsequent that determines which 1s the cause and which
1s the effect, then, though it be certain that the whole aggregate of things
existing 1 the prior second must be the cause of the whole aggregate of
things existing m the followmg second, yet how are we to discover where
the relation of cause and effect exists between the things severally which
constitute the aggregate? With reference to this, we state the method of
determtining mndividual cases of cause and effect.

Aphorism XXVII.

At the commencement of the enquiry we must analyse the aggregate of
things which presents 1tself under the aspect of antecedent and consequent.*

(1). “Must analyse .’—that is to say, must attend separately to those por-
tions of it, which [under the aspect of antecedent and consequent]constitute
this [—viz.,, the entire aggregate of antecedents and consequénts in the
world

(2). But then, will the purpose 1 hand be effected by a mere mental
contemplation of the individual phenomena which are the parts of that
parr of wholes [—the aggregate of antecedents and the aggregate of con-
sequents] 7—To this we reply—Nay.

Aphorism XXVIII.

But the root of the determination of this is the separation of the portiops
of that aggregate [—not in our minds only, but nature].

(1). <Separation,’—i. e., leaving out [this or that poruon]. For exam-
ple,—having, at some prior nstant, perceived a potter, jar-halves, a wheel,
staff, rag, &c.; [or again] a weaver, thread, brush, loom, &e.; [or again]
damp fuel, fire, the conjunction of the two, &e.; [or again] a seed, water,
earth, the Light of the sun, wind, &c. ;—some one, at a subsequent instant,
perceives a jar, a web, smoke, a sprout, &c. ;—then, though he knows, for

* See Mill, m “Reprint No, 111.” p. 83,
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certain that the latter aggregate has arisen from the former aggregate, yet
he remains doubtful as to which is the cause severally of the jar, the web,
&c. Then, for the purpose of determiming this, beginning to 1nvestigate,
he must first reckon up which of the facts were perceived as antecedeuts,
and which of them as consequents. After that, having selected one result,
—say a jar—as the one to be effected, he must esclude one thing after an-
other fiom that aggregate which he had found to have the character of an-
tecedents. In this case, 1f, when thread, seed, fire, &c., have been excluded,
the jar1s still found to be produccable, then 1t 15 determined that zhese we
not causes of the jar,

(). This separation [of antecedents] may take place in two ways, ac-
cording as 1t1s at the disposal of man, or oulv at the disposal of God.
The separation is at the disposal of man when, as 1n the case just 1nstanced,
a man can, by his own efforts, make the experiment., When, agan, 1t 14
only at the disposal of God, observation ouly can be made;—:. e., the thing
is to be looked at when 1t occurs,—as 1n the case of an eclipse, for example.
In this case, 1if, having seen, among the antecedents, the fact of its being
—say— Monday, a doubt arises whether Zizs be the cause, then, since the
exclusion of the fact of ils being Monday, and the production of an eclipse
in the absence of Monday, are 1n the power of God only, we must make an
observation when an eclipse takes place wheun it 13 nof Monday. We have
already explained the nature of Observation and Experiment. Now, 1n the
case of Observation and 1n that of Ktpenment alke, thereis a viewming of
this or that phenomenon which we wish to see, but the difference between
them is this, that, 1n viewing a phenomenon which furmishes a case of mere
Observation, man 1s not independent, whereas, in the case of Experiment,
he has the things at hus disposal.

(3). We proceed to point outa two-fold division of Observation and

Experiment, severally, as they are concerned with instances of agreement
and instances of difference.

Aphorism XXIX.

When we have to determine, among the aggregate of antecedents and the
agaregate of consequents, what phenomenon 1s connected by an invariable
law with this or that other one, then, 1n the first place, the course is (1) to
examine instances of agreement, and (2) to examine mstances of difference.

(1). Now we describe the Canons according to which the two methods

above-mentioned are to be applied in a case which 13 one of invariable at-
tendedness.

(2). Now the First Canon.
Aphorism XXX.

Of the phenomenon the cause of which is under 1nvestigation, that cir-
cumstance is the cause, 1n which circumstance alone [—excluding the cir-
cumstance of numericalness, &c. which all conceivable instances must have
in common—] all the 1nstances agree.

(1). For example, fire in conjunction with damp fuel is the cause of
smoke, because all instances of smoke are similar in regard only to their
special character of having fire in conjunction with damp fuel.

(2). Now'the Second Canon.



32 SYNOPSIS OF SCIENCE.
Aphorism XXXI.

Of the phenomenon under investigation, the cause is that circumstance
. which exists 1n ouly the one of two mnstances, having every other circums-
tance in common, in the one of which instances the phenomenon occurs,
and not 1n the other.

(8). For example, mountains, culinary hearths, yards and cowpens that,
have smoke, and those that have not, are similar in their possessing the
nature of mountain, culinary hearth, yard and cowpen, but not in having
fire 1n conjunction with damp fuel. Hence the characteristic of nstances
of smoke, being mn the form of fire in conjunction with damp fuel, 1s the
cause of smoke.

(4). Now the Third Canon,
Aphorism XXXII.

If a phenomenon varies in any manner whenever another phenomenon
varies 1 hke manner, then it may be understood that the two phenomena
stand 1n the relation of cause and effect.

(). For example, the tide of the ocean is higher or lower according to
the greater or less proximity of the moon. Therefore the proximity of the
moon 18 the cause of the tide.

(2). The application of these rules to [the investigation of] a phen-
omenon is now to be shown. For tlus purpose the method of their em-
ployment is pointed out in the case of the inquiry into the nature and cause
of Dew, which were mentioned as pioved in the commentary on the 17th
Aphorism [of this Book]* Before the investigation of a phenomenon that
18 to be inquired into we must determine precisely what 1s meant by the
name thereof, Hence [in the case of Dew] we must separate Dew from
rain, and the moisture of fogs, and limit the apphcation of the term to what
is really meant by it, which 1s, the spontaneous appearance of moisture on
substances exposed 1 the air where no rain 1s falling. The subject of the
inquiry being thus fixed, we remark,t in accordance with Aph. XXX, that
the investigation 18 to be conducted agreeably to the First Canon,

Aphorism XXXIII.

‘When the cause of a nature is given for investigation, we must first enu-
merate all the [known] instances which agree in the same nature, although
[the subject-matier be] considerably diversified.}

(1). ¢ Which agree’ &c. Now the moisture which bedews a cold metal
or stone when we breathe upon it, that which appears on a glass of water
fresh from the well in hot weather ; and that which 18 seen on the inside of
windows when sudden rain or hail chills the external air—all these instances
of dew always agree n one pomnt, the coldness [of the object dewed] in
comparison with the air in contact with it. But [—some one may say]
this does not hold good in the case of nocturnal dew. For here there s
nothing that can produce coldness in the object dewed in comparison with
the surrounding air. [Certainly not}, for what is to produce it ?~~one would

* See Mill [—in Reprint No. 111, p. 112]. + 1bid. p. 112,
1 Novum Organum, B. 11. § 11 P b ¥ Toid. p. 112
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at first be inclined to say. But experiment proves that objects on which nae-
turnal dew is deposited are colder than the air, and the experiment is eas:-
ly made: we have only to lay a thermometerin contact with the dewed subs-
tance, and hang one in the air at a hittle distance above it [out of reach of
1ts influence]. This experiment has been frequently made by inquirers, and
the above-mentioned character has beenmvariably perceived, and it has thus
been proved that dew is always accompanied by greater coldness [in the
object dewed] than that of the surrounding air.

(2). Here then the fact of this invarable connection having been
established, the doubt remains whether such coldness is the cause of dew, or
dew the cause of such coldness, or whether they are both effects of some-
thing else. The solution of this caunot be effected by the observation of a
thousand instances of agreement ,—we must call in a more potent method.
Those who are inclined to the Anticipation of Nature, from perceiving cold-
ness wherever there is dew, fancy that the coldness 1s the effect of dew, We
now describe, 1n aceordance with the second Canon mentioned 1n Aph. XXXI,
the method, in the shape of the examination of negative cases, by which, in
the subject before us, ascertainment is to be made by inquirers who follow
the Interpietation of Natwe, being in doubt as to the truth from not per-
ceiving a decisive cause,

Aphorism XXXIV,

We must next enumerate Jnslances which do not admit'of the given na-
ture ; and the want of the given nature must be imgquired into more parti-
cularly in objects which very closely resemble those others in which it is
present and mamfest.®

(1). ¢ Whach very closely resemble’ &c. Now no dew is produced on
the surface of polished metals placed in the open aw, butit 2s very copi-
ously on pieces of glass sumilaily exposed; and in some cases the under
side of a horizontal plate of glass s also dewed. But these negative and
affirmative 1nstances do not very closely resemble each other, for the
differences between glass and polished metals are manifold, metals being
malleable, opaque, and comparatively heavy, and glass on the contrary
brittle, transparent, and comparatively light. So the Second Canon cannot
be made use of here, because 1t can be apphed only in the case of those
affirmative and negative instances which agree 1 all their circumstances
except one, and the only thing we can as yet be sure of is that the cause
of dew is among the cwrcumstances by which the affirmative instance 1s
distingmished from the negative.

(2). Butif we conld be sure that glass, and the various other substances
on which dew 1s deposited, have only one quahty in common, which 1s
absent from polished metals and the other sabstanees on which dew
is not deposited, the result of the second canon would be gained, and hence
1t would Le proved that that quality [of the substances] is the cause of dew.
This accordingly suggests the path of inguiry which is next to be pursued. -

{8). In the cases of polished metals and polished glass, the absence and
presence of dew show evidently that the subsfance had mueh to do with the
phenomenon, and not the polished surface; therefore let polished surfaces
of various kinds be exposed mn the awr. Tlus done, a .scale of mniensily be-

* Novum Organum ®; 11, §. 12. -
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comes obvious. Those polished substances are found to be most strongly
dewed which conduct heat worst, while those which conduct well resist dew
most effectually. Here the Second Canon cannot be made use of, since all
substances conduct heat 1n some degree. Therefore the Thitd Canon 1s to
be employed, and, 1 accordance with Aph. XXXII, we remark :—

Aphorism XXXV,

We must enumerate the instances m which that nature, which is the
object of our inquiries, is present in a greater or less degree, eithier in the
same object or 1n different objects. For, since the effect 1s dependent upon
the cause, it follows that that 1s not the cause, which does not umformly
diminish and 1ncrease with the given effect.® i ) .

(1), ‘It follows’. &c. The conclusion obtained is, that, caeferis paribus,
the deposition of dew 18 in some proportion to the power which the body
possesses of resisting the passage of heat, and it 1s plamn that that power,
from 1ts favouring the deposition of dew, must be among the causes which
asaist in producing 1t, ) . ‘

(2). Butif we expose rough surfaces instead of polished, we sometimes
find this law interfered with. Thus roughened iron, especially if painted
over or blacked, soon becomes dewed ; the kind of surfuce, therefore, has a
great influence. . .

(3). Expose, then, in accordance with the second canon, the same
maternal 1n very diversified states as to surface, and another scale of
intensity becomes at once apparent ; those surfaces with part witk thewr heat
most readily by radiation, are found to contract dew most copiously. Here,
again, the Second Canon cannot avail us, since all substances radiate
heat in some degree, but the Third Canon is to be made use of, and the
conclusion [obtained by this new application of the method] is, that caete-
ms paribus the deposition of dew 1s also 1n some proportion to the power
of radiating heat, and that the quahity of doing this abundantly is, like the
power of resisting the passage of heat, another of the causes which pro.
mote the deposition of dew upon the substance,

(4). Again, as substance and surface promote the deposition of dew, it
is possible that fezfure may do so also : and here, again, we are presented,
on trial made 1n the manner before described, with a third scale of intensity,
pointing out substances of a close, firm texture, such as stones, metals, &ec.,
as unfavourable, but those of a loose one, as cloth, wool, [velvet, eider-
down, cotton,] &c., as eminently favourable to the contraction of dew. But
here, asthe Second Canon cannot be employed, because, since the texture
of no substance is absolutely loose, we cannot find a negative instance, the
Third Canon is had recourse to, and by this it is proved that, like the power
of resisting the passage of heat, and the power of radiating 1t readily, loose-
vess of texture also, naturally promotes the deposition of dew.

(5). But this cause, looseness of texture, resolves itself into the first,
viz., the quality of resisting the passage of heat: for substances of loose
texture are precisely those which are best adapted for clothing ; for, as they
remain warm within while their outer surfaces are very cold, they impede
the passage of heat [from the body] into the external air; and so this
third induction [of fresh instances]is simply corroborative of the first

¥ Novum Organum ®. 1. § 13.
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induction. It thus appears that wherever dew is deposited thereis either
the quality of readily radiating heat, or of resisting 1ts passage strongly, by
virtue of which the substances tend to lose heat from the surface more ra-
pidly than it can be restored from within. Wherever, on the contrary, no
dew is formed, neither of these same properties is present.

(6). We might now consider the question, upon what the deposition of
dew depends, to be completely solved, 1f we could be quite sure that the
substances on which dew 1s produced differ from those on which it 1s not,
1 nothing but n the property of losing heat from the*surface faster than it
is supplied from within,

(7). Now, although one not omniscient never can have that complete
certainty, it may, at all events, be affirmed that even \f there be any other
quality hitherto unseen and unheard of which. 1s present in all the substances
which contract dew, and absent in those which do not, this other property
must be one which is present or absent exactly where the property of
beng a better radiator than conductor 1s present or absent; so that the
property of being a better radiator than conductor, if not itself the cause,
always accompanies the cause, and, in practice, no error will be committed
treating 1t asif it were really sach. So much for this incidental matter;
we now revert to the inquiry,

(8). We had ascertaned that, in every instance where dew is formed,
there is actual coldness of the surface below the temperature of the sur-
rounding air ; but there remained the doubt whether this coldness was the
cause of dew, orits effect. If, in accordance with the practice of the ge-
nerality of mankind, 1t be asserted that 1t is the effect, we reply that such
coldness 1s the cause of dew, and the cause of that coldness s the property
of being a better radiator than conductor of heat, for snch coldnessis produc-
ed by that very natural property which the [dewed] substances possess of
radiating heat quicker than they conduct it, when exposed to the air by
night. But if the dew be said to be the cause of the coldness, why is not
that effect produced 1n all other substances, and not solely in those in which
it is produced by the cause pointed out, viz. by their own natural laws?
The supposition, therefore, that dew is the cause of the coldness, is re-

elled.

P (9). But there were only three suppositions mentioned above ;—that dew is
the cause of the coldness ; that both are caused by some third circumstance ;
or that coldness is the cause of the dew. The first 1s refuted. The second
is inapplicable, the cause of such coldness being a known cause ; and when
we see a cause it 18 improper to imagine an unseen one. The third sup-
position, that the coldness 1s the cause of the dew, may, therefore, be
considered as completely made out,

(10). Thus we have described the application of the several rules in vari-
ous Instances that are to be considered 1n inductive mnvestigation, Now the
question may arise, whether all instances be of equal.value for the ascer-
tainment of truth, or whether they be of greater and less importance, so
that some may have the prerogative* of being reckoned first in a numbex
of instances, whilst others are considered afterwards. In regard to this,
we remark, affirmatively of the latter alternative, chat :—

¢+ Novum Orgasum B, 1. § 21,
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Aphorism  XXXVI.

There is much difference in the value of instances.

. (1). Some instances show the thing sought for mn the highest degree,
gome in the lowest ; some exhibit it uncombined, 1o others 1t appears con-
fused with a variety of circumstances. With reference to such differences,
Bacon has enumerated twenty-seven species of instances which especially
claim attention. The detailed account of these 13 to be seen 1 Vitthala Sés-
tri’s version of Bacok :—we can here notice only a few ot the more impor-
tant. '

(2). ‘olitary instances’ are those * which exinbit the nature inquired
after 1n such subjects as have nothing in common with others besides the
very nature; or, again, those that exiubit the nature inquired after in
such subjects as are every way similar to others, excepting in thag
very nature. It is mamfest that such instances as these will shoiten
the inquiry, and promote and hasten the exclusion.”* Thus 1if the cause of
colour be iquired 1uto, solitary instauces are found in crystals, pirisms,
drops of dew, &c., which occasionally exhibit colour, and yet have lttle
or notling m common with the stones, flowers, and metals which poss.
ess colour permanently, except the colouritself. Hence it may be con-
cluded that colour 1s nothing else than a wmodification of the rays of
hight, produced, m the case of crystal &c., by different degrees of incidence,
and, 1n the case of flowers &c., by the texture or constitution of the surfaces
of the bodies which reflect the hight. Again, in the same inquiry, the dif.
ferent-coloured leaves of vanegated flowers [of the same species] are so.
hitary instances, for these agree in almost every respect except in colour,
‘Whenee 1t 15 easily collected that colour, which 18 a particular modification
of the rays of light, does not greatly depend upon the mtrinsic nature of
the coloured body, but is owing to a variety mn the texture of the parts of
the surface.

(8). ‘Travelling insiances’ are those wherein the nature inquired aftér
.travels or advances, to generation, when 1t was not before in being; or, on the
contrary, to destruction, when it was in bemg before.t Instances of tlns
kind accelerate the business of exclusion, because the canse must necessarily
be something introduced or abolished, in the progress of this transmigra-
tion. Suppose the thing inquired into were the cause of whiteness,—a
¢ travelling instance’ 1s found in glass, which is colourless when whole, but
becomes white by pounding. In the same way water when at rest 1s colour-
less, but appears white when beaten into foam. o
. (4). fGlaring inslances’ are such as show some nature in the highest
degree of its power, when 1t 1s freed from impediments which usually count-
eract 1t. Thus, if the weight of the air be inquired into, the Torricellian
tube affords a ¢ glaring instance,’ because here the circumstance which usunal.
ly conceals the weight of the atmosphere, namely, the pressure of it in all
directions, being entirely removed, the effect of the weight of the atmo-
sphere is clearly seen in sustawing the column of mercury in the tube.

(6). Now if there appear at first several causes of a result, all of them
equally godd, and the doubt arise, which of them 1s really the cause, those
instances whicl decide that this or that only is m reahty the cause, ave called
‘ crucial instances” They are so named from the crosses set up where two

# Novum Organum B, 11, § 22, Novum Organum, 5. 1. § 23, I Ind, § 24
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roads meet, to point out their different directions.* Thus, when the power
of producing some one result appears equally 1n several things, and 1t 1s
doubted which of these 1s really the cause, we must seek for an instance
in which some property that 1s observed 1s explicable by one of these causes
and not by any of the others. And such are ¢ crucial instances,” as 1n the
following example which occurs in Chemistry. 'When a mass of tin or lead
Jds calemned 1n the fire, although the adhesion of ashes, coal, &e., be carefully
prevented, the absolute weight of the mass 1s always found to be increased.
It was long before the cause of this phenomenon was understood. For the
result might be brought-about either by the addition of some unknown heavy
substance, or by the escape of some light substance which was the cause of
the former comparative hightness. The ancient chemists adopted the latter
wopinion, and this hight substance they called phlogiston. They held that this,
by 1ts escape, rendered the metal heavier, and they therefore 1magined 1t to be
endued with absolute levity. But no certain knowledge of the tiuth was
gammed by this, as experiment was not had recourse to; hence a certain
chemist [Lavojsier] percewving that a crucial mstance was necessary, made
the following experiment. Having included a quantity of tin in aglass ves-
sel, hermetically sealed, and having weighed 1t together with 1ts contents, he
apphed the necessary heat; and when the calcination of the tin was finished,
he weighed the vessel containing the calcined metal ; and, finding the weight
of the whole precisely the same as before, he thus proved that no heavy sub-
atance had entered 1n, and no hght one had escaped. Again, wheun he cooled
the vessel, and made a hole 1n 1t, he‘observed that the air rushed in with a
nowse ; he then weighed the apparatus again, and found that its weight was
increased by ten grains, so that ten grains of air had entered into the vesse

when 1t was opened. The calx was next taken out, and weigked separatelyl
and it was found to have become heavier than the tin by ten grains precisely.,
It was thus proved that the ten grains of air which had disappeared, and which
had made way for the ten grawns that rushed nto the vessel, had combined
-with the metal at the time of calcination. And thus, by the observation of
.this instance, the imaginary substance phlogiston, endued with absolute lenty,
was exploded, and the real cause of the phenomenon established, namely,
‘that a portion of the co mmon air combines with a metal in the process of
calcination, and the weight of the calx 1s 1neruased by the weight of that air.
.On this subject we have now said enough.

(6). Having completed what we intended to say here in regard to the
forming an ‘inductive generahzation’ (anumdna), we proceed to consider
the appheation, to ratiocinative purposes, of the ‘instrument of mght know-
ledge’ ( pramdpe) thus placed at our disposal.

Section III,—Or TrZ DEoucrive ProcEss,

Aphorism XXXVII.

An induction ( anumdna) is the instrument of an inference. o
(1). An inferencet is knowledge that results from syllogizing (pard-

* Novum Organum, B. 11. § 36.
+ This section, and part of the next one, we adopt from the Tarka-sangraha. See our

English version, p. 40,
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maréa). Syllogizing is the taking cognizance that the subject (paksha)
possesses what 1s constantly accompanied [by something else which s thus
seen to belong to the subject]. For example,—the taking cognizance that
¢Phs hill has smoke—which 1s constantly accompanied [at the point where
it originates,] by fire’—13 _[an instance of] syllogizing [—i. e, of appre-
hending, 1n connection, an induction and an observation]. The knowledge
resulting therefrom, vez., that ‘The lull has fire [ somewhere about 1t],’ 15
an inference. ‘The being constantly accompamed’ (wvydpiér) is such an in-
variableness of association as this—that wherever there 1s smoke there 13
fire. By the ¢subject’s possession’ [of some?hmg .that 18 constantly ac.
companied], we mean the fact that there exists—in a mountain for in
stance—that which 1s constantly accompanied [by something else].

(2). An induction may be regarded under two aspects, with reference to
its employment,—as we proceed to remark.

Aphorism XXXVIII.

An induction is of two kinds, (1) for oneself, and (2) for another,
(1). Furst, then, we define an 1nduction employed for oneself.

Aphorism XXXIX.

That which is for oneself is the cause of a conclusion of one’s own.

(1). TFor example, havirg repeatgdly and personally observed, in the
case of cuhnary hearths and the hike, that where there is smoke there is
fire, having gathered the invariable attendedness [of smole by fire], having
gone near a mountan, and being d_oubtful as to whether there 1s fire in 1,
having seen smoke on the mountain, a man’ recollects the nvanmable at-
tendedness, ®iz., < where there 1s smoke there 1s fire.” Thereupon the
knowledge arises that ‘this mountan has smoke, which is constantly ac-
companied by fire” This is called the ¢ pondering of a sign’ ( linga-pard-
maréa.) Thence results the knowledge that ¢the mountain 1s fiery,” which
1s the conclusion (anumiti). Suchis an mduction [employed in a process
of inference] for oneself.

(2). Next we have to give an account of an induction employed for the
sake of another ; and since much has to be said on this subject, 2 new section
18 commenced. In the first place an ¢ Induction for another’ is explained.

Section IV.—Ox raE Procrss or DemonsTRATION, OoR RumTORIC,*

Aphorism XL,

After having, for oneself, inferred fire from smoke, when one makes use
of a distributive form of expression, with a view to the information of aun-
other, then there is an induction [employed m a process of inference] for
the sake of another.

(1). For ezample:—{1) The mountain has fireinit; (2) because it

R Reasonmtg may be considered as applicable to two purposes * * + 4 & @ & % (he
ascertainment of the truth by mvestigation, and the establishment of it to the satisfaction of

another ;:—* * * # % * ¥ the latter belongs to the province of Rhetoric™ +—[ Whately, mn
*Reprmt No. 8, p. 3.



B. II. SEC. 1V, THE PROCESS OF DEMONSTRATION, 39

has smoke; (8) whatever has smoke has fire, as a culinary hearth; (4)
and so this has; (5) therefore 1t 1s as aforesaid. By this [exposition], m
consequence of the sign [or token] here rendered, the other also admits
that there is fire. The five members 1n the foregoing exposition are several-
ly named (/1) the propostion (prafijnd), (2) the reason (Zetu), (3) the
example ( uddharana), (4 ) the application (upanaya), (5 ) the conclusion
(migamana). ¢The mountain is fiery’ 158 the proposition, ¢because of 1its
being smoky’ is the reason; ‘whatever is smohy is fiery' 1s [ the general
proposttion or prineiple founded on such 1nstances as] the example [of culi-
nary hearths and the hike]; “and so this [mountain] 1s,” 1s the [syllogisti-
cal] application ; ¢ therefore 1t [the mountain] 1s fiery’ 1s the coneclusion.
(2). It 1s not indispensable that the rhetorical exposition of an argu.
ment should consiwst, as in the foregoing example, of five members,—be-
cause, as is remarked 1n the Veddnta paribhdshd, *“The rnembers are three,
“1n the shape of the proposition the reason and the example, or in the shape of
the example the application and the conclusion ;—because, since the geveral
principle and 1ts application to the particular case can be exhibited by three
members, the two additional members are needless.” Nor 1s 1t compulsory
that everywhere the same order should be observed in our rhetorical expo-
sition. In the rhetorical section of the Nydya we arz directed to begin by
stating the proposition to be proved. In addressing a candid enquirer after
truth, this is the best and simplest mode of commencement. An audience,
however, does not always consist of such persons. A prejudiced person, on
hearing a proposition which 1s opposed to lus prejudices, 1s apt to shut his
ears and refuse to hear the argument 1 support of it. In dealing with
such persons, we must be guided by this censideration. In the Grecian
republics the art of persnasiver speaking was a very important one; because
the power of the state, being 1n the hands of the people, wasin reality
wielded by the speaker who could persuade the assembled people to adopt
his views. The inducement to the cultivation of the methods of persuasion
being so great, the art of rhetoric attamed, in Greece, a degree of perfec-
tion which 1t never attained elsewhere, Observing the success of the great
orators, Aristotle reflected that if success 1n any matter has been once at-
tained, it must be attainable agamn provided the same means be empluyed.
Having carefully considered the matter, he wrote a treatise, which forms
the ground-work of the best treatises on the subject now current in Europe.
Of the results arrived at we shall given a brief statement,

Aphorism XLI,

The enquiry embraces the four sections of (1) Propositions, (2 ) Con-
vietion, (8) Persuasion, and (4) Style.

(1). ¢ Propositions.” Here 1t 1s to be observed that although it may not
be always advisable to set out by stating the proposition to be proved, yet 1t
is always most important that the speaker, or writer, should begin by lay-
ing 1t down distinctly in his own mind. This rule 1s neglected by those
who place before themselves a Term nstead of a proposition, and imagine
that because they are treating of one fhing, they are discussing one guestion.
For instance, one may be ireating of gold, while discussing all or any of
these questions: “what is the weight of gold?” “what is its value?’
“ whence is it obtained ”’—%how far isit malleable?” &c.; but if these
questions were confusedly blended together, orif all of them were treated
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of within a short compass, the most just remarhs and forcible arguments
would lose their interest and their utihity, in so perplexed a composition.

2). [Having remarked thus much m regard to Propositions,] we pro-
ceed to divide Arguments,

Aphorism XLII.

An argument is of two sorts, mnasmuch as 1t may be a cause or cffect, or
neither, .

(1). Where the argument is a cause or cffect, it enables us to argue (1)
from cause to effect, or (2) from effect to cause "Where the relation of
causation is not involved, the argument consists 1n the ¢ perception of ho.
mogeneousness’ ( sdmdnyato-drishia¥) For example,—(1) fiom the ga.
thering of clonds we anticipate rain,—(2) from the swelling of a river we
1ofer that 1210 has fallen,—( 3) from the blossormg of a mango-tree we
infer that other mango-trees are blossoming,

(2). Now, when we are endeavouring to convince some one, he may
probably bring forward Objections; and mnce, 1f we ourselves are nght,
these objections must be wrong, 1t 18 necessary to cousider what sort of
wrong arguments, or fallacies,t can be brought forward. These ‘sem-
blances of a r1eason’ (hetwdbhdsa) may be enumerated as follows :—

Aphorism XLIIL

Five that present the semblance of a reason are (1) that which goes as.
tray, (2) the reverse [of what1it ought to be], (8) that which 1s out-
weighed, (4) the unreal, and (5) the debarred.

(1). That [alleged reason] which goes astray 1s that which presents itself
in that in which there 1s the absence of what 1s to be proved. For example,
~—* The mountain must be fiery, because it is cognizable:’—[here the
alleged 1eason would be hable to this objection,] because cognizability
belongs [equally] to a lake, which has o fire in 1t.

(2). That [alleged reason] which 1s the reverse [of whatit oughttobe], is
that which 1s constantly accompanied by the absence of what 1s to be proved.’
For example,—¢ This man 1s praiseworthy, because he 1s wicked.’

(8). That [alleged reason] which1s outweighed, 1s that along with
which there exists another reason which fully establishes the mon existence
of what 1s to be proved. For example,—f The mountmn 1s not fiery, bevanse
there is water init, asin a lake ,'—to which 1t may be rephed that jthe
mountain is fiery, because 1t is sinoking, like a culmary hearth,

(4). An ‘unreal’ reason is that which is not true. For example—
¢ Sound is a quality, because it is visible *—now sound is not visible, but
only audible. -

(5). That [alleged reason]is ¢debarred,” where the absence of what it
seeks to prove 1s established for certain by another {and more potent kind
of] proof. For example,—¢ Fire 1s cold, because 1t 15 a substance’ ;—here

' * Ses Nyéya Aphorisms, B 1. § 5, and Lecture on the Sénkhya, § 101,

thz In his“‘1 R.heftorm’;r(sie ‘ Repi;nﬁ’ No. % P- 92) Archbishop %V’h:?zely says—* This 18
roper place for a treatise on Fallacies, but as this has b )

or Locrc, I have only to refer the reader to 1t.” ke Nydon, tha e oy EM TS

, In the Nydpa, th i .
now following, the account of the Fallacres comes u:de"etheg Igl?’ ¢ order of which wegre

ly saysit ought. See Tarke-sengraha, 2od Ed. p., 52, choncal heading, as Whate-,

.

.
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coldness is sought to be established; and its absence, viz.,, warmth, is ap-
prehended by the sense of touch -—hence the argument is debarred.

(6). When we are not deahing with a properly educated person, it will
frequently be found the most convenient method io bring forward auother
argument with the same defect, in wiich an absurd conclusion may be in-
troduced as drawn from true premses. For example, if 1t were argued that
Devadatta is a good man, because all good men are charitable, and Dewvi-
datta 18 so: we might illustrate the inconclusiveness of the reasoning by
bringing forward the parallel argument that Devadatta is a good man, be-
cause all good men are mortal, and so too Devadatta is.

(7). Itis no uneommon manceuvre of a dexterous sophist, when there
is some argument which he cannot directly defeat, to assent with,seeming
cordiality, but with some qualifieation, which, though seemingly nnimpor-
tant, shall entirely nulhfy 1ts force. This has been compared to the trick
of the pilgrim in the tale, who ¢ took.the liberty to boil his pease,” The
story is as follows -—Two profligates to obtain remission of ther sins, m
accordance with the decree of a holy man, having filled thewr shoes with
pease, set out on a pilgrimage, After proceeding a few miles, one of them,
much distressed by the pan 10 s fest, and surprised at the apparent -
difference of his compaunion in saffering, enquired whether the pease did not
hurt mm. The other smiling rephed, *No—for I took the hiberty to boil
my pease hefore setting out ”

(8). Having treated of Conviction, we have next to speak qf Persuasion.
In Persuasion, as distingmshed from Conviction, we secek not merely to
convey knowledge but to influence the Will* Here two considerations may
have to be kept 1n view. 'We may have to show that the object proposed 13
a desirable one, and we may have to show that the course suggested will
lead to1ts attmnment. The smtableness of the means must be established
by argument ; but, 1n order to excite men to adopt those means, we must
represent the end as sufficiently desirable. It will frequently happen that
the one or the other of these purposes will have been already accomplished,
s0 that the other shall be the only one that it 1s requsite to insist on. That
is to say :—sometimes the hearers will be sufficiently intent on the pursuit
of the end, [as 1n the case of wealth], aud will be in doubt oaly asto the
means of attaining it; and sometimes, again, they will have no doubt re-
garding the means, but will be not sufficiently ardent with respect to the
proposed end, [asin the case of virtue].

(9). Having treated of Conviction and Persuasion, we have next to speak
of Style. The thiee requisites of Style, as the author of the Kdvya Pra-
kdsa tells us, are Perspicuity, Energy, and Elegance. Of the three, the
first requisite 18 Perspremity ; since language not intelhigible, or not clearly
and readily intelhgible, fails, in the same proportion, of the purpose for
which langnage is employed. Perspicuity is defined 1n the Kdvya Prakdse
as a quality in virtue of which a discourse penetrates the mind as readily as
fire enters dry fuel, or as water penctrates clean cloth, a quality appropn-
ate in every species of composition,

" (10). 'The next quality of style to be noticed is Energy, which 1s defined
in the Kdvya Prakdsa as the cause of hvely mental excitement. This (~—as
is likewiso the casc 1n respect of Petspienity,) must depend on three things;
Lst, on the Choice of words, 2uxd, on their Number, and 3rd, on their 4r-

+ Whately, Rhetorie, n *Reprints” No. 8, p. 103,
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rangement. With respect to the choice of words—at is convénient to regard
words as being employed in two ways,—properly, and figuratively. Of
¢« Proper” terms, with a view to energy, we should always prefer those words
which are the least gemeral. The impression produced on the mind by a
singular term, may be compared to the distinct view taken in, by the eye,
of any object [suppose of Nérada, after his gradual descent as described at
the opening of the poem of Mdgha] near at hand, in a clear light, which
enables us to distinguish the featwies of the individual, in a fainter hght,
or rather further off, we merely perceive that the object 1s a man ; this cor-
responds with the idea conveyed by the name of the species, yet further
off, or 1n a still feebler light, we can distingwish merely some living object ;
and at lgngth, merely some object. As each of theseviews conveys a correct
impression to the mind, though each, successively, 1s less vived ; 80, in lan.
guage, a general term may be as clearly undersiood as a speaific or asingular
term, but will convey a much less jforcible ympression to the hearer’s mind.
A form of expression which conduces much to energy, is the Metaphor.
From its conciseness, the Metaphor is more energetic than the Simile,
which differs from the Metaphor 1n this, that-it fully states the resemblance
which in the other1s implied. There is more energy in the expression
¢ That lion Devadatta”—than in the expression ¢ That Devadatta who
is like a lion.” The employment of the Inferrogatwe form will often
prove serviceable with a view to Energy. It calls the hearer’s atten-
tion more fopcibly to some important pont; and it often carries with 1t an
air of triumphant defiance of an opponent to refute the argument if he can.
For example, 1f we say, * Who ever saw or heard of whiteness 1n a crow,
truth in a gambler, courage in a eunuch, night thought in a drunkard, mercy
in a serpent, chastity in woman,—or of a king that was a friend 9’ —though
the sense 1s the same as if we had simply asserted that no one had ever
seen such, yet the form of expression 1s more energetic.

(11). The last quahity of Style to be noticed 1s Elegance. This quality is
always desirable where 1t does not seriously 1nteifere with Energy.

(12). Now, mntending to commence a new section, we remark, that the
fallacies mentioned 1n this Rhetorical section imply a difference of opinion
between the proponent and the opponent in regard to the validity either of
the alleged reason or of the induction (anumdna) applicable to the ease. For
example, if any one argues that ‘ Sound is a quahily, because 1t is vzsible,’ or
that ¢ This must smoke, because it is fiery,’—and another person denies the
vahdity of the reasoning, 1t is because the one assumes and the other de-
mes that sound is visible; or, again, because the one assumgs, as an 1ndac-
tion, that © All that is fiery must smoke,” and the other—[having an eye
to the igmited iron-ball which does not smoke—] denies the soundness of the
induction. But often, where there 1s no difference of opinion as to the pre-
mises, there may yet be a difference of opimon as to what conclusions legi-
timately flow from those premises. Let us suppose a preceptor and pupil,
who are entirely agreed as to the principles (ssddhdnta) which are therefore
nowhere liable to be called in question during their conversation,—still, the
pupil may err in drawing his conclusions from the principles, and the pre-
ceptor must set him right where he goes wrong. In the following section,
therefote, premises are never to be challenged,—the introduction of challen-
geable premises into the section following being debarred by the very condi-
tion on which the section founds itself,—viz., the possibility that there may
be two persons entirely agreeing in regard to principles, but differing
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in regard to results. Discussion, on such terms, is known as ¢ Conversa-
tion’ (Vdda) 1n the Nydya. Asthe disputants in question nowhere disagree
n regard to the matier of the dispute, their disagreement must be one cap-
able of being cleared up by attention to the form of the expressions,—
and therefore we give to the following section the title of Formar Losic.

Section v.—Or Formain Locrc,

(18). Now, commencing the section on Discussion [—wdda, i. e., the
examination of the vahdity of an argument, where there is no question as
to the truth of the premises—], we state the subject-matter thereof,

Aphorism XLIV

The cogmzing the nature of the subject and predicate [—i. e. Simple
Apprehension]; the cognizing of the relation between those two [—i. e.,
Judgment—1]; and inferring, [are the three mental operations, or states,
with which we are more immediately concerned 1n the present section].

(1). Of these [three mental operations] the first [v22. Simple Appre-
heusion] 1s that operation whereby there arrives the knowledge either of
the thing spoken of, or of what is asserted in regaid toit. The second
[vez. Judgment] 1s that operation whereby the relation of these two, when
they have arrived [and are present to the mind}, is cogmzed. The third
[vez. Inferring] 1s that operation whereby, after cognuzing the import of
the general principle, and 1ts apphcation to a particular case, the inferen-
t1al result 18 cognized, 1n the shape of ¢ Therefore so 1s tkis.” Our speak-
ing [in English] of both the act and its result under the 'same name [—
e. g., Judgment, and a judgment—], is allowable,—just as is the denomi-
nating of the Sight &c., and of the cognitions resnlting therefrom, by the
term pratyaksha [—which stands alike for a sense and for sense-perception].

(2). For producing this triad of operations in the mind of another per~
son, an expression, in the shape of a Syllogism ( mydya), is employed.
That portion thereof, from the hearing of which there is produced an act
of the mind of the hearer conducive to the apprehension of either the
thing spoken of, or of what 1s predicated of it, 1s called [severally] the
portion of [the exgression, which portion, being a ferm, denotes] the Sub-
ject or the Predicate—(uddesya bhdga and vidheya-bhiga¥). That by
which there is produced an act of the mind of the hearer conducive to the
cognition of the relation between these two, is called a proposition (—ayd-
ydvayeva,—literally, ©“ member of a syllogism”). And that by which there
1s produced the act of the mind of the hearer called reasoning 1s the [entire
argument or] syllogism (nydya). For example—

“ Every thing smoking is fiery;
The mountain is smoking ;
Therefore it is fiery :—

b It 1s to be horne :n mmnd that 1n the Nydya section of swdrthdnumdne, the vidheya
1 such 2 proposition as ““ The mountam 1s smoking.” 1s smoke: whie, m the section of
pardrthdnumdna, 1t 1s held (—e. g., by the author of the Anumdna-chinidmani-didits,~),
to be not the smoke, but smoking. As this latter view accords with Emopean usage, the
texms widheye, siédhya, &c., are so employed m this section. The distinction of usage re-
fel'red9 3o)mny be seen inxpages 122 and 128 of the Didhiti,—~( Celcuttn edition of Sam-
vat 1905),
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1s a syllogism, THere the Subject and Predicate of the first _scntc_nce are
“smoking” and “ fiery ” Of the second sentence* the Subjuet is “the
mountain,” and “smoking” is the Predicate. By means of tpeae [words]
the meaning intended by both [Subjects and Predicates] having been ap-
prehended, the relation of the two, in ecach of the sentences, [vez., the
affirmative relation,~] 15 cogmszed by means of the word “12s,” which is
understood [—in Sanskrit, and not usually cxpressed as it is in Englisht].
In the third sentence, through the force of the expression *therefore”, by
the syllogism—consisting of the whole of the three sentences—there 1s
produced the [knowledge called a] Conclusion, [which may be described
as being] in the shape of some particular knowledge resulting from the
knowledge of a Reason. )

(8). Now Terms are liable to the fault of indistinciness, Propositions to
that of being false, and drguments to that of being inconclusive. In For.
mal Logie, of which we are now treating, the main thing to be expounded 1s,
by what methods faultiness in an Argument, viz., zaconclusiweness, may be
entirely guarded against; aud mcidentally we shall treat of the guarding
agawnst defecls 1n terms sad propositzons, but only so far as this cun be done
by the proper use of langyuage.

(4). Therefore there 1s derivable, from this study, skill in the employ-
ment of language suitable for the establishment of conclusions, and skill
1 distinguishing a valid argument from thut which 1s spurious.  But he
only can nightly estimate the importance of this study who knows how far
men’s thoughts ave mfluenced by expressions, and who considers how many
errors, perplexities, and troubles, are occasioned by a faulty nse of language

(6). 1n rcference to the defects to wluch lerms, propositions and argu-
menls, are hable, there are two distinctions,  lst,—an expression the mean-
g of which 1s mdistmctly apprehended, does not thereby cease to be a
Term ; nor does that which 15 false cease therefore to be a Proposition ; but
that from which the conclusion does not result, 1s nof really an Argument
at all ;—such is one distinction. 2dly, no rules are posuible such that, by
attending to them, Terms should be everywhere clearly understood, and
the trath or falsity of Propositions be ascertained. But rules are possible,
by attending to which we can ascertain that what has this or that form1s a
valid argument, and that that which has this or that form is no argument :
—such 1s the other distinction, And thus, in the present case, 1ules are
to be set forth, by attention Lo which rules, we may with certainty deter-
wine what is really a Term, really a Proposition, and really an Argument.

(6). Of a Syllugism there are three Members, made up of the portions
whieh express the Subject and the Predicate  And these [Members or Pro-
positionsi) are severally of two sorts, viz., affirmative and negative. Such
propositions as “The mountain is fiery,” are of the first sort :—those like
“ The lake 1s ot fiery,” are of the second sort. And here, in both casecs,
the verb ¢‘is” [—which is not customarily expressed in a Sansknt proposi-

¥ Thus the Sanskrit avoids the danger of baving the Logieal Copula mystaken for an
asserter of esisience, That the [Tindd sages was not unaware of this hability in the verh
*$10 bu,” 15 shown (—sce p. 41 of No. IIL of our “REPRINTS FOR THE PANLITS”—)
by the practice of commentators, when a verb that mght imply Existence 1s used in
the test as the copula, to warn the reader that “The verb does not here mply Existence,
but 15 employed for the sake of kaowledge ;7"—

fafewd st ag vl 4
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tion—1] is to be understood ; and this, since it is this which makes a Pro.
position, is the only verb recogmsed 1n Formal Logic; and not any other,
such as % cooks,” ‘ goes,” &c., since each of these involves the verb s Fid
—nasmuch as “ He cooks,” or the like, nfeans **He 1s cooking [—or1sin
the habit of cooking—],” or the hhe. And this word “us” is employed
with the intention of notifying the relution of the Predicate in question,
and not with the intention of predicating ewisfence ;—for, when we say A
hare’s horn, a man’s horn, tortoise’s hair, the son of the barren woman,
and the lotuses of the sky, are fictions,” we predicate the fictitiousness, nat
the existence, of the hare’s horn, and the rest.

(7). A Term [—a Subject or Predicate—], as it may consist of a single
word, so may it also consist of a combination of words. For example,—
¢ Maitra, who, for twelve years, studied all the Institutes, under Devadatta,
in Benares,—is instructing many disciples” In regard to this, we have
an aphorism,

Apherism XLV.

Words are either * dependent” [—syncategorematic—] or ¢ independent”
[—categorematic—7]. The * dependent” are those which cannot, without
another word, themselves serve as erther a Subject or a Predicate.

(). Since adverbs—as “merrily,” ¢ difficultly,” and nouns not in the
nominative case, as ¢ of all,’” cannot form a Term without some other word,
—as “gporting,” * accessible,” * Lord,” &ec. [—* sporting merrily,” “ dif-
ficultly accessible,” ‘¢ the Lord of all,”—7 these are syncalegorematic words,
But categorematic words as * Chaitra,” ¢ Maitra,” “ jar,”  web,” ¢ white,”
¢ black,” &ec., are competent to stand themselves as onc or other of the
Terms.

(). * Now we have to consider the subdivision of categorematic words ;
and, 1st, they are of two sorts,—common which denote many mdividuals, as
“ man,” “rnver,” “mountain,” &c.; and smguler, which denote only a
single indindual, as ¢ Chaitra,” *the Ganges,” “the Himflaya,” * this
tree,” &ec.

(8). Again they are of two sorts,—concrefe, as *jar,” ¢ white,” ¢ Dit-
tha,” &c.; and absiracf, as “ colour,” ¢ taste,” “the*nature of a jar,”
 whiteness.” &e.

(4). Again, moreover, they are of two sorts,—conngfative [—which im-

ly in their signification some attiibute of the object denoted—], as  God,”

¢ the Himélaya,” [or “abode of snows”], “jar,”’ * web,” &c.; and non-con-
notative, as * Chaitra,” « Dittha,” ¢ whiteness,” &e.

5). And agan they are two-fold,—postizve, as © heavy,” “ hot,” * jar,”
“ web,” &e.; and negalwe, as “light,” 1 c., “not heavy’], “cold,” [i.e,,
“ not Lot”], ““not a jar,”’ “nota web,” &e.

6). Yet again they are two fold,—relative, as “father,” ¢ mother,”
“ hrother,”  master,” ‘ servant,” &c.; and absolule, as *jar,” “web,”
s wall,” ¢ granary,” * hearth,” “ sacrificial floor,” “ cowpen,” &ec.

(7). Now we have to set forth the second part of Logie, which treats of

Propositions,
Aphorism XLVI.

Propositions considercd merely as Senfences, are of two kinds, ealeyorical
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[—i. e., “asserting simply the relation between the Subject and Predicate,”
~—]; and other than such. )

(1). Such a proposition as “ The mountain is fiery” 1s of the first kind,
The second kind 15 of two sorts, *Conditional, and Digjunctive. Such a pro.
positions as “If 1t were not fiery 1t would not smoke,” 1s Conditional,
4 Raither the world is due to chance, or it must have had an 1ntelligent ma-
ker,” 18 a disjunctive proposition. This division of proposition is according
to their substance [—. e., considered sumply as sentences. ]

Aphorism XLVIIL.

But, according to their character as propositions, they are first divided
into affirmative and negative.

(1. E. g.,—“The mountain is fiery,”—and ¢ The lake is no? fiery.”

(2). "The division of them, according to their maiter, mto frue aud false,
since it belongs, not to the present enquiry, but to this or that other science
which deals with that matter, is not here taken account of.

(3). Now a second division of them, according to their character as Pro-
positions, 18 to be mentioned.

Aphorism XLVIII.

A second division is into universal [—literally, *those in which the Pre-
dicate 1s said 1 respect of the whole of the Subject”*—], and particular.

(1. E. g, “All mountains are fiery ;”” and * Some mountains are fiery.”
That the Subject 13 spoken of in 1ts whole extent, 1s understood from the
word “ all ;” and that it is spohen of partially, is understood from the word
¢ some :’—but how we know whether the Pred:cale 1s employed in its whole
extent, or only partially, we proceed to explain. All negative Propotitions
necessarily speak of all the things negatively predicated [—1. e., they
distribute the Predicate:]—as, e. g., “The lake 1s not fiery ;”—here
the word  fiery” embraces all fiery things [—and the lake is something
different from every one of these]. But efirmative Propo sitions do not
necessarilly speak pf all the things of which the Predicate is a name.
Thus, in the proposition “ The mountain 1s fiery,”” we are not informed
that the mountamn [is al/ fiery things,—that it] differs not from hearths,
courtyards, cow-pefis &c., having fires in them [—though they are
not mountains]. Thus while all Universal Propositions distnbute the
Subject, all Negative Propositions distribute the Predicate. But then,
if you say—where the extent of the Predicate comcides with that of

* The Savskint terms here emgﬂloyed are as follows. A “Unversal Affirmative” 1s
avachehhedekdvachchedena wdhdyake,~literally * affirmative according to the hmut of the
distinguishing nature.”” Thus, when we assert that  All men are mortal,” we are p1cdica-
tmg mortality m thé entire extent of the dgreaence of the ** distmguishing nature” human-
ity. A “ Particular Affumative’” 1s sdmdnddhikaronyena vidhdyaka,~hterally “affamative of
thewr being assocated [but not umversally].” Thus, when we assert that * Some men are
blind,” we are not predicating blmdness throughout the entire extent of the piesence of
that distingusshing nature which constitutes one a man, but only asserting the accompam~
ment of humanity by bhindness, e. g., m the particular men spoken of. These are recog-
mised and familiar Sanskrit terms. If, when wntten out in Europesn cheracters, they
look not mnch more manageable than some of the new chemieal terms deviged in this

Synopsis, the expectation is reasonable that the new terms will not be found much more
unmanageable than these,
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the Subje ef,—e. g, inthe  instance ¢ Every Substance is possessed
of Qualities,”—the proposition, distributing the predicate also, includes-
every indinidual case of what possesses qualities, since qualities nowhere
exist in what is not a substance ;—we reply,—true ;—but this is known
through our knowledge of the matfer, not sumply from an inspection of the
Jorm of the proposition. But we are here concerned, as we have already
stated, with those properties of propositions alone, which are revealed by
the form of the proposition.

(2). We shall now mention the technical symbols for the various kinds
of piropositions, wh.ch symbols are employed to facilitate that consideration
of syllogistic forms which is to be made in this Section. Thus, a Uuiversal
Affirmative is to be understood by the letter A ; a Universal Negative by E;
a Particular Affirmative by I ; and a Particular Negative by O. A guater-
nion of relations determines the mutual Opposition of these four varieties of
})roposmous. To explamn :—A and O, and similarly E and I stand mutual.
y 1n the relation of Contradictories [—literally, 1n the relation of what are,
adequately for the assertion, excluder and excluded—]. Such is the rela-
tion between “ All mountains are fiery,” and * Some mountains are not
fiery ;” and, again, between “No lales are fiery,” and “ Some lakes are
fiery.” AandI, asalp E and O, stand 1n the relation of contawer and
contained [—or subalternant and subaltern—]; asis the ease with “ All
mountains are fiery,” and “ Some mountains are fiery;” or with “No lakes
are fiery,” and  Some lakes are not fiery” A and E stand 1 the relation
of contrariety [—hterally, of more than mere contradictoriness]. Suchis
the relation between ¢ All mountains are fiery, and ¢ No mountan is fiery.”
I and O stand in the relation of compatibility :—such is the relation of
these two, viz., “ Some mount amns are fiery,’” and “some mountains are not

fiery.”’ In nest,” and
; —
this Section ¥ contraries E that ¢ Some
we are parti. men are ho-
cularly con- nes,” since a
cerned with particular
Contradicto - exception
ry opposition suffices to
alone, and debar a uni.
not with Con- o versal s}%ser—
trary opposi- & LN & = tion, hat
tioxy; ,g?b e- 8 'Qoo & £ hasbeen here
cause the no- :g 2 = said 10 re-
tion that's N, < gard to the
“All men are & % @ Opposition
honest,” or P & of Proposi-
that “No {:)xons, mz‘;y
man is hon- e made
est,” can be clear by con-
repelled by structing a
proving that diagram , —
¢ Some men such as is
are not ho- ¥ subcontraries O here shown:

(3). Now we have to consider the conversion of Propositions,—in regard
to which here 18 an aphorism.
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Aphorism XLIX.

The making the subjcet of a given proposition its Predicate, and the
Predicate its Subjeect, is called the conversion of the proposition.

(1). In tlus Section, of Formal Logic, we are concerned only with illa-
#ive conversion, smce such alone can be ascertained to be allowable by merc
inspection of the form of the proposition. To explan. That is called sun-
ple conversion, where the Subject and Predicate, of a given proposition, un-
altered, become the Predicate and Subject. For example ;— No lake
is fiery,” may be illatively converted into  Nothing fiery is a lake.”
‘Where no term undistributed in the exposita is distributed in the converse,
the ssmple Conversion is illative.  Hence E aud I may be simply converted
illatively , because, a Universal Negative, denoted by E, distributes both
terms; and a Particular Affirmative, denoted by I, distributes neither.
But since a Umiversal Affirmative, denoted by A, does not distribute the
Predicate, 1ts simple conversion 1s not illative ;—for, from knowing that
< Whatever 1s smoking is fiery,” we cannot know for certain that ¢ What-
ever is fiery 1s smoking;”’—for, 1n that case, we should have the term
“fiery,” which was not disinbuted in the exposita, distributed in the con.
verse. Hence when this has to be converted, haviﬁg limited the cxtension
of the word ¢ fiery,” we may lay down that * Some ficry things are smok-
ing;” and this is quite illative. This is called conversion by himitation [—or
per accidens.~] A Universal Negative, denoted by E, may thus be con-
verted also. But in the conversion of a Particular Negative, denote by O,
since, inasmuch as whether the [new] Subject be taken distributively or
not, the [new] Predicate, previously undistributed, becomes distiibuted,
such conversion cannot take place,—we must cease to regard the proposi-
tion as a negafwe, and must regard it as an affiimative with a negatiwe Pre-
dicate. Thus it becomes one denoted by I,—and then 1t may 1llatively be
simply converted. For Example:—“Some substances are not coloured,”
cannot be 1llatively converted into * Somé colomied things are not sub-
stances,”—because, in the latter case, the term  substances” is distributed,
while it was not distributed 1n the former. But, ceasing to regard the pro-
position as denying the predicate ¢ coloured,” and having changed the pro-
position from a negative to an affirmative by regarding it as affirming the
absence of colour, the proposition can be sitmply converted nto * Some
colourless things are substances. This 18 called Conversion by negation [or
by contraposition,—or, as we have rendered 1t, conversion by attaching the
negative to one or other of the terms,—wviz., in this case, to the predicate of
the original, which then becomes the subject of the converse]. And this
can take place also in the case of a Universal Affirmative, denoted by A :—
e. g., “ All smoking things are fiery” may be illatively converted, by nega-
tion,—attaching a negative to each term,—into “What is not fiery is not
smoky.” And thus, 1n one or other of the three ways here described, every
proposition may be illatively converted ;—viz., E and I simply ; A and E by
limitation s A and O by negation,—the negative being attached to one term 1
the case of O, and to both in the case of A.

(). Now have to set forth the nature of the Syllogism. In regard to
this, the author of the Veddnta-paribhdshé holds that the members of a Syl.
logism are ouly three, viz., the firsc three, or the last three, in the five-
merabered exposition. Although we agree with him, yet mn the presenf
Section we shall treat the Syllogism as consisting invariably of thosc thiee
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members of which the Conclusion comes last. A Syllogism is made up of
two parts ; that which is proved; and that by means of which it is proved ;—
for there 1s first exhibited, by the major and minor premises, a Reason [or
Middle Term] ascertamned to be distributed, and to be predicable of the
Minor Term ; and then there is set forth, in the Conclusion, something not
previously ascertained, but to be proved, and which can be obtained through
the force of the Reason aforesaid.

(8). And since Formal Liogic 1s concerned with the form of Syllogisms
alone, such syllogisms only are to be here employed as can be ascertained to
be conclusive or not, without enquiring 1nto the meaning of the words serv-
Ing as the predicate, the reason, and the subject, by a mere examination of
the form. For example ;—from the premises ¢ whatever possesses the Rea-
son, possesses what 1s to be proved ;—and this Subject possesses the Rea-
son ;’—the conclusion that ¢ This Subject possesses what 1s to be proved’
necessarily follows, whatever things be meant by the words ¢ Subject,”” “ what
18 to be proved,” and ¢ Reason,” as they stand there. To a form like this
the other forms of correct argument are ultimately reducible.

(4). Now, when the premises of a perfectly valid syllogism are false, 1t
does not necessarily follow that the conclusion resulting from their combi-
nation shall be false. And where either of the premises1s only probadle,
there we can infer only a probable conclusion. To exemplify the former
case ,—suppose ‘‘ All men are honest,”—even from this false premiss, with
the co-operation of the other true premiss * R4ma is a man,” a true con-
clusion follows; while the equally true minor premiss ¢ Kansa 18 a man®
produces the false conclusion that ¢ Kansa 1s honest.” But wherever a
conclusion 1s found to be false, there one or other of the premises must
necessarly be false ; since, if they were true, the conclusion must necessa-
11ly be true,

(8). Ttisin accordance with this that the *indirect mode of proof”
(tarka) 1s frequently employed for establishing what we maintain, For an
indirect argument consists of a minor premiss taken along with a major pre-
miss, admitted by both disputants, which establishes the falsity of the con-
tradictory of what is mamtammed [—n other words the /ruth of what s
maintained]. For example, whosoever admits that “whatever smokes 1s
fiery,” and conversely “ whatever is not fiery does not smoke;” if he, ad-
mitting that the mountain is smoking, says that there is nof fire in the
mountain,—then, in order to refute him, an indirect argument 1s employ-
ed,—in the shape of the [palpably] false imputation of a Major [wiz.,
* smokeless”] by meaus of the false imputation of a Minor [vis., “fireless,”
—vwhich the opponent contends for] ;—thus, “If the mountain were fire-
less, then 1t would be smokeless ;* and hence, that the ﬁrelesspess 1s false,
1s proved by the falsity of the smokelessness,—since you admit that there
is smoke in the hill ’—and thereby 1t 1s determined that the mountain es

* The mdirect mode of proof 18 thrown by Hindd wnters into the hypothetical form, the
form 1n which 1t is employed m every day life. Euchd, after saymg, * Well, for the sake
of argument, let us suppose that you are right,—and now see what follows,”’~would have

exhibited the reasoning categoreally ;—thus

“¢ What 1s not fiery does not smoke, [—Agreed] :—
The mountam 1s not fiery, [—you msist] —
Therefore the mountain does not smoke, [—which,
However, you agree with me 1t does].”
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fiery ;—for, though, from a false assamption, it is not certain whether truth
or falsehood 'will follow, yet, from a true assumption, truth only can follow.

(6), Now, intending to explain the ground of the validity of such a
form of argument as * Whatever possesses the Reason possesses what 1s
to be proved ; this Subject possesses the Reason; therefore this Subject
possesses what 1s to be proved,”—Austotle employs the following maxum,
viz., “ Whatever is affirmed or demied universally, may in hke manner be
affirmed or denied of the particular cases incloded.”

(7). To facilitate the determnation of the vahdity of other syllogistic
forms, to which the maxim cannot be directly applied without inconvenience,
other rules are applied ;—as follows. '

"(8), Every syliogism has but three terms: viz., the minor-term, the ma-
jor-term, and the middle-term. Of these, the minor-term ( paksha) 1s the
Subject of the conclusion; the major-term ( sddhya) is the Predicate of
the conclusion ; the middle-term ( etu) 18 that, the relation of the major-
term to which is set forth in the major premss ( uddheranas), while its rela.
tion to the minor-term is set forth 1n the minor premiss ( upenaye). When
therefore one [middle-term] 1s predicated distributively, and another 1s
predicated of the minor-term, since the relation of the minor and major-
terms to one and the same middle-term has not been shown, the relation of
the minor and major terms to each other cannot be inferred.

(9). Hence every syllogism has only threc separate propositions; viz., 1st,
the major-premiss, which exhibits the relation between the Reason and,
what is to be proved, [ 1 e., between the middle and major terms]; 2ud,
the minor-premiss, which exhibits the relation between the Reason and the
Subject of the conclusion, [—i. ¢., between the middle and minor terms];
and 8rd the conclusion, which exhibits the relation of the minor and the
major terms. The Proposition and Reason, which are also reckoned by the
Naiy4yikas as members of the Syllogism, do not differ at all from the Con-
clusion and the Minor Premiss, [of which they are amplificatory repetitions,
like those in Euclid’s Elements, for rhetorical convemence®*].

(10). If the middle-term is ambiguous, then there may be more than one
middle-term expressed by a simgle sound. And this ambiguousness 1s some-
times occasioned by there being more senses then one. For example,—
“ All light (ruk,—which means also ‘ disease’”—) is the opposite of dark.
ness; and a fever isa disease; therefore it 1s the opposite of darkness.”
Sometimes, again, the cause of ambigmity is the middle-term’s standing
for only a part'of its whole significates :—e. g., ¢ White 1s a.colour; and
black 1s a colour ; therefore white 1s black’” :—heie if all colours had been
understood, then, from the judgment that both white and black were all
colours, it would be established that black 1s white. But thig is not the
case [—that all colours were understood—], because the .Predicate of an
affirmative proposition does nof stand for the whole of its significates.
Therefore the middle-term must be distributed at least once 1n the body of
the Syllogism ; and fhis may take place 1n two ways, viz., through its be-
ing the Subject of a Universal ( whether affirmative or negative,) or 1ts be-
ing the Predicate of a Negative. And in this way, if the Subject or Pre-

> Any one who forgets that Rhetoric is “ an off-shoot of Logic,” and (—considered
scientifically, not with vulgar Jaxity ,—) 1s concerned about proviag, ss Logic 1s concerned

about énferring, must not expect to understand what 1s ssid above, See our £y
Tarka-sangraha. Ed, 2m},x¥,, 45, hove, version of the
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dicate of the conclusion has been compared to the whole of the middle-
term, and the other extreme has been compared to a part of it, [they
must have both been compared to the same, and consequently] the conclu-
sion will be vahd.

(11).  No term which was not distributed in one or other of the pre-
mises, must be distribuled in the conclusion, because, if a term which had
been employed 1n the premises 1n only a part of 1ts extent, were employed
in the Conclusion 1 the whole of 1ts extent, we should find that in reality
a fourth term had been introduced,—viz., by there being an élhicit process of
the major, or an zllicit process of the wminor. An 1llicit process of the major
1s as follows :—e. g., ** All quadrupeds are animals; a bird 1s not a quad-
ruped ; therefore 1tis not an ammal.,” In this argument the term *am-
mals,” in the major premiss, does not include @il animals, becanse 1t
is the Predicate of an Affirmative Proposition ; but, in the conclusion,
1t does include all ammals, because 1t 1s the Predicate of a Negafwe
Proposition. An dllicit process of the minor is as follows :—% What is
declared 1n the scriptures of the Baunddhas is unworthy of respect; mo-
rals are declared 1n the scriptures of the Bauddhbas; therefore morals are
unworthy of respect’” :~—for here there is an 1llicit process of the mindr, in
as much as, in the conelusion, 1t is asserted that morals universally are un-
worthy of respect; while, in the minor premiss, it is indisputable that the
term “ morals” applied only to Buddhistic morals. And hereit might
have been a vahd conclusion that some morals are undeserving of respect ; hut
in the case of 1llicit process of the major, no conclusion whatever can fol-
low legitimately from the premises;—such is the distinction between the
two cases.

(12). From two megative premises mothing follows; for in these there
isno declaration of a Subject possessing a character in respect of which
something is predicated distributively. Tor example,—nothing can be in-
ferred from such premises as “ Nothing aqueousis fiery, and nothing sto-
ny is flery.”

(18). If one or other of the premises be negative, oaly a negalive conclu-
swn can be legitimate ; for, the middle-term being known to disagree with
only one or other of the extremes, 1t 18 impossible that the extremes should
agree. In thesame way it is evident that where the conclusion is negative,
one of the premises must necessarily be negative.

(14). By these six rules all categorical syllogisms can be tried ; and
from these it is ewident that nothing can be inferred from two particular pre-
mises ; since then either the mddle-term will be undistributed, or else there
will be an illicit process of the minor or of the major. Thus if both pre-
mises were I, viz., particular afhirmatives, nothing would follow, because
the middle-term [ as well as the others ] wonld not be distributed ; and from
the combination of a major I, particular affirmative, with a minor O, parti.
cular negative, there results [ by the rule under § 187 a negative conclusion
and since, in this conclusiona term would be distributed which was not dis-
tributed in the premises, there would be an illieit process of the major. For
example ;—** Some animals are sagacious; some beasts are not sagacious;
therefore some beasts are not animals.” Here no term 1s distributed except
the predicate of the jninor premiss, viz.,  sagacious,” whieh, else we should
have an undistribpted middle, we must suppose to he the middle-term ; but,
in the conclusion, the'term ¢ animal” is distributed, which was not distri-
buted in the premises j—so that there is here an ilheit process of the major.
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For the same reason, if one of the Premises be particular, the . Conclusion
also must be particular. Thus, the exaxr{ple given above, viz., “ Whag
is declared in the scriptures of the Bauddhas is unworthy of respect; moralg
are declared in the scuiptures of the Bauddhas; therefore morals are unwor.
thy of respect;” since the term ¢ mpmls,” in th'e minor premuss, stands for
only some morals [—wiz., the Buddhistic—1], 1t is legitimate to infer, m the
conclusion, only that some moral rules are undeserving of respect : because
if the conclusion were universal, there would be an ilheit process of the m-
nor. Further, from two universal premises we cannot always infer a um.
versal conclusion. For example ; from ¢ All gold is precious; and all gold
is mineral;” we can 1nfer only that therefore some mimeral 1s precious,”
but not that ¢lf minerals are such; because, since e/l minerals are not in-
tended by the term * minetal” i the minor premiss, we cannot speak of
all minerals in the conclusion.

(16). Now we have to consider what forms [ or Moods ] are produced by
combining the four symbols, viz., A, E, I, O, which have been already exhi-
bited as serving to indicate whether propositions are Affirmative or Negative,
Universal or Particular, Well, by combining a major premiss of each of
these four kinds with a minor premiss of each of the four kinds, sixteen
different pawrs of premises are produced ; and on attaching to each of these
a conclusion of each of the four kinds, sixty-four different forms of syllo-
gism are obtained. Of these, eleven, which, under the conditions to be
described, are valid, shall be here treated of. But the other foims, which
are in every case invahd, may be tried by intelhgent readers for them-
selves [ by the rules under §§ 8—13].

(16). Among these [eleven allowable Moods] not all are allowable in
every situation of the Middle-term [with respect to the extremes], but
only certain of them 1in each. There are fhree positions of the Middle-
term. Where the Middle-term is the Subject of the Major Premiss and the
Predicate of the Minor Premss, that is the First Figure, [—or arrangement
of the middle-term]. Where the Middle-term is the Predicate of both pre-
mses, that is the Second [Figuye]. Where the Middle-term is the Subject
ot both premises, that is the Third [Figure]. A fourth Figure also, the
reverse of the First, is mentioned by some, but, [being, according to
‘Whately, * the most awkward and unnatural of all,” being the very reverse
of the First, and not being recogmsed by Arstotle at all,] shall not be
employed here. By knowing the Figure, we know only the situation of
the Middle-term, as subject or predicate ; but whether the propositions may
be Affirmative or Negative, and Unwersal or Particular, remains to be con-
sidered. The Major Piemiss is the proposition which declares the relation
of the Major Term to the Middle Term. The Minor Premiss is the propo-
sition which declares the relation of the Minor Term to the Middle Term.
The Conclusion is the proposition which declares the relation of the Minor
Term to the Major Term. Therefore, by a change of order [in the state-
ment of them], these do not change thqir character. Still, the established
arrangement, of placing the Major Premiss first, the Minor Premuss se-
cond, and the Conclusion last, as it1s the most convement, is to be
adhered to.

(17). We remarked that all the allowable Moods aye not legitimate in
every Figure. To explain. The Mood I A Iis allov&ble in the Third Fi-
gure :—thus, “ Some things that have the Reason have'what is to be proved;
whatever has the Reason 1s the Subject ; therefore in some cases the Sub-
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ject has what was to-be proved .”—but in the First Figure it is not allowable,
For example,—‘ Some things that have the Reason have what 1s to be prov.
ed ; whatever is the Subject has the Reason ; therefore 1n some cases the
Subject has what was to be proved :”—here the middle-term 1s not distri-
buted, for 1t1s the subject of the major-premiss [here a particular affirma-
tive], and the predicate of the [affirmative] minor-premiss. So, though
A B X 1 allowable 1n the Second Figure, thus—* Whatever has what is
to be proved has the Reason; nowhere has the Subject the Reason; there-
fore the Subject has not what was to be proved;” yet in the Fust Figure it
18 not allowable,—thus “Whatever has the Reason has what 1s to be proved ;
nowhere has the Subject the Reason ; therefore the Subject has nbt what was
to be proved ;”—for there is here an ilhicit process of the major,—the pre-
dicate of the conclusion being distributed, asit 1s the predicate of a nega-
tive proposition,—whereas it 1s not so 1n the major premiss, where 1t stands
as the predicate of an affirmative proposition. So agamm A A A is ullowable
in the First Figure,—thus, “ Whatever has the Reason has what is to be
established ; everywhere the Subject has the Reason; therefore everywhere
the Subject has what was to be established :’—but 1t is not allowable 1n the
Third Figure, —thus, “ Whatever has the Reason has what is to be estab-
lished ; whatever has the Reason 1s the Subject; therefore whacever 1s the
Subject has what is to be established ;” for there is here an illicit process of
the mnor, mnasmuch as the minor-term is not distributed 1n the mior pre-
mass of which 1t is the predicate, whereas it 18 distributed 1n the conclusion
by 1ts being the subject of a Umversal Affirmative,

(18). Now, on applying the sixty-four Moods above-mentioned to each
of the three Figures, six Moods alone in each are found to be admssible, as
not violating the above-mentioned six 1ules against the three faults of sllicit
process of the minor or major, and undistribuied middle; and of these e gh-
teen, four are neglected, 1n which a particular conclusion 1s drawn, when a
universal conclusion was allowable. These four are AAIand E A O m
the First Figure, and E A O and A E O in the Second Figure. And so, in
order to impress concisely and easily on the memory, which of the useful
Moods is legitimate 1n each Figure, and how each of the legitimate Moods
m the Second and Third Figures may be reduced to the First Figure, the
following mnemonic lines have been devised :—viz.,,—

Apkorism L.

Fig. 1. bArbArA, cElArEnt, dArlI, fErIOque, prioris.
Fig. 2. cEsArE, cAmEstrEs, fEstInO, bArOkO, secunda.
Fic. 8 gtertm dArAptl, dIsAmis, dAtIsI, tElAptOn,
®' 21 bOkArdO, fErIsO, habet—
Such are the available Moods in the several figures.

(1). The imtial consonants (b, ¢, d, and f, ) in the first verse, indicate
that the syllogistic fofms exhibited in the other verses, and named by words
beginning with the same consonants, can be reduced to the form of the
syllogism 1n the First Figure, named by a word beginning with the same
consonant. The letter ¢ informs us that when the syllogism isto be reduced
to the First Figure, the proposition indicated by the vowel 1mmediately pre-
ceding the s, is to be “simply converted.,” The letter p informs us that the
conversion is to be *per accidens” [or ¢ by limitation”]. The letter m in.
forms us that the premiscs are to be transposed, the Major Premiss becom-
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ing the Minor, and vice versA. The letter % informs us that the proposition,
denoted by the vowel immediately before 1t, must be left out, and the contra-
dictory of the Conclusion be snbstituted. The above lines are to be com-
mitted to memory by those who wish to distingwish the legitimate from the
illegitimate forms of argument. ] )

(2). Ou examining these technical lines, 1t will be perceived that the
Conclusion A 1s legitunate in the First Figure only ; negatives alone can be
proved in the Second Figure; and particulars alone 1 the Third Figure.
The reason why only negative conclusions are legitimate in the Second Fi.
gurc, 18, that, since the middle-term 1s the predicate in both premuss, it
would not b® distributed unless one or other of the premises were negative;
and if a premiss be negative, the Conclusion 1s necessarily negative.

(8). When we wish to reduce any legitimate syllogism to the form of
one of the four Moods of the First Figure, we are to assume nothing be-
yond the truth of the premises, and we are not to introduced any new term :
but, where necessary, 1t is allowable illatively to convert the premises, sim-
ply or by limitation ; and, this having been done, we can obtain, in the First
Figure, either the same couclusion as before, or another from which the
onginal conclusion follows by illative conversion.

(4). To simplify the understanding of this matter for the student, one
Mood in each Figure is given by way of example. E. g, in the First Fi-
gure, viz,, (b4r) “Every H1s S; (b4) Every Pis H; therefore (rd)
Every P is S; we mught have the following argument,—viz.,

¢ All that smokes is fiery;
¢ All mountains smoke; therefore
¢ All mountains are fiery.”

(5). In the Second Figure,—(cAm) “Every S is H; (Es) no P is H;
therefore ( trEs) no P 1s 8. Example,—

“ Whatever is fiery smokes ;
“ No mountain smokes ; therefore
¢ No mountamn 15 flery.”

(6). In the Third Figure,—~(dA) “Every His §; (rAp) every H is P;
therefore ( tI) some Ps are S. Example,—

“ Whatever smokes 18 fiery ;
“ Whatever smokes is a mountain ; therefore
“ Some mountains are fiery.”

(7’):};",‘0‘»‘ we have to show how syllogisms in the Second and Third
Figur ay be reduced torthe First Figure., Examples are exhibited
order to'retder this clear. E. g, dArAptl,

(dA) * All things smoling are fiery;
(rAp) All things smoling contain damp fuel j—therefore
(t1) Some things contaimng damp fuel are fiery ;”?
% a ' B
in such acase as this the letter p informs us that the proposition indicated
by t‘h(::,i:qmediately preceding A, the Universal Affirmative, the Minor pre-
miss, i§'to be converted per accidens [or by limitation] ; and thus the minor
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Premiss having become Particular, the argument appears as follows—

(dA) “ All things smoking are fiery ;
(rI) Some things containing damp fuel smoke ; therefore
(I) Some things containing damp fuel are fiery.”

Thus the argument is rednced to a mood of the First Figure [viz.,, d4 rII]
indicated by the imtial & [of d4rdpil].

8). And cAmEsirEs—

cAm) “ All things smoking are fiery;
(Es) No body of water is fiery ; therefore
(trEs) No body of water smokes” ,—

in such a case as this, we are informed by the letter s that the Universal
Negative, the Minor Premiss, denoted by the E, 1s to be sumply converfed,
~—s0 that 1t still remains denotable by E. Then by the letter m, standing
after the A which denotes the Universal Affirmative, the Major Premiss, we
are informed that the premises are to be transposed. The final s further m-
forms vs that the Conclusion is to be simply converted ; and previously to
converting it we get the followng—

(cE)  Nothing fiery is a body of water;
(IA) Whatever smokes 1s fiery ; therefore
(rEnt) Nothing that smokes 1s a body of water.”

Thus is this reduced to the mood ¢El4rEnt of the First Figure, as was
indicated by the initialletter ¢. The Conclusion may be illatively converted
into the orginal one by sumple conversion. '

(9). Now we must explam why 647040 and 50kArdO have & as their

initial consonant. It1s to indicate that they may be 1educed into the form
bArbArd. TFor example—

(bA) “Whatever smokes is fiery;
rOk) Some mountains are not fiery ; therefore
O) Some mountains.do not smoke” i—

—in such a case as this, the %, standing after the Particular Negative, the
Minor Premiss, informs us that, if the conclusion be denied,—1. e,, if 1ts
contradictory be asserted,—this Minor Premiss is to be thrown out, and
the cuniradiciory of the orginal Conclusion to be substituted in its room.
In the foregoing example the contradictory of the original conclusion is
“All mountains smoke,”’—which 1f any one assert, it follows that “A moun-

tains are flery,”—which contradicts the onginally admitted Minor Pre-
nuss :—thus—

(bAr} “Whatever smokes is fiery ;
(bA) All mountains smoke ; therefore
(rA) All mountains are fiery.”

(10). Bo of 50kdrdO—
(bOk) “ Some bodies of water are not fiery;

(Ar) All bodies of water contain the Vallisneria; therefore
(dO) Some things that contain the Vallisneria are not fiery.”’



56 SYNOPSIS OF SCIENCE.

In this case, in accordance with the pievious dircetions, having thiown
out the Major Premuss, let the contiadictory of the Conclusion be substi-
tuted ; and then the Conclusion will be opposed to the original Major Pre-
miss :—Thus—

(bAr) “All things that contain the Valhsneria arc fiery ;
(bA) All bodies of water contain the Vallisueria ; thercfore
(rA) All bodies of water are fiery.”

(11). This reduction is called ‘reductio ad absurdum,’ because thus the
person disputing the vahdity of a syllogism 10 Baroko or Bokardo 1s shown
to contradict a premiss which he had previously assented to.

(12). Let us now illustrate the way in which the enquiry as to the vali-
dity of a chain of argument may be properly conducted. As a simple case,
let us take the lst Prop. of Euclid. Euchd there asserts that a certain
triangle A B C is equilateral,—This asertion 1eally involves three several
assertions, viz. that the sude AC 1s equal to the side AB, BC=AB, and
AC=BC. The first of these assertions 1s proved as follows.—

All radii of the same circle are equal;
AC and AB are radn of the same circle ;—
Therefore AC and AB are equal.—

This is a syllogism 1n bArbArA, and is therefore logically valid.—Either
the conclusion must be accepted or one of the premises must be impugned.
Suppose the major is impugned, we make 1t our conclusion and proceed to
addnee premises in support of 1t; thus,—

The definitions of o science such as Geometry and the like must he
granted, if there is to be any reasoning on the subject at all ;}—

The eharacter of equality in 1ts radu is the Geometrical definition of a
circle ;—

Therefore the equality of the radii of a circle must be granted, if we are
to have any reasoning 1n Geometry at all,

This also is a Syllogism 1n bArbArA and logically valid. The propriety
-of the Major1s self endent ; and as for the Minor, Euclid has no debate
-with one who objects to what he places in the list of definitions prefixed to
his Elements.

Again, suppose that the Minor of the first syllogism is impugned, and
that the objector says it 18 not self evident that “AC and AB are radu of
the same circle ;” we reply as follows :—

If there 13 to be any argument at all, then wherever I require a circle
with a given centre and a given length of radius, there that circle maust be
allowed to exist ;— '

In the present instance I require a circle with the centre A, the radius
AB, and in'which AC shall be another radins j—

Therefore AC and AB are radn of the same circle.

Here =2gain the syllogism is valid, The Minor is self-evident, because
«each man 1s the authoritative enunciator of his own requirements. If you
do not admit the Major, then Euclid will not continue the discussion with
you; and, in order that yom may be aware of the terms on which he will
«consent o reason with you, he lays down, as one Postulate among others,

the right {0 assume a circle with any centre that he chooses and any length
of radius. '
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The equality of BC and AB is established in the same way. It remains
that we enquire what proof there is of the equality of AC and BC. Syllo-
gistically stated it is as follows,

All things which are equal to the same thing are equal to one another:
AC and BC are each equal to AB; Therefore AC and BC are equal.

Here again the syllogism 1s valid. The Minor has been already esta-
blished. The Major, in Euclid’s opinion, is self-evident ; and, in order to
intimate that he holds no debate with any one who asks a proof of that as-
sertion, he places 1t, at the opening of his Elements, 1n a list of what he him.
self holds to be Axioms, or truths wlich carry their own ewidence along
with them.

When a chain of arguments is tested in this way, then perbaps some-
times, on the opponent’s pointing out a defect 1n some particular argu-
ment, the proponent, being a logician, may surrender that argu-
ment. Or, on the other hand, some premss may occur, which the propo-
nent holds to be self-evident, while the opponent demands proof of it;
—s0 that since, on this alternative, he, regarding the thing as self-evident,
cannot himself exhibit progf of it, and since the opponent cannot be
satisfied without the exhibition thereof, everythng else that could be uttered
by the proponent must be mere hagghng and squabbling,—there is an end
of [what we have spoken of as the] Coaversation [of persons agreed upon
first principles]. So much for the subject of “ Conversation.”

Here ends the section on Inference. Well, in the commentary on the
third aphorism of the First Book, Testimony was stated to be evidence, as
bemg a kind of inference ; and 1n the seventh aphorism Testimony was
defined as the declaration of one worthy [to be believed]. We now men-

tion three quahties 1n a speaker which acquaint us with this worthiness in
him who bears testimony.

Szomon VI—TesTimony.
Aphorism LI.

The three marks of worthiness {1n him who bears testimony] are honesty,
the having directly cognized, and the power of distingmshing between
truth and falsehood.

(1). The meaning is this, The credit due to the words of the dishonest
is simply a matter of doubt. Further, even an honest man, if he did not
actually witness the thing, cannot certify to the truth of the matter. Far-
ther, even an honest man, though he may have actually witnessed the thing,
cannot tell the truth in regard to it, 1f he be incompetent to distingush
what 18 true and what is not true in the matter. Hence it is that the three
marks of trust worthiness above-mentioned are indispensable in the man
who testifies to any matter. So too this same is the mark of the trust-worthi-
ness of him who reports the testimony of others,—the matterth [1n respect
of which the testimony 18 given] being in that case e others’ declaration.

(2). Now we cite, for the purpose of making clear this subject, the
couplets 486—572 of the first chapter of Mr. Mun’s Mala-parikshd.

¢ It appears that the accounts of former events which are received by
tradition are sometimes deserving of credit, and sometimes not. For one
particular account appears to possess proof, and another, on examination,
appears to be destitute of proof. Hence in order to distinguish whether

I
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such and such a tale of ancient events deserves credit or not, let its speaific
character be conmdered. YVhen, where, from whose mouth did the story
spring » Of what character, and how numeious were 1ts first hearers? Was
1t committed to writing soon after it arose, or received by mere oral tradi-
tion from the ancients ? By examning these and such like characteristics
of a story, discerming persons will know whether 1t 1¢ true or false.

« But in order that my meammng on this subject may be clear, I will explain
1t at length to the best of my power. You know that there1s a great dif-
ference among men, arismg from a variety of causes, natural character,
place, time and the hhe. Some men are dull, ignorant, undiscerning,
without independence, devoid of knowledge, credulous and rude. And
others are lettered, clever, possessed of hnowledge, reflecting, of mdepen-
dent minds, free from credulity, and seekers after truth. And 1t 1s well
known 1n the world that the people of various countries, who were at first
sunk 1 1gnorance, have ultimately attained to eminence in knowledge, As
long as the people of any country are ignorant, so long does their power of
judgment contmue feeble. Hence such people do not properly understand
what stories are probable and supported by proof, and what (tales) are not
so. Whatever ancient account of former (events) they hear, they quickly
dink in with their ears¥ and beheve without examination. Rut when
the people of any country have become possessed of knowledge, their
discrimination mcreases esceedingly. Hence these persons, (being) clever,
are competent to Lest what stories are supported by, and what are destitute
of, proof, and so forth. Such persons, hearing any ancient story, do not
hastily believe it, but prove it in every way. Hence (1t was that) I said
that one (thing) to be ascertamed by those who are devoted to truth 1s, or
what character were the first hearers of the history,

« Further, 1t shonld be ascertained by those who seek to know the truth H
Who and of what character was the first narrator of the ancient occurrence ?
Here 1t should be seen whether he wasa good, wise, and disinteres-
ted man, acqueinted with history, or an interested and fraudulent person,
and so forth. For some of the narrators of ancient histories, (bemng) of
fraudulent disposition, invent, and tell unreal tales for selfish ends.

“ And it should be further ascertained at what fime and where such and
such a story arose, and when 1t was committed to wntmg. If any story,
without being commutted to writing, has for a gieat length of tume been
tuerely orally received from the men of old, 1t will ment suspicion, For the
narratives ot ancient events, when not commtted to writing, almost all un-
dergo further and forther alterations.

“T (will) now make plain by two illustrations what I have said in r
to the examination of ancient narratives,

“In former times the mighty Persian emperor, bringing a formidable ar-
my, invaded the country of Greece ¥ From that invasion, O Pandit, to
the present time, about two thousand three hundred years have elaps,ed.
The Greeks being fearless, though few, overcame 1n many battles the army

egard

* «This metaphor, though 1t sounds harsh in English, is quite admissible in krit.?

¥ ¢ The 1dea o¥ ths 1llustration has been derived from Mr, Tssac Tavler’s ables:r?a Jl;f;;a-
resting work “The Piocess of mstorreal proof explaned and exemplified,’ m which he
shews by a detaded exammation of the case of Herodotus,

what are the element
conditions of lustorieal credibaity. These tests are then applied to some of the Chlsus:ag
records.”
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of the foe, and expelled it from their country., At the time when the pow-
erful lord of Persia made (this) invasion, there was 1n the Grecian country
a certain child. That person, Herodotus by name, when he had attaiu-
ed to manhood, desired to narrate the true history of this war. Atthat
time many men (who were) witnesses of all the events of that great war,
were in existence. Having ascertained from the mouth of those witnesses the
particulars of the war, Herodotus composed its history in prose. At the
commencement of the book the history of the Persians and other foreign
people 18 narrated by the author. From a desire to know the history of
those foreign nations he, being distinguished by great actinity, travelled
about even 1n distant foreign lands ; and collected from the lips of the
persons in those countries who were acquainted with history the ancient ac-
counts of cach.

“When the composition of his history was finished, 1t was recited in some
of the assemblies of the Greeks, Certain great games were ohserved in
that country, at which the Greeksof all countries always met. When the
people were on one occasion collected at these games, Herodotus repeated
his history to the whole assembly. Afterwards this scholar Herodotus,
desirous of repeating his work, came to a Giecian city called Athens.
That city was very renowned among the Grecian cities, and its inhabitants
were celebrated for their ability. And those citizens of Athens, occupying
the post of danger strove with great heroism to destroy their enemies. The
Atheman atizens being then collected in assembly, the author then agam
read 1n their presence the work composed by him. Many of those audi-
tors having been themselves soldiers had formerly fought aganst the Per-
sians at the fime when their country was 1nvaded. And the others, who
were children at the time of the country’s invaston, had repeatedly heard
the account of 1t from their fathers’ hips. Hence all the hearers too
knew before-hand the substance of the narrative which the historian then
read. And at that time those inhabitants of Athens were neither rude nor
undiscerning, nor ignorant. Many of them were clever, gifted with know-
ledge, discerning, of independent minds, not prone to credulity. Andit
is notorious 1n the world that even the common people of that city were
acute, and inquisitive. In presence of such people, collected in assembly,
Herodotus then read the account of the great war. It cannot therefore
seem to my understanding likely that he should have delivered an unreal
account to such instructed and clever people. In that country, Greece,
there were many districts, and the government of each district was sepa-~
rate. The people of those several districts, owing to this multiplicity of
governments, were jealous of each other, as persons acquainted with his-
tory know. Hence Herodotus could not in the least conceal any act of
valour which the people of any of the several districts had performed. But if
he had enlogized any of them m an exaggerated way, the people of the
other districts would certainly have found faolt with ham, Hence thereis
no doubt, O Pandit, that the history which he composed of that war 15 1n
every respect trustworthy. It is also completely ascertained that the
said history being composed at that period became then current, A suc-
cession of other authors assert the existence of the work from the time
of its composition continuously til now. And there is no doubt that these
authors who declare the existence of the work are themselves well known
and of ancient date. If you wish to test the details of all this, O Pandit,
there are many books on the subject which are easy to be had, And so
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the antiquity of the history composed by Herodotus to which I allude, is
ascertained. .

« T said that the part of Iis history in which he narrated the Persian war
is trustworthy. I said formerly that the ancient history of the kings of
Persia and other countries 1s told at the beginning of the book. And I said
that Herodotus traversing Persia and other foreign countries, diligently 1n-
vestigated their respective histories. But the foreign history which he
thus collected, from 1ts antiquity, and other causes, 1s not understood to
be very deserving of credit. He could not properly verify the old
stories which he heard from the lips of the people of those several coun-
tries. For he did not reside long there, and did not know thoroughly the pe-
cuharities of their people. And the stories which he heard from the mouth
of the men of those countries, frequently relate to very ancient occurren.
ces. Hence the foreign history which he related, is mostly not very trust-
worthy, from the events being unascertaned. And thus, O Pandit, the
celebrated book composed by Herodotus is divided by learned men acquain-
ied with ancient history into two parts. The learned regard as trust.
worthy the account which that sage gave in his book of the war in lus own
time. But the intelligent do not place the same confidence 1 the foreign
history which he narrated. 'The learned consider that though desirous of
telling the truth, he could not perfectly ascertain the former history of
foreign lands. )

“In order, Sir, that I may make this matter quite clear. I shall now give
another illustration of it. There was another famous Grecian scholar
named Platarch, a delightful writer on various subjects. It is ascer-
tained that from his time to the present day about 1800 years have elapsed.
He composed the histories of Roman and Grecian kings, generals, and
learned men previous to hisown time. Some of the kings and others
whose history he narrated lived a thousand years before him. But many
others of them lived on earth a short period before the author’s time. The
author could correctly ascertain the actions of the kings who lived a
little before him. Xor former scholars, contemporaries of those kings,
committed to writing many of their actions. But he could not ascertain
the real history of those very ancient kings whose story he told. For when
those ancient kings lived, there was no scholar skilled i the composition
of books. And if any poet afterwards celebrated thewr deeds, he from
exaggeration imvented much that was untrue in his poem. But such
poems narrating the deeds of kings were not committed to books for a very
long time, When Plutarch composed the story of those ancient kings,
there was no source for their history but (these) poems. Hence the history
of ancient kings extracted from poems, which Plutarch composed, is not
considered trustworthy.”

(8). Having thus described the three qualities in a trustworthy witness, as
connected with the question of the validity of Testimony, now since the em-
ployment of Inference and Testimony require the use of sentences, we state
the natnre of a sentence,—which pertains to Grammar,

Szomion VIL-—GrAaMMAR,
Aphorism LII.

A sentence is a particular sound, formed of the language of this or that
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country, which has the nature of a proposition, inasmuch asit is intend-
ed to communicate the relation between a subject and a predicate.

(1). But then a sentence 1s of tAree kinds, viz., a question, a command,
and a proposition ; why then do you say ‘ which has the nature of a pro-
position”? We reply,—Nay,—for questions and commands may be resolved
into propositions. For example, the question ¢ Why have you come *—is
equivalent to the proposition “I wish to know the cause of your comng ”
So again the command “ Go you away” 1s equivalent to the proposition
* Your going away is what I wish,”

(2). Thus all sentences, from their being intended to communicate the
relation between a subject and a predicate, have the nature of propositions ;
and the words of which they are composed have different names in conse-
quence of the difference of theiwr functions 1 the proposition. To explain,—
some words can denote subjects, others can predicates,—while some com-
municate the relation between the two ;—others indicate the conjunction nf
the things meant by words and sentences,—others are in themselves equi-
valent to sentences. How this diversity of function gives occasion for a
daversity in the names of words,—we proceed to remark.

Aphorism LIII.

Words are named in accordance with their functions.

(1), Let us show what names are given, in consequence of what func-
tions, to what words.

(2). A word that, as we please, can signify either a subject or a predi.
cate, is called a Noun ;—as “ cow,” ¢ Dittha,” &e.

(8). A word that, as we please, can stand as a predicate, or as a paré of
a subject, is called an Adjective ;—as “ white,” ¢ moveable,” &ec.

(4). A word that, as we please, can form either a subject or a predi-
cate,~~but which varies 1ts meaning with the person speaking,—is called a
pronoun ;—as “ I, “thou,” [and, according to the Sanskrit Gramman-
ans,] “east,” “south,” “upper,” “nether,” &c.

(5). A word which expresses the relation of the predicate and subject,
and also the predicate, is a verb ;—as “ sleeps,” ¢ goes,” ¢ stands,” &e.

(6). The other words are without inflection. They are of three sorts,
(1) conjunctions, (2) adverbs, and (3) interjections. Conjunctions are
“and,” &c. Adverbs are “slowly,” “swiftly,” &c. Interjections, which
are equivalent to sentences, inasmuch at they express wonder, joy, gruef, &c.,
are are ‘“‘aha,” “ah,” ¢oh,” &c.

(7). Now we state the origin of language.

Aplorism LIV.

The interjection 1s the root of the sentence.

(1). We mentioned ( under Aph. 53, § 6) that an interjection, such as
¢ Oh,” is a sentence in itself, since it expresses surprise, joy, grief, &ec.,
and it is this that is the root, or origin, of language. To explain, When a
healthy child, unable, as 1t is a suckling, to speak, instinctively cries on be-
ing pained by hunger, then his mother, understanding the cry as a sign of
hunger, gives m milk. This same crying is the earliest form of language.
Though the interjections *ah,” ¢ oh,” &c., are wholes, there 1s no mistak-
ing the subject in the above example, since the object of the [healthy
child’s] wish can be but one thing; but where the wish might have more
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than one subject, there the subject 18 not ascertained by a cry simply. For
example, when a child somewhat older than a suckhing cries m order to
obtamn something, then the object of his wish 1s not ascertained by the cry,
but it 1s only understood that he wants somelhzng. Therefore, being offered
food by his mother when he wants drink, or drink when he wants food,
percerving that his mother 1s not sure of the object of his desire, he indi-
cates the desired object by his hand, or lus look, &c. Here the thing which
18 pointed to 1s the subject of the proposition, and the desire 1s what 1s
predicated. Even the lower amimals can proceed thus far 1n the matter of
language. For example, when a dog, looking at a bone or a piece of flesh
in the hand of some one, wagging s tal, whines softly, then both Iis
desire and 1ts object are known. But there 1s tlus difference, that the
lower ammals make no further convention than this, while men can go much
further ; and thus in the case of the beasts there is but the commence-
ment of language,—but among men 1t is gradually extended and improved.

(2). Here ends the section on Language.

(3). Having thus explaed the nature of evidence, now with a view to
setting forth what may be thereby arrived at, we proceed to enounce the
things which 1t 1s desirable should be rmghtly known,

Aphorism LV,

Things which it is desirable should be rightly known are Number and
Magmtude ; Motion of the earth, &ec.; 1ts cause, viz., Force; Chemical
affections ; Physiological truths; Geology and Physical Geography ; Histo-
1y ; Political Economy ; Ethics; and Natural Theology.

(1). These subjects are to be expounded, 1n the sequel of this work, n
the above order of enunciation ; and the reason for that i1s this. That
which can be considered independently of the consideration of something
else, 18 to be first set forth ; and that which cannot be considered without
reference to another subject, must be expounded subsequently thereto.
For example, since Number and Magmtude, are common to all bodies, they
are not dependent on the consideration of Motion, Foree, Chemical affec-
tions, &c. ; therefore they are expounded antecedently to these. In the
consideration of Motion, Force, &c., on the other hand, the cousideration
of Number, is pre-supposed ; therefore their exposition takes place subse-
quently to that of Number ;—and so of the rest.

(2). Here ends the second Book of the Synopsis of Science,~the in-
vestigation of the nature of Evidence.
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SYNOPSISOFSCIENCE.
BOOKIIL

MaraEMATICS AND FORMAL ASTRONOMY.

INTRODUCTION.

(1). Now we shall consider Number and Maguitude, which stand first
in the list of topics at the end of the preceding Book, and also the Motion,
thereby measured, of the earth, &e.

(2). In the science of calculation, that branch which treats of determi-
nate numbers 18 called Arithmetic,

SectioNn I —ARITHMETIC AND LOGARITHMS

(3). The following 1s probably what suggested the employment of the
decimal notation.

Aphorism I.

Numbers are made to increase by tens probably because men have ten
fingers.

(1). Onlooking at an assemblage of objects,—say of men,—if the spee-
tator wishes to ascertain or to remember the number, he may use his fing-
ers as the means of notation. Let him hold up a finger for each man, and
give a name, “one,” *two,”’ “three,” and so on, to each finger. When
he has come to the last finger, he must begin a new set, and he must note
1n some way how many sets there were in all. It is probable that this was
the origin of the method of notation in general use, where the values of
the figures, in the successive places, increase by tens. If men had had
twelve fingers, the values of the figures would probably have been made
to increase by twelves.

(2). The rules for ealculation derived from this scicnce may be learned
from Bépd Deva’s treatises,

(3). The ordinary rules of computation are inconvenient when we have
to deal with very large numbers., In such cases we may make use of the
method of Logarithms, some account of which here follows.

Aphorism II,

By means of Liogarithms the processes of multiplication and division can
be reduced to those of addition and subtraction; and involution and the
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extraction of roots can be effected by a single multiplication or division.
(1). Take a set of numbers, each number exceeding the number pre.
ceding it by a given difference, and let the first number 1n the set be equal
to the given difference; as 1, 2, 3, 4, 5. &c., where the difference is 1.
Then take another set of numbers such that each 18 equal to twice or thrice
or any fixed number of times the one before 1t, the first number in the set
being equal to the multiplier, as 10, 100, 1000, 10000, &c., where the

multiplier is 10. Write the second set of numbers under the first set
thus

1 2 3 4 5 6 7
10, 100, 1000, 10000, 100000, 1000000, 10000000.

then the numbers in the upper line will be the Logarithms of those in the
lower, and the facts asserted 1n the Aphorism will be found true as follows.

(2). Take the sum of two of the naumbers in the upper hne, and there
will be found in the lower hne opposite that sum the product of the
numbers which stand i the lower line opposite to the numbers the sum of
which was taken. For example, of the two numbers 2 and 4 1n the upper
hine, the sum 18 6; and under 6 is found the number 1000000 ; and this is
eqx(x]al to the product of the numbers 100 and 10000, which stand beneath 2
and 4.

(8). Again, if you take the difference of two numbers standing in the
upper line, then you will find in the lower line, opposite that difference, the
quotient which anses by dividing the greater by the lesser of the nambers
standing under those the difference of wlich was taken. For example, the
difference of 6 and 4 is 2, and under 2 you will find 100, which is the quo-
tient of 1000000 divided by 10000, the two numbers standing under 6
and 4.

(4). Again, if you multiply or divide, by any number, one of the num-
bers 1n the upper hne, then you will find, under the number thus obiained,
the corresponding power or root of the number standing under the number
multiplied or divided. For example, multiply by 8 the number 2 in the
upper line, and under the product, 6, you will find 1000000, which is the
third power of 100, the number standing under 2.

(6). The logarithms of all the numbers from 1 up to many thousands
have been calculated and arranged mn tables, from which the logarithm of
any particular number can be readily ascertained.

Aplorism III.

Symbols of processes are employed for shortness.

(1). That 18 to say, certain signs are employed in order to make the
language of Arithmetic shorter. A cross placed between two numbers sig-
niiieﬁ:i that they are to be added together. Thus 24.4 means that 4 is to be
added to 2.

(2). Two parallel lines signify equality. Thus 24-4==6 means that 4 add-
ed to 2 is equal to 6.

(3). A single lne between two numbers signifies that the latter is tobe
subtracted from the former. Thus 6—2=4, i. e., s1x diminished by 2, is

equal to 4; and it is clear that no number except 6, diminished by 2, can be
equal to 4, ’
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(4). It often however becomes necessary to speak of something whichis
true, not of any one number only, but of allnumbers. For example, take
b and 2; their sum is 7, their difference is 8. If this sum and difference
be added together, we get 10, which 1s twice the greater of the two num-
bers first chosen. If from the sum we subtract the difference, we get 4,
which 18 twice the lesser of the twonumbers. The same thing will be found
to be true of any two numbers,

(5). Henceif we have two sealed bags of rupees, the one containing a
large number, and the other contaming a small number, both numbers be-
ing unknown to us, we can assert with certainty that the sum of the rupees
in both bags, added to the difference between the two, 18 equal to twice the
number of rapees containcd in the larger bag; and that the sum, dimimsh-
%d by the difference, 1s equal to twice the number of rupees in the smaller

agl

(6). Taking the letter a to represent the unknown number of rupees in
the larger bag, and & to represent the unknown number 1 the smaller bag,
we can assert that—

(a+b)+(e—b)=2a, and (a+b)—(a—0b)=2b.

(7). Such an employment of letters to denote quantities respecting
which we can make assertions without knowing what the quantities are, has
glven nse to the science of Algebra.

Szcmion II.—ALGEBRA.
Aphorism IV.

In Algebraical caleulations the results are not particular but general.

(1), In addition to the symbols already mentioned, the following are
constantly employed in algebraical notation. A cross placed diagonally
between two numbers signifies that they are to be multiplied together.
Thus axb means that the number denoted by &, whatever number 1t may
be, is to be multiplied by the number which 4 stands for. This may be al-
80 represented by writing the letters together, thus ad. If e=2, and 4=38,
then ab==6.

(2). When two letters are written, the one above a line and the other
below it, 1t 1s sigmified that the upper 1s to be divided by the lower. Thus

a

if a==6, and =2, then—=—=3.
b
(83). A number multiplied by itself, thus aa, is written thus a®. This is
called the square of a.

(4). If again multiplied by itself thus aaa, it is wnitten thus a®. This
is called the cube of a.

(5). The small figure written above the letter is called the index.
Aphrism V.

As the results of Algebraical operations are general, they furnish arith-
metical rules.

(1). For example:—when there are four pumbers, the first of which
contains the second exactly as many times as the third contains the fourth,
the four numbers are said to be in proportion. For example, let the four
numbers be represented by ¢ & ¢ and d; if 4 contawns & exactly as many
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times as ¢ contains &, then a & ¢ d are in proportion. Suppose that e con-

¢ ¢

tains b three fimes, then—=3, and also;—:?:; and, as things that are
b a ¢

equal to the same thing are equal to one another,—;:—;

(2). Again, as the equimultiples of equals are equal, multiplymng each
by bd, we get ad==bc; that is to say, the product of the first and fourth,
out of four numbers in proportion, is equal to the product of the second
and third, This s the foundation of the very useful rule called the Rule
of Three. In the Rule of Three, the first three terms of a proportion are
given, and we are required to find the fourth. After determining the or.
der of the terms from the conditions of the question, we multiply toge-
ther the second and third. The product, we know, is the same as the pro.
duct of the first and fourth, so that, in order to find the fourth, we have
only to divide the product by the first term.

Aphorism VI.

The application of algebraical proccsses enables us to make discoveries
respecting the properties of form such as would have been otherwise beyond
our reach.

(1)« We shall briefly indicate the way in which this application is made.
Suppose that we call an inch one,—then a line of two mnches will be repre-
sented by 2, a line of eight inches by 8, and a line of as many inches as
are signified by the letter @ will be represented by a. In like manner sur-
faces such as a parallelogram, and solids, such as a cube, ecan be represented
by letters; and by performing algebraical operations on thesc symbols,
new properties of the magmtudes are deduced.

(2). There are some relations of form however which cannot be deter-
mined by the use of signs representing numbers. For ezample, the rela.
tion of the angles at the base of an isosceles triangle. Such relations of
magnitude must be studied by the aid of hines, straight or curved ; and this
branch of the science of Quantity 1s entitled Geometry.

Szerion III.—GeomeTRY,

(8). Here a leading distinction among lines requires to be noticed at the
outset.

Aphorism VIF.

A straight line is one which never changes its direction. A curve line
is one which continually changes its direction, so that no two successive
points in it are in a straight line.

(1). Hence if a point in a curve coincides with a point in a straight line,
it is impossible that the next points should comncide.

(2). Iuthe Elements of Euchd, the text-book of elementary Geomet-
ry, which has been published in Sansknt by Pandit Bipd Deva, the only
curve line admitted is the circumference of the circle.

(8). The postulate on which Euchid’s reasonings are based is this, that
two ﬁgut:3§ are .equal, the one of which either exactly covers the other, or
can be divided into portions which, all taken together, will exactly cover it
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{4). Thus, in the fourth proposition of his first book, he infers that two
triangles are equal which have two sides and the contained angles respective-
ly equal, because the one triangle, 1f laid upon the other, must exactly
cover it,

{(5). But here a difficulty arose. We have already explained that if a
point in a curve coincide with a pont in straight hine, the next points n the
two lines canpot possibly coneide. Hence when we come to compare sur-
faces bounded by straight hunes with surfaces bounded by curved lines, we
may go on for ever sub-dividing the one or the other without being able to
bring about a coincidence of their boundaries.

(6). As it was of great importance to the advancement of Astronomy
and other sciences dependent upon the aid of Mathematies, that we should
be enabled to carry out the comparison of rectilinear with curvilinear sur-
faces and solids to any degree of nicety which might be requred, various
ingenious methods were invented during the two thousand years be-
tween the time of Euclid and the time of Newton.

(7). That which has superseded all the rest, the method of Newton,

improved by the notation of the German philosopher Leibnitz, is called the
Differential and Integral Calculus.

Srcrion IV.—TreE DirFERENTIAL AND INTEGRAL CArcunus.

(8). Inthe Lildvat{ of Bhdskara Achirya, the following question is
proposed. A peacock seated on the top of a pillar sees at some distance 2
snake, which tenants a hole at the foot of the milar, The snale, at
the sight of 1ts enemy, makes for its hole, and at the same instant the pea-
cock flies down in pursmit of it. The height of the pillar being given, and
the distance of the snake from the foot of 1t, and also the comparative speed
of the two amimals, it is required to determine the point at which the pea.
cock will pounce upon the snake.—Now this question cannot be solved with-
out the aid of the Caleulus. Bhiskara Achérya, percerving that there is a
pomnt at which the peacock will meet the snake if he fly down in a straight
line, assumes that he will fly in a straight hine, and proceeds to deduce the
consequences of the supposition. But if the peacock be not such a mathe-
matician as to know this point, he will direct his flight continually towards
the snake, and as the snake is continually changing its place, the direction.
of the peacock’s flight will continually change, and this, as previously stat-
ed, is the characteristic of a curved line. The determination of the curve
in question involves processes intelligible only to those who have attained to
some proficiency in the study of the Calculus.

(9). The solution of the following simpler case may be rendered intelligi-
ble to one who understands at least the common rules of Algebra.

(10). It has been ascertained by experiment that a body dropped from a
height falls towards the earth through rather more than 16 feet 1n the first
second, four times as much, or 64 feet, in two seconds, nine times as much,
or 144 feet, in three seconds, and so on,—the space increasing according to
the square of the time. A very little consideration of this fact must make
it apparent that the rate of falling never continues uniform for even the
smallest assignable portion of time; else, why should the rate, after having
been uniform for any period, become changed without the intervention of a
new cause ? Now the rate of motion is always estimated by the distance
gone over by some assumed umform motion, in a given time; and suppose
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we wish to know the rate at which the body was fulling exactly at the end
of the third sccond. The rate must be something greater than 1t was imme-
diately before, and something less than 1t was immedately afterwards. We
must here premise the first proposition of Newton’s Prencipia, which 1s as
follows,

Aphorism VIII,

« Quantities which tend towards equality, and of which the difference,
in the course of this approach, becomes less than any finite magmitude thas
can be assigned, must be ultimately equal.” _

(1). “1If this be denied, let them ultimately differ by a magnitude deno-
ted by D. Then the difference between them cannot become less than this
finite magnitude D, which 1s contrary to the hypothesis.”

(2). Now let us call 16 feet a measure; then the number of measures
through which the stone fallsin @ seconds is #°. Let us next suppose a
very small portion of time A, and let the position of the stone, which fell
from the point O, be A at the end of x seconds, B at the end of z4+4
seconds, C at the end of 242k seconds, &c. Then the values of the lines,
expressed in measures, are as follows :—

OA=22, OB=(z+A)%*, OC=(2+42%) %, &c. —O

‘Whence —A
AB=OB—OA=2h+h2=( 2w+h) h B
BC=0C—O0B=2h+3h"=(22+3% )k L
CD=0D—O0C=22/+5k=(245%) &, . D

(3). From this we see that in the successive small portions of time de-
noted by % the spaces traversed were 1n the ratio of 2exh,2wx3h, 22xbh, &c.

(4). Since, the greater the space fallen through, the greateris the
change of the rate, 1t follows that the smaller the space fallen through, the
smaller 1s the change of the rate; or in other words the mnearer does the
rate approach to the condition of umform motion.

(5). The smaller then we suppose A to be, the more nearly will the fore-
going expressions denote the uniform rate of motion at a given instant ; and,
according to the proposition quoted above, the expressions must ultimate-
1y coincide with the expression which we are in search of, if we carry the
dimmution of 4 to its extreme limit, or make 1t equal to nothing.

(6). Now when % is made equal to notlung, all the above expressions
become 22. So we find that the rate, at the end of any number of seconds,
is twice that number of measures.

(7). At the end therefore of three seconds when #=3, the stone, had its
motion suddenly become uniform, would have passed, in the course of the next
second, through 96 feet 5 for 2x3x16=06; whereas, in consequence of its
continual acceleration, it actually passes through 112 feet.

(8). The line OA, the length of which is here supposed to vary by suc-
cessive additions, is called a varable quantity.

{9). Vanable quantities, in this branch of enquiry, are represented by
the letters » y 2.
(10y The portions A B, B C, C D, by which the successive values of the

variable differ from each other, and which may be sapposed indefimtely
small, are called differentials.
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(11). The differential of @ is written thus dz; and, in like manner, those
of y and z dy and dz.

(12). The question which has been woiked oat above, would be proposed
in the Differential Calculus in the following shape, “If # vary umformly,
at what rate will 22 vary ©” We have seen that 1t will vary 2 # times as
fast; so thatif the differential of @ be d2 that of 2% 1s 22de.

(13). By comparing 2zdz with 2%, we arrive at the first rule for differ-
entiating, viz. “Multiply by the index, dimmish the index by unmity, and
multiply by the differential of the variable,”

(14) The following are examples of differentiation ;—d. 228, that is to
say the differential of the cube of 2, 18 equal to 82%dz; and again, d azt=—
dax®de.

(18). The coefficient, or multipher, of dz in these expressious is called
the dofferential coefficient.—Thus, 1 4azidz, the differential coefficient is
daxl.

(16). When the value of a quantity depends upon the particular value
of another variable quantity, the one quantity 1s said to be a funcition of
the other.

(17). Thus, the area of asquare, depending on the length of its side,
is sa1d to be a funclion of the side.

(18). The aum of the Dafferential Calculus 1s to determine the differen-
tial of any given function.

(19). The aim of the Integral Calculus is the converse of this, niz. to
ascertain the function from which a given differential has been derived.

(20). The first rule for mntegration 1s therefore the conveise of that for
differentiating,—viz. “ Add one to the index, divide by the 1ndex thus in-
creased, and by the differential of the variable.”

(21). By thus treating the differential 2zdz we recover the function z°.

(22). The symbol of integration [ or summation ] isalong shaped s,—

thus wadm=m2.

(28). Thusis the seclion on Number and Magnitude completed. Now
we have to consider, as next in order presenting itself, the Motion, mea-
sured thereby, of the Globe of the Harth, &c In the first place we have
to state the name of the science which has this for its object-matter.

Secrion V.—ForMaL AsTRONOMY.
Aphorism I

The science which expounds the Motions, regulated by Number and
Maguitude, of the Globe of the Earth, &c., 1s called Astronomy.

(1). Here by the “&c.”, we mean the planets, comets, and stars, Of
these, the Sun and stars shine by their own light, but the planets and
comets are opaque bodies and they shine by the hght of the Sun. Heuce,
as the moon changes her phases, so, we learn by the aid of the telescope,
do others, e. g., Venus.

(2). We state the form of the Earth.

Aphorism 1I.
The Earth is globular.
(1). A man onacursory view supposes thal the Earth is infinitely
spread out all around; but, considering that the Sun Moon and stars,
setting daily in the West, rise again undisturbedly in the East, he must soon
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infer that the Barth is not an infinite, but a finite mass, and that it abides
in the heavens without any material support. As Bhiskardchdrya puts it,
¢ On seeing the revolution of the constellations, we become aware that the
Earth is without any material support.” o

(2). It being thus proved that the Earth is finite, it can be proved that
the form of it is globular. A man standing n the equatorial regions, ob.
serves the constellations moving vertically towards the west, while the poles
rest on the horizon. As he advances towards the north, he observes the con.
stellations gradually declining towards the south from his zemith, and the
north pole rising above the horizon. Bhéskardchirya thus gives his opinion
to the same effect. ¢ In the equatorial regions, a man seesthe north and
“ south poles in the horizon, and the constellations, resting on the poles,
¢ revolving in the heavens at his zenith like a water wheel. ~As he advances
“ towards the north, he observes the constellations declining from his zemth
“and the north pole rising above the horizon.” )

(8). Thus, as the said observation cannot be accounted for without the
circularity of the Earth towards the south and north, the form of the Earth
is proved to be circular mn those directions. And a man standing on an
open plane sees from a distance the upper part of an object such as ahouse
&c., but the more he approaches the object, the more he secs of the lower
part of it. This fact cannot be accounted for without supposing that the
Earth 1s circular in every direction. Hence the ancients have affirmed that
the Earth is globular.

(4). As the determination of magnitude depends on form, having there.
fore declared the form of the Earth, we proceed to state 1ts magnitude.

Aphorism ITI.

The diameter of the Earth is in length 7900 miles.

(1). The method given by Bhéskardchdrya for finding the circumference
of the Earth is as follows. Find the degrees of latitude of a city, and also
that of another city due north of it; take the difference in degrees between
these two latitudes, and find then the fourth proportional to this number
of degrees, the distance between the cities in miles, and 860 degrees.
The result is the number of miles in the circumference of the Earth. Thus
the modern European Astronomers have ascertained, by a method which
involves the principle just mentioned, that there are 24,820 miles in the
circumference of the Earth.

(2). The circumference and consequently the diameter of the Earth be-
ing thus known, it is easy to ascertain the distance of the nearest heavenly

bodies, and their magnitude &c., by the aid of the parallax. We proceed
therefore to define the term parallax.

Aphorism IV,

Parallax is the difference between the two positions of an object cansed by
the difference between two positions of the observer.

(1). For instance, the line of sight of a man seated and observing the
top of a pillar upright before him, falls on a wall at a point higher than the
gillar; and that of the same man standing up will of-course fall on the wall

elow the former place. The distance between the two places where the
former and the latter lines fell is called the parallax, So again an observer
on the surface of the Earth sees a heavenly body, when notin the zenith,
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below the place where an observer at the centre of the Earth would see it.
The difference, in the concave of the heavens, between these two places, 18
called the parallax of that heavenly body. There 1s no parallax when the
heavenly body 1s 1n the zenith. The further it recedes from the zenith to-
wards the horizon, the greater 1s the parallax, till the body reaches the
horizon, where the parallax attains its extreme limit.

(2). Now, the distance of any heavenly body from the centre of the
Earth can be found by multiplying the radius of the Earth by the [trigono-
metrical] Radius, and dividing it by the sine of the horizontal parallax of
that body ; or the sine of the honzontal parallax can be found by dividing
the radius of the Earth by the distance. This operation is grounded on the
rules of Plane Trigonometry.

(8). Having thus explained the meaning of the term parallax, we shall
enounce the horizontal parallax and the distance first of the Moon,

Aphorism V.

The horizontal parallax of the Moon is something more than 57” 4”5 and
the Moon’s distance is 287,000 miles.

(1). That this 1 the distance of the Moon from the centre of the earth
can be easily found when we have determined the horizontal parallax. But
it 1s difficult to find the parallax by the way just mentioned, because, no
observer can go to the centre of the earth. For this reason, we are obhg-
ed to find the parallax by another method.

(). Suppose thereare two places, remote from each other, one in the
northern hemisphere and the other in the southern, under the same men-
dian, the latitude of both being known, Spectators sitnated at these two
places would see the zenith distance of the Moon at the same time when
she came to their meridian. Now, 1n the quadrilateral figure described by
the two radii of the earth at the spectators’ places, and the two wision-lines
from the spectators to the Moon, the angle contaned by the radii is known,
because, it 1s equal to the sum of the latitudes of the two places, and also
the two angles contained by the radii and the vision-lines are known, since
each of them is equal to 180° dimimshed by the zenith distance. The two
sides which are the radiiat the spectators’ places are also known. The
vertical diagonal which can be now easily found by the rules of Trigonome.
try, is the distance of the Moon. The distance of the Moon thus found
by daily observation, till the completion of its revolution, is found to vary.
Therefore having marked the different distances round the centre of the
earth, draw a hne joiming these marks, and this, which is the true path of
the Moon, will have the form of an ellipse. The mean distaunce of the
Moon from the centre of the earth, calculated from its true path just men-
tioned, is equal to 287,000 mules, and 1ts horizontal parallax, deduced from
its distance, 1s equal to 57" 4:17”.

(8). Now, a knowledge of the magnitude of the heavenly bodies being
dependent on that of their distance and the horizontal parallax, having de-
clared these in regard to the Moon, we proceed to speak of its magui«
tude.

Apkorism VI,

The diameter of the Moon is equal to 2154 miles.
(1). By the aid of the horizontal parallax of the Moon, it iseasy to
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find its diameter. It isevident that the diameter of the Moon must be the
same part of the diameter of the earth, that the disc of the Moon in mi-
nates seen from the earth is of that of the earth 1n munutes seen from the
Moon. The mean munutes in the disc of the Moon are equal to 81, and
the whole disc of the earth seen at the Moon would be equal to twice the
number of mmutes 1 the horizontal parallax of the Moon. Therefore by
taking twice the minutes in the horizontal parallax of the Moon, the diame-
ter of the earth, and the miautes in the disc of Moon, and finding a fourth
proportional to these, it can be proved that the diameter of the Moon is
equal to three elevenths of the diameter of the earth. Thus we know that
the mass of the Moon is equal to the forty-ninth part of that of the
earth.

(2). Having thus declared the horizontal parallax, the distance, and the
magnitude of the Moon, we now proceed to declare the horizontal parallax
and the distance of the Sun.

Aphorism VII

The horizontal parallax of the Sun is something more than 8:6”, and
its distance 95,000,000 miles. ) i

(1). The method beforc mentioned for finding the distance and the pa-
rallax of the Moon, though correct in principle, 13 not available for finding
those of the Sun, because a shght difference 1n the degrees of the zemth
distance determined by observation would cause a very great difference in
the distance of the Sun as determined by this method, 1n consequence of
the very great distance of the Sun. TFor this rcason, Astronomers deter-
mine the parallax of the Sun by means of the time which Venus takes in
traversing the Sun’s disc. The method is as follows,

(2). When Venus1sin inferior conjunction, and her latitude is very
small, at that time men observe her as a black dise, on the San’s disc. Now
if two spectators situated at the two extremities of the diameter of the
earth perpendicular to the echptic plane, see Venus at the same time, each
of them would see her 1 a different place on the Sun’s disc. Now, the
fourth proportional in the case of the distance between Venus and the
Earth, the Barth’s diameter, and the distance between Venus and the Sun,
is the space between the two marks on the Sun’s dise where Venus is seen
by the spectators. Therefore, thic space is two and a half times greater
than the diameter of the Earth, and conscquently five times greater than
the radius, because the distance between Venus and the Sun s so much
greater than the distance between the Earth and Venus, From this it
follows that spectators situated at the Sun would see 1n the heavens the half
of the Rarth’s discin minutes equal to the fifth part of the distance m
minutes between the two marks of Venus on the Sun’s dise. This is the
horizontal parallax of the Sun, and therefore the 5th part of the minutes
of the distance between the marks of Venus on the Sun’s dise would be the
exact horizontal parallax of the Sun. We now therefore proceed to give the
method for finding the minutes of the distance in question.

(3). Let each ohserver, having most carefully ascertained the time at
which he would see the centre of Venus immersed after 1ts entermg the
Sun’s dise, and having determined the true motion of the Sun and the re-
tarded motion of Venus, ascertan the space in minutes passed by the
relative motion of Venus in the determined time. The space will be in the
form of a chord in the disc of the Sun, Now, the minutes in the dise of
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the Sun are already known. Through these minutes, find the versed sines
of those chords, and the minutes which you will find in the diffeience of
these versed sines, are the minutes in the distance between those chords.
These are the minutes in the distance between the two spots of Venus,
Thus the distance hetween the two spots being known, the fifth part of 1t,
namely 8.75776 1s the exact horizontal parallax of the Sun. Through this
sathe method we can determine the exact horizontal parallax of the Moon,
by observing the time which she takes in causing the occulfation of any
star. The parallax of the Sun being known, 1t is easy to find his distauce
[v1z, 95,000,000 miles] by the aid of the method already mentioned.

(#) Now, being led by curiosity to inquire what is the magnitude of the
Sun which, though situated at such an immense distance, yet influences us
by 1ts great heat and light, we declare its magnitude.

Aphorism VIII,

The diameter of the Sun is 882,000 miles,

(1). By the aid of the micrometer, we get the mean magnitude of the
disc of the Sun equal to 82°.29”. Now, it is proved by an easy calcula-
tion of Trigonometry that an object which, standing at a distance of
95,000,000 miles, seems to be equal to 32°.29” must possess the breadth of
882,000 rmles, Hence the diameter of the Sunisas given above; and
thus modern astronomers have ascertuined that the Sun 1s 1,400,000 times
greater than the globe of the earth,

(2). A wisible displacement of the Sun and Moon is caused by 2 dis-
tauce between observers oqual to the diameter of the earth ; but no altera-
tion 1s caused in the visible places of the fixed stars by the same distance.
Now, if the earth revolved round the Sun, there might be a possibility of
noticing an alteration in the places of the stars, because the distance be-
tween the places of observation would then be very great, being equal to the
diameter of the orbit of the earth which is equal to twice the distance of the
Sun from the earth, or 190,000,000 miles. Let us first then speak of the
earth’s rcvolution.

Aphorism IX.

The earth, turning upon its axis in a day and night, performs one cireuit
round the Sun 1n the course of a year.

(1). Men mmagme that they daily cbserve the Sun Moon and stafs re-
volving round the earth, but this1s their error,—like the boys who errone-
ously think they sce the bank of a rwver move. As 4'rya Bhafta says—

“ An observer at the equator sees the fixed stars move to the west, as
¢ a man m a boat observes the fixed things moving backwards while he goes
¢ forward.”

(2). Though, by the supposed revolution of the Sun, his passing through
all the signs of the zodiac in a year may be accounted for, yet it can be
proved by the aid of Dynamies, as will be shown under that head, that it is
the earth that revolves round the Sun.

(3). The revolution of the earth about the Sun being settled, weare led
to enquire around what the other planets revolve; and we state as foj-
lows.

L
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Aphorism X.

The other planets also in like manner revolve about the Sun. '

(1). As the earth revolves about the Sun, so the other planets, Mercury,
Venus, &c., revolve about him. Among these the planet Mercury, which 1s
nearest to the Sun and possesses a diameter of 2050 muiles, revolves at the
distance of 86,770,000 miles from the Sun. Next beyond it, the planet Ve-
nus, possessing a diameter of 7700 mules, revolves at the distance 68,710,000
miles from the Sun. The earth comes next, revolvingat the distance of
95,000,000 miles, Nextin order the planet Mars, possessing a diameter
of 4100 miles, revolves at the distance of 144,750,000 mules from the Sun.
Modern astronomers have discovered 21 small planets revolving between
Mars and the next great planet Jupiter. Beyond these small planets, Jupi-
ter, having a diameter of 88,610 miles, revolves at the distance of 494,270,000
miles; and the planet Saturn, whose diameter is 75,000 mmles, revolves at
the distance of 906,190,000 miles, from the Sun. Saturn 1s surrounded by a
large ring divided 1nto two parts, which, however, cannot be seen without
a telescope. After this, a planet, possessinga diameter of 84,500 miles,
revolves at the distance of 1,822,330,000 miles. This planet, being discover-
ed by the astronomer Sir W. Herschel, 1s called Herschel, after 1ts disco-
verer. Beyond this, the planet Neptune, whose diameter is 87,500
miles, and which has been lately discovered, revolves at the distance of
2,854,000,000 miles from the Sun. Formerly only seven planets were
known, but now twenty-nine heavenly bodies arc reckoned as planets.
Many comets also circulate round the Sunin very elliptical orbits,

(2). Ifitbe asked about what the Moon revolves, which seems entitled
to the name of a planet, but which we have not reckoned amongst the pla-
nets, we reply.

Aphorism XI.

The Moon revolves about the earth, and for this reason it is called a sa-
tellite.

(1). As the planets Mercury &ec. revolve round the Sun, so the Moon
revolves round the earth. Now, modern astronomers technically give the
name of planet to those in the centre of whose orbits 1s the Sun, and the
name of satellite to those in the centre of whose orbits 1s a planet,

(2). As the earth has one satellite, let us enquire how many satelhtes,
if any, the other planets have ; and here we have to state as follows.

Aphorism XII.

Jupiter has four satel]ites, Saturn eight, Herschel six, and Neptune one.

(1). So much for the established fact that all the planets with their sa-
tellites circulate round the Sun.

(). The revolution of the earth round the Sun being established, we
state what may be inferred, regarding the distances of the fixed stars, from
a consideration of the distance between observers at opposite estremes of
the diameter of the earth’s orbit.
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Aphorism XIII.

The fixed stars are at a distance of more than twenty billions of miles
from the Sun and the earth.

(1). Had the parallax of any star been obtained equal to 1” it would
bave proved that the star 1s at the distance of 20 billions of miles; but the
parallax of none of the stars is found equal to even 1”. Therefore the dis.
tance of the stars from the Sun and the earth is more than 20 hillions of
miles. Since Iaght, as will be proved afterwards, travels at the rate of
192,000 miles per second, it follows that the light issuing from the fixed stars
reaches the earth after more than three years. Hence we infer that the
fixed star which we see now 1n any given place came to that place more
than three years ago.

(). The followg are other infcrences.

Aphorism XIV.

The fixed stars shine hike our Sun ; some of them are aslargeas he is, and
others larger and some smaller. As we see them like points, so our Sun
must appear, if viewed from there, of the same size ; and as the distance of
the nearest star from the Sun 1s 20 bilhons of miles, the distance of the -
numerable stars from each other may possibly esceed twenty billions of
miles. The Milky Way which we see 1n the heavens is only the light of a
multitude of fixed stars.

(1). They are ¢ mnumerable”. The number that we see with the nak-
ed eye, can be rechoned ; but those which become wvisible by the aid of the
telescope are innumerable. The astronomer Sir W. Herschel, with ks
telescope, observed more than 5000 stars in the space of a square degree.

(2). Here ends the Third Book of the Synopsis of Science,—the consi-
deration of Number, Magnitude, and Motion.
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BOOK IV,

Mecuanies.
Sgoron I,—Or THE cavses or Morion anp Rest.

(1), llaving, in the Third Book, considered actually existent Motions,
intending now to set forth the causes of Motion and Rest, we state the
name of the cause of Motion,

Aphorism 1.

The cause of Motion is called Force.
(1). Next we atate where this Force 13 lodged.

Aphoriam 11.

Force is lodged 1n Atoms, and in the Masses formed of these,

(1), Aloms? All the perceptible things in the world are made up of
parts. Among those parts, some [—viz,, those which are unsusceptible of
division—] are extremely minute, and are indestruetible by human power. A
piece of iron, for example, though a thousand times bruwised, broken,
melted by fire, or otherwise altered, can agan, by the reassembling of the
separate parts, be exhibited just as before. These most wminute parts are
called Atoms.

(2). Now we state the varieties of Force which belong to Atoms and to
the Masses formed of these.

Aphorism I,

They have three kinds of Force, viz., Attraction, Repulsion, and Iner-
tia.

(1). “They”,—i.e, Atoms and the Masses formed of them.

(2). Attraction? It1s found that the Atoms, whether separate or alrea-
dy jowned into Masses, tend towards all other atoms or masses,—as when
the atoms of any mass, such as a stone, are held together (by some influ.
ence which we know only by its effects] with a certain force; or when a
block of stone is similarly held down to the earth on which it lies; or when

the sea [in the flow of the tide] rises towards the moon, Let the cause of
these cfiects be called Atiraction.
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(8). Repulsion? Atoms, under certain circumstances,~—for cxample
when Heat 18 diffused among them,— have their mutual attraction resisted,
and they tend to separate,—as when 1ce heated melts 1nto water, or when
water heated expands into steam. Let the [Force which s the] cause of
these effects be called Repuision.

(4). Inertia? As a potter’s wheel, when made to revolve, at first offers
resistance to the force moving 1t, but gradually acquires speed proportioned
to that force, and then resists being again stopped—in proportion to its
speed, so all bodies and atoms appear to have, in regard to motion or rest,
a stubbornness, [or power of remstance], tending to keep them in their exis-
ting state whether of motion or of rest. Let tins property be called Inertia.

(). Now we have to see how the enquiry mnto Atoms and thewr mutual
Attraction, &c., 1s to throw light on the nature of the matenal universe ;
and we proceed in the first place to declare as follows,

Aphorism IV,

The sensible universe is formed of Atoms.

1). As before mentioned, a plece of metal, after having been bruiscd
and broken and dissolved and altered 1n a thousaud wags, can be alwayy
recovered as perfect as at first. Although this 1s not the case with thmgs
that are organized,—as the leaves of trees or the feathers of birds,—for we
cannot restore to an organized structure the form that it had before,—jyet,
as we shall see when we come to the subject of Cheunstry, even when these
are burned, not a single Atom 1s teally lost.

(). Now we proceed to set forth the cxtreme minuteness of Atoms,

Aphorism V.

Atoms are inconceivably wminute,

(1). Gold leaves can be made so thin by hammering, that 860,000, lud
oue upon another, produce the thickness of a single inch. Evenn this
state also the leaves arc quite perfect and free from holes, because one of
them, laid upon any body, as in gilding, mahes the body appear as a gold-~
en thing. Stll thinner than this 1s the gold-coating of silver wires &e. ;
but still it cannot be proved that this thinness is equal to that of an atom.
If the wire be placed in nitnic acid, the siveris dissolved by the aad,
aund the gold coating remainslike a golden tube.

(2). The followers of the Nyfya hold that the magnitude of an Atom is
smaller than any magnitade [or positively small], so that the magnitude of
an Atom 1s no element 1n the magnitude of a combmnation of two Atoms,
because that which 1s produced from [the intenafying of] the small ought
to be still smaller [—as 1 the multiphication of fractions by fractious,—or
in the summation—as regards the positive 1esult—of minus quantities in
Algebra], We on the other hand [tor the most part] hold, that, although
they may be exceedingly small in comparison with the masses formed of
them, yct there is no reason, why they should not possess a determinate bulk
with reference to these,—so that the bulk of two Atoms may be twice the
bulk of one.

(3). A Xuropean philosopher, of the name of Boscovich, put forward a
theory that Atoms have no magunitude, and that they differ from mathe-
matical points only inasmuch as they have force [—in the shape of are-
pulsion, whuch sgcures to each atom its own range]. Although this hypo-
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thesis is not devoid of plausibility, yet 1t does not serve so well to explain
the varied phenomena of the material universe as the hypothesis followed
1 the present work.

(4). If 1t be asked,—why assert that Atoms occupy space, 1f they be so
inconceivably minute P—we declare as follows : —

Aphorism VI,

Bodies always occupy space.

(1) Bodies occupying alarge space, such as a large mass of cotton, &e.,
can be forced 1nto a small space, but they cannot be so compressed as to
occupy no space at all. This property of never ceasing to possess magni.
tude 13 called the Impenetrability of Matter,—a term implying that two
bodies cannot occupy exactly one and the same place at the same time. If
a glass tube, the bottom of which 1s open and the top closed by the thumb,
be pressed 1nto water, the water does not enter so as to fill 1t, because the air
in the tube does not so give way to the water ; but when the air 15 allowed to
escape by removing the thumb, the water, in the absence of the air, fills
the tube tothe level of the water around 1t. In the same way water doesnot
enter so as to fill any close vessel forced into 1t with the mouth downwards,
A lhighted taper floats and buins under a vessel though pressed very deep to
water with its mouth dowuwards, on account of the presence of air there.
Auother example of this fact 1s, that a man can sustain his life under a diving
bell.

(2). The particular force called Attraction is next to be defined.
Aphorism VII.

The force that leads to the conjunction of Atoms is called Attraction.

(1). That1s to say,—an Atow, or a mass, tends towards another Atom
Or mass.

(2). The particles of a stone &c. cohere.

(3). A stone without any support rests only on its reaching the Earth.

(4). Logs of wood, shups &c., floating 1n calm water, gradually approach
each other, and reman in countact.

(6). As men, villages, towns &e., stand in India, so do they on the side
of the globe opposite to India; and plummets also hang there towards ihe
centre of the Barth. DBut people there, like the reflection of a man in
water, stand with their feet towards us, Bhdskardchdrya in his Golddhydya
illustrates this as follows. ¢ This [globe of the Earth] is covered on every
part with multitudes of mountains, groves, towns, and monuments, as 1s
the ball of the Nauclea’s flower with 1ts multitudes of anthers. Each man,
wherever he stands, regards the Earth as being under him, and himself as
standing upon 1t :—therefore those that stand at the distance of a fourth
part of the circumference from one another mutually regard one another as
standing horizontally, and those that stand in the opposite hemisphere as
having their heads downmost [and formng antipodes], like the man and
hus reflected image at the margin of a piece of water ;—and thus those who
are [as regards our own position] placed horzontally or topsyturvy stand
there just as we do here.”

(6). It 1s in consequence of all the parts mutually attiacting and so
tending to a common centre that the Earth 15 spherical.

(7). In like manner when particles of mist coalesce into drops, those
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(8). Melted lead, allowed to 1ain down from an elevated sieve, by cool-
ing asit descends, retains the form of its hqmd drops. It 1sin this way
that the spherical small-shot used by sportsmen 1s made.

(9). Sohd masses, dropped even fiom an elevated place, do not assume
a spherical form; but those ina flmd state, assume it 1nvariably, Hence
we are led to conjecture that the Earth, the Moon, the Sumn, and tho
planets, all of which are spherical, must at some time have been to a certam
degree 1n a flmd state.

(10). But 1t may be asked,—f all things, being attracted towards the
centre of the Eaith, tend to 1t, why doesit appear that smoke ascends?
Because it 1s constrained, Smoke does not of 1ts own accord ascend; but
in reality the air near the Earth, being heavier, sinks below 1t and forees 1t
to rise, just as water causes a straw to rise which has been thiust to the
b ottom of 1t.

(11). The Moon, though 240,000 miles distant from the Earth, raises,
by her attraction, the water of the ocean under her, and thus occasions
what 1s called the #ide. The Sun, still further off, has a similar mfluence,
For this1eason, when the sun and moon act 1n the same line of direction [as
they do twice 1n each month], the tide1s greater [and 1s then called a spring-
tide].

(l]f&). Now we proceed to remark, that, though attraction acts even at
the greatest distances, yet 1t dimnishes by distance.

Aphorism VIII.

The attraction is greater the nearer the bodies are to cach other, as the
light of a lamp 1s more 1utense nearer the lamp than at a distance.

(1). ¢ Nearer the lamp” &c. As alamp placed in the middle of a box,
made of four boards of a toot square, 1lluminates 1t,—so when 1t 1s placed 1n
the middle of a box made of four boards of fwo feet square, 1t illuminates
that also. But as the sides of the second box contan four times as much
surface as those of the former, the light shines with only one fourth of the
intensity on each square foot of the second box,—the space equal to the
surface of each side 1n the former box. For this reason the second boxis
not so brightly illuminated as the former one., And, similarly, the less do
they attract each other, the greater the distance of bodies from each other,
in the same proportion as m the illumination of bodies by the lamp. And
consequently, 1if the attraction of one body for another at a certamn distance
be represented by unity, the attraction, whenthe bodies a1e situated at a
greater distance is equal to umty divided by thesquare of the distance. Thus,
calling the attraction at a yard’s distance ¢ One”, the attraction at two
yard’s distance will be a fourth part of that, at the distance of three yards
a mnth part, at the distance of four yards a sixteenth part, and so on.
It has been ascertained, by experimenting with a particular kind of balance,
that what weighs 1000 ouncesat the sea-shore, weighs 5 ounces less at the
top of a given mountain. It may be asked,—how is this experiment possi-
ble ?—when any thing is to be weighed, it is placed in one of the scales of
the balance and the measure of weight in the other :—if the thing whose
weight 1s to be measured weighs less at the top of the mountam, the measure
also will there weigh less on account of the same cause. Now this objection
applies only if 1t had been proposed to determine the point by means of the
are spherical. They lose their spherical form, of course, when they reach
the ground,
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common balance. Bat, iut order to determine the matter in question, we
cmploy the strang bow [—to serve as a spring-balance]. We hold the bow by
the nuddle, with 1ts estrenmties downwards, and attach a body which weighs
1000 ounces to the middle of the string. Then whatever amount of bend.
ing takes place at the sea-shore, the same amount does not occur at the top
of the mountan, but less than that. And the lugher the mountan, the
less the weight; for, the higher the mountain, the less is the bending of the
string ; and, to make the amount of bending the same as at the sca-shore, an
addition to the weight 1s necessary. On such data 1t 1s ascertained by cal-
culation that the body which weighs 1000 ounces at the earthy would weigh
only five ounces 1f removed to the distance of the Moon.

(2). In pouring water from some kinds of vessels [such as a mug] the
water does not at once fall vertically, but runs down along the inchned outside
of the vessel, in consequence of the attraction between this and the water,
Hence the difficulty of pouring from a vessel which has not a projecting hp.
It is 10 order to remove the water from the attraction of the vessel, that va-
rious vessels are furnished with spouts,—as 1t 15 case with the water-pots
of Hindg ascetics. When a vessel has not a spout, you may pour from 1t
without spilling, by leaning the lip of the vessel against arod of glass,
or the like, down which the hquid will readily run,—the attraction of the
rod then counteracting that of the vessel.

(8). Particles of water cohere among themselves in a degree which
causes small needles gently lad on the surface to float : the weight of the
needles is not sufficient to overcome the cohesion of the water-suiface. For
the same reason many hght 1sects can walk upon the surface of water
without being wetted.

(4). Between two plates of glass, or the like, standing mear to each
other with their lower edges in water, the water, attracted by them the more
strongly 1n proportion to their closeness, rses above the level of thaton
the outside. In the same way water, ik, or o1, coming m contact with
the edge of a book, 1s rapidly absorbed far inwards among the leaves,
and the wick of a lamp hfts the oil, to supply the flame, from two or three
inches below it.

(5). Now we proceed to explain the force called Repulsion.
Aphorism IX.

Repulsion is a force tending to separation.
(1). This force exhibits its effects when heat is diffused among the
atoms. Thus ice when heated becomes water, on account of the separa-

tion of its particles: and water, when further heated, becomes stcam. On
this point we proceed to declare as follows,

A phorism X,

The atoms are more or less close, according to the quantity of heat, pro-
ducing repulsion, among them ; and hence the forms of solid, hquid, and
aériform.

(1). Bat what is Heat? This question we will consider in the sequel.

(2). When a continued addition of heat is made to any body, the heat
gradually increases the mutual distance of the constituent atows, or, in other
words, dilates the body. A solid thusis at first enlarged and softened ;
then melted or fused, that is to say, reduced to the state of hiquid, as the
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cohesive attraction is overcome ; and lastly the atoms are repelled to still
greater distances, so that the substance is converted 1nto an elastic md or
air.  Abstraction of heat from such air causes a return of states 1n the re-
verse order Thus ice when heated becomes water, and water when further
heated becomes steam. The steam when cooled becomes water, as before,
and the water when cooled becomesice. Therefore 1t is ascertained that
ice, water, and steam, are three forms or states of the same substance.
Other substances are similarly affected by heat, but as some require more heat
to iquify them, and some less, 1t is thus that we find the existing variety of
solds, hquids, and airs.

(8). 1nthe Section on Heat we will explain the instruments employed
in determining the higher and lower degrees of heat.

(4). We have now to consider some pecularities of state which depend
on certain modifications of Attraction and Repulsion,

Aphorism XI.

Certain modifications of Attraction and Repulsion produce the peculiari-
ties of state called Crystaliine, Porous, Dense, Hard, Elastic, Brittle, Malle-
able, Ductile, and Tenacious.

(1). “Crystalhne” ? When various kinds of salts are dissolved in water,
and the water 1s then allowed slowly to evaporate, each salt assumes a pe-
cuhar form and no other. TFrom finding that certain substances thus1n-
variably assume a regular form, we infer that, at the time when a mass1s
beginning to be formed, the Atoms do not attract one another equally all
round, butthat the Attraction acts between certain sides or portions, thus
leading to the regular arrangement which we call the Crystalline.

(2). ““Porous”? Even among the particles of hard stones there are
vacant spaces. Hence a kind of sandstone, suitably shaped, serves to filter
water. Let the cause of 1ts beng fitted for this be called its Porosity.

(8). “Dense”? A cubic inch of mercury 1s nearly fourteen times hea-
vier than a cubic inch of water. It 1s inferred that a greater quantity of
Atoms exists 1n a given bulk of that which is the heavier. This 1s express-
ed by saying that the substance 1s more dense. When a body dilates or
contracts by the addition or abstraction of heat, its entire weight does not
change, because the quantity of its atoms does not change ; but the weight
of a given bulk of 1t, as a cubic inch, changes, because the quantity of
atoms in the cubic inch changes. The condition of a body in this respect
1s what 13 called i1ts Density.

(4). Hardness 1s measured generally by the circumstance of one body’s
being capable of scratching another. Thus diamond 1s reckoned the hardest
of known substances :—it cuts or scratches every other body, and 1t 15 gene-
rally polished by means of 1ts own dust.

(5). Elasticity is that which restores to its former position what had
been forcibly altered, as by bending.

(6). Brittleness 1sthe property of a body which, though hard, is eamly
broken. For example, glass scratches iron, so that 1t1s harder than iron,—
yet it 15 very easily broken. .

(7). Malleabihty is the property, belonging to gold &c., of being redu-
cible into thin leaves by hammering. )

(8). Ductility means the susceptibility, belonging to gold &ec., of being
drawn nto wire,

L
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(9). The property, by its possession of which in a high degiee, an iron
wire can support a very great weight fastened to 1ts end, but by the pos.
sesston of which m a low degree, onlva comparatively small weight can he
supported bv a leaden wire, 18 called Tenacity. Tenacity, differing 1p
degree in different substances, is most remarkably eharacteristic of 1ron.

(10). Now we proceed to explain the particular force called Inertia,

Aphorism XIT

That force which tends to prevent change either of motion or of rest, is
called Inertia.

(1). TInertia? As a potter’s wheel, when made to revolve, at first offers
resistance to the force moving 1t, but gradually acquires speed proportion.
ed to that force, so hikewise 1t resiste being again stopped. So a person
standing upright in a carriage falls backwaids when the carriage suddenly
moves forwards ; and the same person standing upright winlst the carnage1s
moving rapidly forwaid, falls forwards when the carriage snddenly stops.
So too 1t1s well known that, when a boat crossing a river sirihes agaiusg
the bauk, all the ignorant people who in their haste to get ashore have
stood up, fall forward towards the bank. Thus all bodies and atoms appear
to have, 1 regard to motion or rest, 4 stubboinness, tending to keep themn
m the ensting state whether of motion or of rest. Let the cause of this
be called Inertia.

(2). Now, with the view of explamning Monon and Rest, the prineipal
topics now under consideration, we first define the word Motion.

Aphorism XIIT,

Motion is the act which leads to the changing of place among bo-
dics.

(1). Ttis plain that, the absence of all motion s rest.

(2. Now, we procced to cxplain that the state of motion is as natural
as that of rest, 1 order to remove the vulgar opmion that the state of
rest 1s natural, but that that of motion 1s adseaititious.

Aphorism XIF,

Uniform straight motion is as nataurally permanent as rest.

(1). Naturally permanent means, capable of continuing permanently.

(2). AsRestis not removed without a enuse, so Motion also 1s neiv
ther decreased nor mcreased nor altered in 1ts direction without a cause.

(2). When an iron ball 1s rolled on the ground, if the ground be not
smooth, the motion 1s speedily destroyed. If the ground be smooth,
then the motion, Lemng less impeded, continues longer ; yet 1t 1s gradu~
ally destroyed by obstacles which caunot here be entirely removed. It s
ouly in the sky that we observe an entire absence of obstructions, and
there the motions of the planets go on uninterruptedly.

(4). An arrow, discharged horizontally at a mark, gradually bends
downwards to the esrth by which 1tis attracted, but, when the air 1s.
sull, 1t does not tend to change its course either to the right hand or to

the left :—were 1t not for this, no one could calculate upon taking a cor-’
rect aim,
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(8). A stone from a whirhng shng, the moment it is set at hberty,
darts off as straightly as an arrow from the bow string; and 118 ounly be«
cause of the great difficulty, even after long practice, of determining the
pomt of the circle from which 1t should depait, that 1t 1s so difficult to Lit
a mark with it.

(6). From such examples as that of the sling 1t is inferred that a body
moving 1n a circle1s constrained by some force which 1s contrary to 1ty
Inertia, as the stone of the shing, when 1t is whirling, 18 constrained by
the force of the hand which 1s opposed to 1ts Inertia.

(7). Now we state the direction 1n which metion takes place.

Aphorism XV,

Motion takes place in the direction of the action of the force.

(1). Thus aboat 1s carried to the Eastward by the Eastward flowing
current of the Ganges. When an additional force s applied in the
same direction, it causes the body to move wore rapidly n the same
direction, as when a boat tloating with the current of Ganges 1s urged
in the same direction by the wind also. When a force is directly oppos-
ed by an equal force, motion does not tshe place; so two bulls of
equal strength, opposing thetr heads with equal force, both maintain thew
giound, Whichever of two opposing foices 1s the greater, motion takes
place m the direction of that foice, with ar pidity dependent on the dif-
jerence ol the two forces ; as when a boat, wath a fair wind, sails up a-
gainst the current of the Ganges.

(2). Now we explan the particular case when two forces act neither
opposite directions, uor 1n the same.

Aphorism XVI,

If two forces act, upon abody, neither in the same direction nor in exact-
1y opposite directions, the hody will move 1n an ntermediate direction.

(1). Thus a boat impelled by oars across a river, and at the same time
acted upon by the current, moves nexther straight across, nor straight
down the river, but slantingly. Therefore the ferry-man, in order to
bring s boat the desired landing-place on the other side of a ra.
pid 11ver, calculating his own strength and that of the current, starts
from such a point up the stream that the landing-place may herightly be-
tween the direction of the current and the direction that he labours in,

(2). Now we state the particular result where two forces act continuously
upon a body, the one tending to carry 1t 1n the straight line, whilst the other
directs 1t towards a fixed point.

dphorism XVIF

If two forces act upon a body, by one of which 1t is projected in a straight
line, whilst by the other 1tis continually directed towards a fixed powt, the
result 1s Circular Motion.

{(1). Thus when a shing, with a stone, is put in motion, the stone, which
constantly seeks to move away, moves in a circle because it is restrained
towards the hand. If, 1n the rapid motion, the string brealk, or if it be let go
by the hand, then, since only one of the forces continues to act, the stone
will 8y off as 1f 1t had been thrown straight from the hand.
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(2). 8o also in an oil-mull, the ox, when driven, seeking to go forward
and prevented by the beam to which 1ts neck is yoked, moves 1n a eircle round
the mill. If he were quit of the yoke, he would probably move off from his
driver in a straight line,—his attempt to do this having conduced in the first
instance to the circular motion which he 1s confined to.

(8). Now we state the common and the particular appellations of the two
forces above mentioned.

Aphorism XVIII.

The force which draws abody towards a centre 1s called the centripetal
force. The force [of Inertia] i virtue of which 1t tends to recede from a centre
is called the centrifugal force. Together these two are called Central Forces.

(1). Phenomena exemphfying the centrifugal force are such as the
following.

(2). Bodies laid oun a whirling horizontal wheel, such as that used by
potters, are rapidly thrown off,

(3). In a band-mill, the grain, carriedround by the stone, travels out-
wards till 1t escapes as flour at the circamference.

(4). When a water-pot, filled with water, is whirled rapidly round by means
of a string fastened round 1ts neck, the centrifugal force prevents the water
from falling out even whilst the vessel 1s upside down.

(6). A man or a horsesuddenly changing his direction 10 running [as
when turning a corner at speed ], instinetively leans inwards or towards the new
direction, to counteract the centrifugal force that would throw him away from
it. An inanimate thing such as a carriage, 1n rapidly rounding a corner, for
want of such instinet, is apt to be overturned.

(6). When a wass of very soft clay is placed in the nddle of a potter’s
wheel rapidly revolving, the centrifugal force causes the clay to bulge out.

(7). Now we divide Motion.

Aphorism XIX.

Motion is twofold, straight and curved.

(1). Motion in one uniform direction is called straight ; as that of a fall-
ing body. Curved motion 1s other than this.

(). We may divide motion otherwise.

Aphorism XX

Motion is of two kinds, uniform and not uniform.
(1). = Motion is said to be uniform when equal spaces are moved over in
equal times ; and that which 1s not such is not uniform.

(2): In regard to motion of the latter hind, we have to remark as
follows.

Aphorism XXI.

Motion may be Retarded or Accelerated.

(1). Retarded motion 1s produced by some force acting continuously on
abody ina direction opposed to that which first put it in motion, and thus
gradually diminishing its veloaity. If you throw a stone vertically upwards,
the attraction of the Earth will gradually dimimsh ita velocity, till at length
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the upward motion ceases, and the stone begins to descend. The motion of
the stone downwards is the converse of what it was upwards., Here we
have Accelerated motion. For, when the stone, by falling through a cer-
famn space, acquired a certain velocity, 1t would move, in consequence of its
Inertia, through another equal space in an equal portion of time, without
thie application of any additional force :—but the force of the Baith's attrac-
tlondlb constantly acting upon 1t, and thus the velocity 1s constantly accele-
rated.

(2). When a boy lets a ball drop from his hand, he can catch 1t agamn
in the firt 1nstant; but after a little delay s hand pursues it 1 vain.

(8). When a mango fruit falls from a lofty branch, the eye can follow
it for a time, and mark the gradual acceleration of 1ts descent ; but soon,
from the ucreasing rapidity of 1ts fall, 1t 1s seen only as a shadowy line.

(4). Any flud faling from a reservoir forms a descending stream of
which the bulk diminishes, from above downwards, in the same proportion
as the veloaity of the particles increases. For example, 1n pouring molasses
or thick syrup, from a considerable height, the bully sluggish mass
which first escapes is reduced, before 1t reaches the bottom, to a small
thread; but the thread 1s moving proportionately faster, and it fills the re~
cewving vessel with surprising rapidity.

(6). Asthe veloaity of a falling body 1s accelerated by the attraction of
the Earth, a Light leaf ought to fall with the same velocity as a stone, be-
cause the accelerating influence of the Earth aflects alile the leaf and the
heavy stone; but 1t 1s on account of the mterference of the air that the leaf
does not fall rapidly. For the same 1eason, gold, when beaten into thin
leaf, does not fall rapidly, but floats in the air,

(6). A piece of paper, cut to the size of a1upee, and placed on the top
of 1t, reaches the ground along with the rupee, for the heavier body pre-
vents the air from impeding the fall of the lighter one,

(7). In a vessel from which the ar has been removed by an air-pump, a
rupee and a feather fall with equal rapidity.

(8). A stone thrown straight forward is gradually drawn downwards on
account of the Earth’s attraction. If the motion caused by the Earth’s
attraction were a umform motion, like that caused by the current of a river,
the stone, like the boat before referred to, would move in a slanting but
straight line. As the downward motion, however, is a continually accele-
rated motion, the stone must continually change its direction; or, in other
words, 1t must move 1n & curve, as we see1t do, The form of this curve s
more distinctly seen when water 1s spirted from a syringe.

(9). Now, since Motion both accelerated and retarded is exemphified in
the Pendulum, we, therefore, asit bears upon the matter in hand, give
a defimtion of the Pendulum.

Aphorism XXII.

The name of Pendulum is applicable to any body so suspended that it
may swing freely backwards and forwards.

(1). A common Pendulum consists of a ball suspended by a rod from a
fized point.

(2). A stone suspended by a string will serve to exemplify several of
the phenomena of the Pendulum, One of the most important of these is
the following.
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Aphorism XXIIT

The times of the vibrations of a Pendulum are [very ncarly] equal, whe-
ther 1t be moving much or httle.

(1). This may be shown by suspending a small weight from a peg by a
thread of 39 mches 1n length., When the weight is drawn to one side and
then set free, 1t will move backwards and forwards 1n equal spaces of time,
viz, 1 a second of time, whether it mahe a wide oscillation, as when first
set fiee, or a gradually smaller one.

(2). Itisin rehance on this property that the pendulum is employed to
measure time. A common clock 1s merely a pendulum, with wheel-work
attached to record the number of wibrations, and with a weight or spring
having force enough to counteract the retarding effects of friction and the
resistance of the air.

(8). Now we have to mention another property of the pendulum,
Aphorism XXIV.

The length a pendulum determines the time of its vibrations.
(1). The shorter the string of the pendulum, the more rapad isits oscilla-
tion ; and the longer the string the slower 1s the osaillation.

(2). Having fimshed this 1ucidental explanation, we revert to the con-
sideration of the characters of Motion.

Aplorism XXV,

Action and Reaction are equal and opposite.

(V. It is evident thatif no action or movement takes place among
bodies except 1n consequence of either Attraction or Repulsion, there must
always be at least two bodies concerned, and each must be attiacted or re-
pelled just as much as the other, although one will have less velocity than
the other, as 1t may be itself greater, or fixed to another mass.

(2). Thus, 1f a man in one boat pull at a rope attached to another, the
two boats will approach. The boat which he pulls will come, and the boat
i which he stands will go towards the other. If they be of equal size and
load, they will both move at the same rate; and if they be different, the
gmaller will move the faster, in whichever of them the man may be.

(8). A caunon, when fired, recoils with not less momentum in 1t than
the ball has ; but since the momentum in the cannon 1s diffused through a
greater mass, the veloaity 1s small, and easily cheched.

'(4). Wherra body in motion strikes upon another body, it meets with
resistance. The 1esistance of the body at rest will be equal to the blow
struck by the body in motion, and exactly opposed to it. ‘The operation of
this principle is most apparent 11 the case of elastic bodies.

(6). If an elastic ball be rolled along a smooth floor so as to meet a wall
perpendicularly, it will return on the same line. If the first motion be not in &
direction perpendicular to the wall, the reflected motion will diverge exactly
as much on the other side of the perpendicular. Thus, if, whilst standing
in the left-hand corner of a room, we throw the ball against the centre of
the opposite wall, the ball, in returning, will move towards the right-hand
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corner,—the angles on each side of the perpendicular being always equal.
In regard to this we state as follows.

Aphorism XXVI.

The angle of reflection is equal to the angle of incidence.

(1). Having thus shown how all the motions visible among bodies are
the effects of Attraction and Repulsion overcoming the Inertia of Atoms,
separate or conjomed, we mnow proceed to explain, by means of these
priuciples, the peculanties of rest and motion which depend on the solid
form of bodies.

Szcrion II.—Btaries anp Dywvamics or Sonips.

(2). Sohd is the term applied to a mass in which the mutual attraction
of the atoms 18 so strong that the mass may be moved ahout as one body
without the relative positions of the component parts bemng thereby dis-
turbed.

(3). We state a fact resulting from this character of solidity.
Aphorism XXVII.

Force, moving part of a solid, must affect the whole or break off the
part.

(1). An earthenware vessel may be suspended by 2 portion of its lip [ or
by 1ts handle], thus proving that the cohesion of the parts is stionger than
the weight of the vessel; but if an attempt be made to hift the vessel quich-
ly bv such a pare, the part may rise and leave the vessel belind, because then
the 1mertia 1s acting together with the weight to destroy the cohesion,

(2). We have to notice another fact resulting from the same character.

Aphorism XXVIII

In every mass, or system of connected masses, there is a point around which
all the parts balance each other; and tlus pontis called the Centre of Gravi-
ty [or of Inertia].

(1). Thus, it any uniforms rod be supported by its middle, like a weigh-
ing beam, the two ends will just balance each other. 1f equal weights be
hung at the extremities of the arms, the eqmbibrium will still continue. The
middle point in this case 1s called the centre of gravity; and there 1s sach a
pomnt 1n every mass.

(2). 'When this point is supported, the body does not fall. When this
point 18 not supported, the body falls tothat side on which the point s,
Thus the centre of gravity of a bar of wood of umiform thickness bemng at
the middle point, support this point on your finger and the bar will remanx
supported. Move the point to either side and the bar will fall on that side.

(8). A lme drawn perpendicularly to the surface of the earth from the
centre of gravity 15 called the hine of duection. A body remains standimg
when the hne of direction falls within the base.

(4). When people in a boat rise up, the centre of gravity of the whole,—
that is to say of the boat with is contents, 1s raised. A smaller inclination
of the boat to one side will then make the line of direction fall beyend the
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base, 1 which case the boat will be upsct. Passengers, therefore, ought
to avoid starting up.

(5). The centre of gravity of a sphere isthe centre of the sphere,
Wherever you place a spherical body of homogeneous material, on a hor.
zontal plane, the centre of gravity being vertically over the pont of contact,
the sphere will rest. On the other hand, if you place the sphere on a slope,
the point of contact not being vertically under the centre of gravity, the
body will roll down.

(6). The centre of gravity of a body 1s not necessarily within the body
itself. 1In a rng, of iron for instance, the centre of gravity 1s somewhere
within the hollow 1n the midst. The method of finding 1t [1n such a case] 1s
as follows. Suspend the ring successively from two several ponts, and tie
two threads across in 1t the direction of the two vertical lines of suspension,
The centre of granity of the ring is where the two threads intersect each other.
For, if you support the point of intersection, the rinug will be balanced.

(7). On these properties of matter, and laws of motion, which we have
described, depends the operation of numerous machines which have been
contrived for the saving of human labour.

(8). Here we must state another fact dependent on solidity.

Aphorism XXIX,

In a body mowing about an axis, as a wheel or a weighing beam, the
different parts have different velocities, according to their respective dis-
tances from the axis or centre.

(1). This fact becomes apparent on looking at a potter’s wheel revolving,
Thus a piece of soft clay, placed on the rim of the wheel, pusses over, in one
revolution, twice the space traversed by another piece placed midway be-
tween the centre and the circumference,

(2). We now state another result of solidity.

Aphorism XXX,

Forces, with different speed, may be made to balance one another, if they
be connected by some solid medium 1n such a manner that the speed of the
smaller shall be greater, justin proportion to the greater intensity of the
other force.

(1). Upon this important truth the whole of Mechanics may be said to
hinge. On this depends the operation of the simple machines, or mecha-
nical powers, as they have been called,—the lever &c.,—which enable man to
adapt any species and speed of power which may be available, to almost any
work which he has to accomphsh.

(2). A lever 1s a 1181d rod of uniform thickness, made, we may sappose,
of wood, or metal.

(8). 1If the rod be placed with its centre resting on a support, which is
called the fulerum, the two arms of the lever will balance each other. If
equal weights be hung at the extremities of the arms, the equilibrinm wall still
continue. On this principle the common weighing balance is constructed.

(4). Tf the lever be supported not at the middle, but at such a point that
the one arm shall be twice as long as the other, then the centre of granty
will be removed to the side of the longer arm; and a weight suspended from
the extremity of the longer arm will balance twice its weight suspended
from the extremity of the shorter arm. Therefore 1t is evident that if the
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arms of a weighing balance are uncqual in length, an imposition in the
weight of goods may be effected.

(5)- By moving the fulerum still nearcr to one end, a weight at the ca-
tremity of the longer arm may be made to balanee thiee tunes, four times,
five times its weight at the other end, and so on indefinitely ; and a small
addition tothe weight at the longer arm will enable it not merely to balance
but to rawse the larger weight., Thus a smgle person, by applyiug lus
strength at the longer end of a lever, 15 able to rawsc a weight which the
combiued force of several men could not move.

(6). Itis obvious that the extrewily of the longer arm must be moved
over a great space, 1n order to raise the extrenuty of the shorter arm through
a small space ; and thus, just as much as 18 gmined 11 power 18 lost in tie.
Tins applies not only to the lever but to all the mechamesal powers, It does
not follow, however, that these are useless, for, siuce we caunot augment
our stiength, those mstraments aie nghly useful which enable us to reduce
the reswstance or weight of any body to the level of our strength, at the ex-
peuse of a corresponding portion of time,

(7). Another great benefit 1esulting from the use of machinery, as alrea-
dy hinted, 1s this, that it enables us to take advantage of gratuitous forees,
such as the rushing of wind, or of water, or the expansie powee of steam,
When such forees perform our task, we have only to supermtend and regu.
late their operation

(8). Sowmuch for the mechanical characters of solid bodies.

(9).  In connection with this sabjeet we may here deelare somcthung re
garding the causes of those motions among the heavenly bodies, the des.
cription of which 1s the business of Formal Astronomy,

Secrion IlI.—Puysican Astronomy

(10). Furst, we proceed to explain the reason why the Moon revolie,
round the earth.

Aphorism XXXI.

The Moon revolves round the Xarth ou aceount of ics motal Ineriue and
the Earth’s attraction.

{1). “Oun account of its Inertia”. When we observe a man at o dis-
tance moving s hand, and a ball 1evolving round him, we do not see the
siring between las hand and the ball, but stil we conclude that there must
be something such as a string which conuects his hand and the ball. 1In
the same mauner, seeing the Moon’s circular motion, we infer that theie 1s
some other force which counteracts the straight motion due to her motal
Inertia; for circular motion cannot take place with one force only. This
other force is nothing else than the Earth’s attraction.

(2) If it be asked,—since, according to the law wlich was mentioned
betore, that all bodies attract cach other, the Moou also atiracts the Barth ;
why then does not the Earth revolve round the Moou ?—we 1eply, that, two
bodics, evolving in the heavens, which are conuected with each other, re-
volve round the common centre of gravity which lies fiom either of them at the
distance proportioned to their reciprocal masses, Tlus fact becomes manifest
on observing the mode of revolution of two balls attached to the extremities of
a rod whirled up 1to the air. The more one of them 1s gieater Lhan the other,
the more the common ceuntre of gravity hies ncar the greater, and thus when

N



90 SYNOP32S OF SCIENLE.

the common centre s in the larger mass, the smaller revolvesround the larger
wlilst Loth of them revolve round the common centre. Thus the Earth and
Moon, connected with each other by their mutual attraction, revolve round
their common centre of gravity which lies from each of them at the dis-
tance proportioned to themr reciprocal masses. But as the mass of the Earth
is 2 hundred times greater than that of the Moon, the common centre lies
within the mass of the Barth, and so the Moon revolves round the Earthk
whilst both are revolving round the common centre.

(8). Now, we state that this 1s the ease with other]planets also such as
the Earth &e.

Apkorism XXXII.

In like manner the planets, Mercury, the Earth &e., revolve round the
Sunp, in consequence of their Inertia and the attraction of the Sun.

(1). “In ke manner”:—As, when the Earth and the Moon revolve
round their common centre of gravity, the Moon revolves round the Earth,
on account of the Earth’s mass being much greater than the mass of the
Moon, so, when the Sun, the Earth and the other planets, Mercury &ec., re-
volveround their common centre of gravity, all the planets, the Earth &e.,
revolve round the San because the mass of the Sunis very much greater
than that of the whole of the planets, and consequently the commen cen-
tre of gravity lies within the mass of the Sun. In the same way we can ac-
count for the revolution of all the satelhites round their primary planets.

(2). We have next to eonsider the mechanieal properties pecuhar te
matter in the form of Ziguid.

Secrion IV.—Tag Pavsics or Liquips,
Hryproszarics avp HypropynaMics

From their deficiency of cohesion, hiquids cannot be maintaincd in
heaps. The wind raises water 1nto waves, but these arc :mmediately after-
wards destroyed by gravity, Thus:—

Aphorism XXXIIT.

Liquids always tend to have their surface level.

(1). As the particles of flmds gravitate independently, they press against
each other in every direction, not only downwards but upwards, and side-
ways, 'The pressure of fluids upwards, though it seems in direct opposition
to gravity, 1s & consequence of thewr pressure downwards.

(). When, for example, water is poured into a vessel with a spout, the
water in the spout rises to a level with that in the pot. The particles of
water at the bottom of the pot are pressed upon by the particles above
them ; they will yield to this pressure if there is any mode of making way
for the superior particles, and as they eannot descend, they will change
their direction and rise in the spout.

(3). Tor the same reason water may be conveyed to every part of a town,
if 1t be originally brought, by means of pipes, from a height superior to
any to which it is to be conveyed. Mauny of the aitics of Europe aie sup-
prlied with water in this way.

(4). We have already had occasion to mention the specific gravity of
buties s—well—
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Apkorism NXXIV,

Waier 1s cmployed as the standard for deterwining the comparative weight,
or specific gravity, of bodies.

(I) When we say that a substance is light or heavy, we speak com-
paratively. Thus chalk 1s light when compared with iron, and heavy when
compared with wood.

(2). The compuarative weight or specific gravity of a body is ascertained
by weighing 1t first 10 air and afterwards in water,

(8). A piece of gold will displace just as much water as is equal to its
own bulk ; so that a cubic inch of water must make way for a cubic inch
of gold. The gold will weigh less in water than 1t did out of it, on account
of the upward pressurc of the particles of the water. Now supposing that
a piece of gold weighed nineteen ounces cut of the water, and lost one
ounce by being weighed 1in water, the quantity of water which it displaces
must weigh that one ounce : consequently gold must be nmeteen times as
heavy as water.

(4). If the body under trial be of the same weight as the water 1n which
it is immersed, it will be wholly supported by it, as was the water the place
of which it occupics. Thus a body placed 1n water rests when it bas dis-
placed a quantity of water equal in weight to the weight of the body ; but
af the bulk of the body be less than that of its weight of water, as in the
case of a ball of clay, 1t will sink. If the ball of clay be formed into a hol-
low jar, then 1t wmill diwsplace a quantity of water morc than equal to it in
weight, and 1t will float.

(5). Thus a boat sinks the decper in the water ihe more it is loaded,
displacing just as much water as 1s equal to the whole weight ; so that cven
iton boats can be made to float. Steamboats on the Ganges arc made of
iron.

(6). In ascertaiming the specific gravity of a body highter than water, it
1s necessary to attach to it a body of known specific gravity sufficiently
heavy to sink it.

(7). Water, oil, milk, &c. are fluids which possess very little elasticity.
Such Auids are called liquids. Other fluids have a remarkable degree of
clasticity. Lt us mow consider, then, the physical properties of elasiic
flmds, or Airs.

Smcrion V.—Tas Puvsics of Enasrc Fruips.
PNsuMaTICS, OR ABROSTATICS AND AERODYNAMICS,
Aplorism XXXV.

The leading character in which air differs from such a fluid as water is ils
<lasticity.

(1). By the elasticity of air we mean its power of increasing or dimini«
shing m bulk, accordingly as it is less or more compressed.

§2). In consequence of its clasticily, air presses in all directions.

8). An important property, ir respect of which air resembles water, is
the following :

Aphorism XXXVI,

The air possesses weight.
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(1) The {vllowing are proofs of this fact.

() When we suck water through a straw, we do it by expanding the
chesl, this dmunwshes the compression of the air within our body, which
then no lunger connterbalances the piessure of the external air on the surs
face of the water, by which the water 13 consequently forced up the straw,

). The weight of asmall quantity of air may be ascertamed by ex-
hausting the air from a botile, by means of an air-pump, and waighing the
bottle thus emptied. If the mir be then re-admitted and the bottle be re-
weighed 1t will be found heavier. The difference 1s the weight of the air.

(4). In order to ascettain the spcoific gravity of air, we may employ a
bottle that holds six cubic mches. The weight of six cubic 1nches of water
will be found to be 1515 grams, and that of so much air  grans: so that
the weight of the water to that of air 18 about 800 to 1.

(8). For certam reasons 1t 1s supposed that the atmosphere 1s about 45
miles high. The weight of the upper portions causes the lower portions to
he more dense. At the top of a bigh mountain the air 18 so thin that con«
siderable difficulty s found 1n breathing there.

(6). The height of a mountamn may be estimated by means of an instru-
ment called a bdarometer, or measurer of the weight of the air.

(7). A barometer may be made thus. Tl with mercury a glass tube
ahout threc feet in length, and open only at one end. Then stopping the
open end with the finger, immerse 1t vertically in 2 cup containing mercury.
Part of the mercury which was in the tube now falls down into the cup,
leaving a vacant space in the upper part of the tube, to which the air canuot
gain access.—This space 1s therefore a perfeet vacunm ; and consequently
the mercury in the tube is relieved from the pressure of the atmosphere,
whilst that in the cup remains exposed toit. Therefore the pressure of the
air on the mereury in the cup supports that in the tube, and the mercury
will stand higher 1n the tube when and where the pressure of the atmosphere
is greater.

(8). The mercury in the barometer usually stands at the height of about
294 1nches. 'When the baromeier 1s carried up a hull, or to the top of a lngh
tower, the atmospheric pressure being diminished, the mercury sinks. By
means of numerous experiments it has been determined how many hundied
or thousand feet of additional elevation correspond to a fall of an 1nch, or
two inches, &c., of mercury in the tube, and thus 1t 1s that the instrument
can he employed for measuting the height of mountams.

(9). The mercury also sinks on the approach of a storm, so that it is of
great value for giving warning of an approaching stoim to ships at sea.

(10). The atmospheric pressure which sustans in a tube a column of
294 inches of mercury, ought to sustain a proportionately higher column of a
flud the specific gravity of which 1s less.—The specific gravity of mercury
as compared with water is 184, Multiplying this by 294, the number of
mches of mercury, we get somewhat more than 33 feet ; and accordingly,
on making the experiment, we find that the atmospheric pressure sustains a
column of water of above 83 feet 1n height.

(). The rclative speaific gravity of two fluids which, like mercury and
water, are not disposed to mix with each other, may be determined by the
followimg method. Place a glass tube, curved hike the goad of an elephant,
with the ends of the hmbs uppermost, and pour into it so much of each of
the two fluids that their pomt of meeting shall be the lowest point in the
curvatwe of the tube, Then the heights at which the two fluids stand in the
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respective limbs will be in the inverse ratio of their relative specific gravity.
Tor example, 1 such an arrangement, an ineh of mercury 1 the one branch
of the tube will be fouund to balance 13} inches of water 1 the other ;50 that
we conclude that mercory 1s 184 times as heavy as water.

(12).  When such a curved tube as we have just deseribed 1s reversed, 1t
is called a syphon. Such 1s the instrument deseribed by Bhdskara A'chd yu
in lus S“eromant Mitdkshara, 1w the chapter on machimes, where he says that
if we place one end of such a curved tube, of copper or some other matenal,
in a vessel full of water, the tube also being filled with water, and leave the
other end open outside the vessel, all the water in the vessel will flow out
through the tube.

(183). In the same way if you use the hollow stalk of a lotus, the flower
having been removed, a vessel of water may be emptied by 1t. Many -
genious machines are constructed on the principle of the syphon by conju-
rors and other artists.

(14). The action of the syphon depends upon the weight of the atwos-
phere. The column of water in the external limb being longer than that
the imb immersed in the vessel, 1s heavier also. When it begins to fall, «
vacnum would be formed 1n the upper part of the tube if the water in the
shorter imb were not immediately forced to ascend, by the pressure of the
atmosphere on the surface of the water 1n the vessel.

(15). As the air 1s the most common velicle of sound, though not the
only ouc, we may here treat of the subject ot Sound.

Secrion VI.—AcousTics
Aphorism XXXVII,

Sound is heard when any sudden shock or 1mpulse 1s given to the air, or
to any body which 1s mn contact, directly or indirectly, with the ear.

(1). Thus sound, as that of a bell, can be heard under water.

(2). Solid bodies also convey sound, as may be thus proved. Fasten a
string, by the middle, round a bar of iron, and raise the bar from the ground
by the two ends of the string, one end being held agaiust cach ear closed,
If the bar be then struck with another piece of iron, the sound will be con-
veyed to the ear by means of the strings in a much more perfect mauner
than 1f 1t had no other vehicle than the air.

(8). When a sonorous body, such as a bell, is struck, it 1s put into a state
of rapid vibration. This vibration 1t communicates to the air, and the wmr
communicates 1t to our ear, where it produces the sensation of sound,

(4). A bell rung in a vessel from which the air has been removed, gives
no sound.

(5). The tremulous motion given to the air by the nibration of a sonor.
ous body resembles in some measure the motion communicated to smooth
water when a stone is thrown mnto it. A stone throwninto smooth water,
first produces a small circular wave round the spot where the stone falls ; the
wave spreads, and gradually communicates its motion to the adjonng
waters, producing similar waves to a considerable extent.

(6). It requiies some time for the vibxations of the air to extend to any
distant spot. A washerman at some distance 1s seen to strike a mass of wet
clothes upon a stone some time before the sound of the blow is heard.
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Aphorism XXXVIIT

The velocity of sound 1 air is computed to Le at the ratc of 1142 feet m
a second.

(1). The nearly uniform velocity of sound enables us to cstimate the
distance of the object fiom which 1t proceeds.  If we do not hear the thund-
er tll half o mnute after we sce the lightning, we infer that the cloud 1s at
the distance of six miles and a balf,

Aplorism XXXIX.

An echo is produced when the aciial vibrations meet an obstacle.

(1) When the waves raised m a tank, by throwing a stone mnto it, meeg
the banlk, they are reflected. So an echo is produced when the acrial vib
rations meet with an obstacle having a hard and regular surface, such as a
wall or arock. The vibrations may thus be reflected back to the ear, and
produce the same sound a second time ; but the sound will then appear to
proceed from the object by which it is reflected ; just as the image reflected
by a mirror seems to the eye to be behind the mirror.

(2). If the vibrations fall perpendiculaily on the obstacle, they are re-
flected back in the same hine; 1f obhquely, the sound returns obliquely on
the other side of the perpendicular, the angle of reflection, in this case as
1n others, being equal to the angle of mcidence.

(3). 1In solids, liquids, and even airs, we have found that weight presents
Hself, as a result of Attraction. DBut in the great cause of Repulsion, viz.
Heat, though we find some properties which 1t has 1n common with the bo-
dies already ticated of, we do not find any enidence of weight.

(4). We proceed to treat of Heat, and of the other impondcrables,
Laght, &e.

Secrion VII,—Or Hear.
Aphorism XL.

Heat cannot be exhibited apart, nor be proved to have weight or inertia,
(1). Anron ball, by being heated, docs not gain 1n weight,

Aphorism XLI.
Heat diffuses itself among neighbouring bodies wuntil all have the samc
temperature.
(1). A heated iron ball, thrown into a vessel of water, becomes cooled
while the water becomes heated.

Aphorism XLII,

The inferior degrees of heat are denoted by the term cold.

(1). A man who has descended half way from the summit of a pass in
the Him4laya, exclaims— How warm the air is !”—while the man who has
just arrived at the same point from the plains, rejoins, * On the contrary—
how very cold!” The air feels hot or cold to each of these two because its
heat is greater or less than that of the air that he has left, Phus we learn
that Sensation is not a perfect criferion of Heat,
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(2). As these two men give opposite evidence, from their feelings, so n
man’s two hands may give opposite evidcnce 1u 1egard to the heat of 2 basiu
of water. Put your night hand mnto as cold water as you can procure, and
your left hand at the same time into as hot water as 1t can suffer, and, af
ter a little time, place both bands m a basin of tepid water. To the right
hand it will feel warm; and to the left hand cold. This shows still more
clearly that Fecling 1s not a trustworthy thermometer,

Aphorism XLIII.

Heat expands bodies, and hence any substance so circumstanced as to al-
low the expansion to be accurately measurcd, constitutesa Thermome-
ter.

(1). The common thermometer, or instrument for measuring the degrees
of heat, 15 a glass bulb filled with mercury or other fluid, and having a nai-
row tube rising from it, into which the fluid, on being expanded by heat,
ascends, and so marks the degroe of heat.

Aphorism XEIV

IIcat travels through different substances with different degrees of rapi.
dity.

(1). A burning match can be held till the flame comes near the fingers ;
but a metallic wie, 1f one end be put into the flame of a lamp, speedily be-
comes too hot to be held.

Aphorism XLV.

Heat travels also through space.

(1). It isthen called Radiant Heat. :

(2). Heat proceeds from a heated body, such as an iron ball, in straight
hines, and in all directions. The law of the equality of the angles of meci-
dence and reflection applies to these rays. 1f the rays proceeding in this
way from the Sun are recerved in a concave metallic marror, they will be
all reflected nto one pomnt, where the heat will be sufficient to set vanous
snbstances on fire. Two such mirrors facing each other may be soarranged at
opposite ends of a room that food placed in front of one of them shall be
cooked by a fire placed in front of the other.

(3). Itis through the radiation of heat, as explained in Book 2nd, that
bodues at night become cold and are bedewed. Advantage is taken of this
property, in Upper India, to freeze water duning the clear nights of the
eold weather. The 1ce is then stored up under-ground for use during the
hot weather. The vessels contaming the water to be frozen ae placed up-
on dry straw, wluch, not bemg a good conductor of heat, docs not allow
heat from the ground to replace that which 1s radiated fiom the water.

Aphorism XELVI.

Heat may be devcloped by friction.

(1). When bodics arc rubbed together they become heated. The fric-
tion of two pieccs of wood is sometimes employed for the purpose of pro-
curnng fire,
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(1). What 1s strongly heated gives out Inght. Iike Heat, Light, also,
1s imponderable, The agency of Inght m the pheuomena of vision is the
object of enquiry in the important department of science winch we proceed
next to treat of,

Secrion VIII —Oprics

In this science, bodies are divided into luminous, opague, and frans-
par:nt. A luminous body is one that shines by its own hight, as the sun, or
a lamp. Polished metal, thongh it shines, is not luminous, for 1t would be
dark 1f it did not 1ecerve hght from a luminous body. It belongs to the
class of opaque bodies which are neither luminous nor will allow the light
to pass through them. Transpareut bodies are those which allow the hght

to pass through them, such as glass and water, Transparent bodies are fre-
quently called Mediums,

Aphorism XLVII

Laght when emitted from a Jominous body is projected in straight linesin
cvery dnection .

(1). When the rays of light meet an opaque body, they me stopped
short m their course. The mterruption of the rays of light by the opaque
body occasions darkness on the opposite side of it. If this darkness fall up-
on a wall or the like, 1t forms a shadow,

(2). A shadow 1s not generally quite black, beecause it unaunally happens
that light from another body reaches the space where the shadow is
found, 1 which case the shadow is famter. This happensif the opaque bo-
dy be lighted by two lamps. If you extingmish one of them, the shadow will
be both deeper and more distiuct ; yet 1t will not be perfectly dark, becausc
it is still shghtly illumimated by light reflected from the walls of the room,
and other surrounding ohjects.

(8). If the luminous body be larger than the opaque body, the shadow
will gradually diminish in size till it terminate in a point. Thus the sha-
dow of the moon, 1n an annular echipse, terminates before it reaches the
eaith,

(4). If the luminous body be smaller than the opaque bady, the shadow
will continually increase in size as 1t 1s more distant from the object that

projects it. Thus the shadow of a man, thrown upon a wall by a lamp,
may be twenty feet high or more.

Aphorism XLVIII,

Light moves with great velocity.

(1), Iaght is about eight minutes and a half in 1ts passage from the suu
to the earth ; therefore, when the rays reach us, the sun has quitted the spot
he occupied on their departure ; yet we see him 1n the direction of those
rays, aud consequently in a situation which he had abandoned about eight
minutes and a half before.

(2). The rate of the velocity of light was discovered in the following
manner. We have already mentioned that the planet Jupiter is attended
by four moons, which are very frequently eclipsed. When the earth is be-
tween Jupiter and the sun, then the earth is nearver to Jupiter, and when
the sun is between the two, then the earth 1s further from Jupiter, by the
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distance of the diameter of the eartl’s orbit. Having ascertained exactly
the time of the occurrence of the cclipses when Jupiter is near the earth,
astronomers calculated, n accordance therewith, the time of many future
eclipses ; but 1t was found that, when the planet was at 1ts greatest distance,
the eclipses did not become wisible till about 16 minutes after the calculated
time. It was inferred that hight takes this amount of time to traverse the
earth’s orbit, and from this the veloceity of light was determined as fol-
lows.— As the sun’s distance from the earth 1s about ninety five millions of
miles, Jupiter, when at his greatest distance, must be a hundred and ninety
mlhions of miles further off than when he 1s at his least distance from the
earth ; and 1t follows that the velocity of light 1s nearly two hundred thou-
sand miles per second.

Aphorism XLIX

When rays of light encounter an opaque body, after being stopped short
they are mostly reflectad, as an elastic ball when flung aganst a wall.

(1). Here as n other cases, the angle of reflection is equal to the angle
of wecidence. Admnt a ray of the sun into a dark chamber by a very small
hole, and let the 1ay fall perpendicularly on a mirior. Only one ray will
be seen, for the mcadent and 1eflected rays are both in the same lne,
though in opposite directions. Hold the mirror so that the ray shall fall
obhiquely upon 1t, and the reflected 1ay will go off at the same angular dis.
tance on the other side of ihe perpendicular,

(). It 1s by reflected ravs alone that we see opague objects. Luminous
bodies send rays immediately to oar eyes; but the 1ays wliuch they seud to
other bodies are invimble to us, and wre seen only when reflected by those
bodies to our cyes. The path of the ray wlich we spohe of as falling on
the mirror, and reflected from 11, was discernible only by means of the light
reflected to the eye by small particles of dust floating m the air, on which
the ray shone in 1ts passage to and from the nnrror,

Aphorism L.

When light passes from one into another tiansparent medium, it 18 re-
fracted.

(1). In consequence of this, when partly immersed in water, a staff ap.
pears shortened if 1t is placed vertically, and whenit 1s placed obliquely the
part immersed appears to be bent and broken off from the part above the
water.

(2). From the phenomena of refraction it would appear that when a ray
of hght passes from air into water, it 1s more strongly attracted by the
water., If the ray fall perpendicularly on water, the attraction of the water
acts 1n the same direction as the course of the ray. But if 1t fall obliquely,
the water will attract 1t out of i1ts course, and make it proceed 1 a direction
more nearly vertical.

(8). 'The converse 15 the case with a ray of light lcaving a dense medium
and entering a thinner one,

(4). 'To show this,—place a silver coin at the bottom of a cup, and set it
so that the rim of the cup shall just intercept the rays of the sun or of a
lamp, and leave the coin in the shade. On filling the cup with water, the
rave heing refracted downwards, will illuminate the coin,

0
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(5). Again, having emptied the cup, replace the coin, and move backwards
till the rim of the cup shall lude the com. Then let the cup be filled with
water and the coin will become visible; for the rays reflected from the coin,
and not intercepted by the r11m of the vesscl, which pieviously passed above
the cye, being now refracted downwards, meet the eye.

(6). Tor the same reason the hottom of a clear stream or lake appears
more elevated than it really 1s. Ignorant boys, unable to swim, have lost
their lives by going to bathe wheie the water did not appear to them to be
deep.

(%) The rays coming from the sun or from a star when near the hon-
zon, are 1efracted downwards when they enter the atmosphere. The situa-
tion of the heavenly body 1n such circumstances therefore appears to be
lugher than 1t really is, for the eye perceives an object in the direction
which the ray coming from 1t takes at the mstant when 1t meets the eye.

(8). 'The rays coming from a body 1n the zenith are not refracted.—The

amount of refraction 1s greatest at the horizon, from which 1t gradually
dummshes towards the zemth., Hence at suniise the lower limb of the
sun 18 more aflected than the upper, and when the air 15 1endered more
scfractive by dawmp, the disk assumes a form approaching to that of an
ege.
g(9). In astronomical observations, allowance must be made for refrac-
iion. Tables of 1ts amount, at all poiuts between-the horizon, where 1t 1s
greatest, and the zenmth, where 1t ceases, have been constructed, aud aie
prnted m Astronomiecal treatises.

(10). In passing obliquely through a pane of glass, a ray of hight suffers
two refractions.  On cownng from the thinner ajr into the denser glass, the
relraction is towards a perpendicular to the inner surface of the glass. On
passing from the denser glass into the thinner air, the refraction is equally
away irom a perpendicular to the outer surface. The two refractions there-
fore, heing 1 contrary directions, produce nearly the same effect asif no
refraction had taken place.

(11). Dut thisis the case only when the two surfaces of the refracting
medium ave parallel to each other: 1f they are not, the two refractions may
Le made in the same direcuon. Thus when paiallel rays fall on a picce of
glass Laving a double convex surface, which 18 called a lens, that ray only s
perpendicular to the surface which falls 1 the dircction of the axis,—the asis
being the straight line passing through the centre of the lens and perpendi-
cular to both swifaces. All the other rays, meeting the surface obhquely,
are reflected toward that perpendicular. When the rays quit the glass at
the inner surface, they are again refracted towards the axis, by diverging
from the perpendicular at the point where they leave the glass. Thus the
whole eventually converge to a point belind the glass, called the Sfocus, at
about the distance of the radus of the sphere of which the surface of the
lens forms a portion.

(12). The sun’s rays may be collected -to a foens by alens which, when
used for this purpose, is called a burning-glass, and a picce of paper held
an the focus may be set on fire.

(13). A convex lens serves also as a magnifying glass.

(14). The reason of this as follows. An object at a distance from the
eye appears small, and what 1s near appears large. A small object is seen
with most didinctness, by a well constituted eye, when atthe distance of
abont five inchus.  If it be brought nearer, it appears larger, but less dis«
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tinct. This can easily be put to the test by holding the boolk at the distance
first mentioned, and then nearer to the eyc.

(15). The reason of the indistinctness in the latter case1sas follows.
In the fore-part of the eye there 1s a drop of pure hqmd m the shape of a
convex lens, the refractive power of which is such that rays diverging from
a small object at the distance of about five 1nches are readily brought by 1t
to a focus on the retina, where the concentration of rays produces distinect
wvision ; but the refractive power is not sufficient to bring to a focus on the
retina the 1ays diverging from a nearer ohject.

(16). When people grow old, the fluid which forms the lens begins to
dimunsh, and the convexity deereases, so that the letters of a hook at the
distance of five inches do not appear distinct to an old man. He sees more
duistinetly whea he holds the book at arm’s length.

(17). This defect 1n the sight may be remedied in some measure by the
use of convex spectacies, which cause the rays coming from any object to
converge so far, before reacling the eye, that the lens of the eye can effect
the rest,

(18). By interposing a very refractive lens, a small object may be
viewed distinctly when brought very near the eye; and 1t then appears to be
proportionately magmfied. Such a glass is called a microscope.

(19) A small convex lens mav be obtained by percing o small circular
hole 1 aslip of metal,4and introducing mto 1t a diop of water, which will
assume a spherical form on each side of the metal. Objects looked at
through this will appear magmfied.

(20). If alens be placed so as to fill up an aperture made in the window-
shutter of a darkened room, and a sheet of paper be held at a proper dis-
tance behind it, then the objects outside, trees, houses, men walling, &e,
will be represented of the paper. This arrangement 13 analogous to that
which exists m the eye.

(21). The operation of aconcave lens is the reverse of that of a convex
Iens. Objects seen through a concave lens are dimnished.

(22). 1In some young persons the lens of the cye 1s so highly convex that
the rays come to a focus before they 1each the retina.—From this focus the
rays proceed divergently, and consequently form a very confused image on
the retina. Such persons see an object distinctly ouly when very near
the eve.

(28). Short-sighted persons may enable themselves to see clearly at five
inches distance by placing a concave lens before the eye, m oider to -
crease the divergence of the rays.

(24). Short-mighted people may comfort themselves with the reflection
that their eyes, by the flattening of the lens, may begin to i1mprove, ata
time of lifc when the sight of other people s begmning to fail.

(25). There are other objects which, though notreally small, appear small
to us, from theiwr distance. In orderto see these distinctly, we employ a
Telescope.

(26). The simplest form of Telescope consists of a convex lens fixed at
the end of a tube, by which the rays from a distant object are made to con-
verge ; whilst the rays, before they come to a focus, are recewved on a con-
cave lens, which causes them to diverge so far as 18 necessary to give distinet
vision, The object is thus seen magnified, and appears as if 1t were brought
nearer.
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Aphorism LI.

A beam of whate light contains all the colours in nature.

(1). Holding a clear glass bottle full of water higher than his head, or
placing it on a support where a ray from the sun, coming into a darik room,
may fall uponit, let the observer place himself between the sun and the
bottle; then the various hues which appear 1n the rainbow, will all be exhi-
bited by the bottle. Let the bottle be raised or lowered until one of the
coloured rays appears; then let the bottle be gradually raised, or lowered,
and the other coloured rays will be seen 1n succession. Now how can such
a variety of colours 1ssue from clear water? The answeris this, that all
these coloured rays are contained 1n a ray of white ight. We must give
some explanation of this.

(2). Tt has been already raentioned that opaque bodies are seen by means
of the rays which they reflect. All objects do not reflect every portion of
the white ray. A body which reflects every portion appears white, That
which reflects none appears black.

(8). Along with the rays of hight, the heat that attends them is either
reflected or absorbed. Hence, 11 the sunshine, black clothes, which absorb
the rays, are warm ; and white clothes, which reflect them, are cool. Black
cloth, for the same reason, takes fire quickly when exposed to a burning
glass, but not so whate cloth.

(4). A body which reflects the red rays, appears red; that which retlects
the yellow rays appears yellow; and so 1n every case.

(6). The refrangibility of the coloured rays which make up white light
is not equal. The blue rays are more refrangible than the yellow, and these
than the red. This can be best shown by means of a'prism of glass.

(6). Let this be placed so that the ray of hight entering a dark chamber
by a small hole shall fall upon it, then the ray which first threw a white
hight on the opposite wall, will display the various colours of the ranbowg.
The refractions of the light, entering and qmitting a prism, are both in the
same direction, as in the case of a convex lens, and for the same reason;
but, as its sides are flat, the rays are not brought to a focus.

(7). If the coloured rays which have been separated by a prism are al-
lowed to fall upon a convex lens, they will converge to a focus, where they
will appear white as they did before refraction. Thus we can take a ray of
white light to pieces, and put it together again.

(8). The sun appears red through a fog, and also frequently at rising and
setting, because the red rays, being less refrangtble, reach our eyes, whilst
the more refrangible rays do not.

(9). The rainbow which exhibits a series of colours analogous to those of
the prismatic spectrum, is formed by the refraction of the sun’s raysin
their passage through a shower of rain, every drop of which acts as a prism,
in separating the coloured rays as they pass throngh it.

(10). As all the drops which are placed at the same angle as regards the
eye give the same colour, and the location of all the drops which are at
similar angular distances from the eye must be in a circle, the form of the
rainbow, of which we see only a portion, is necessarly circular.

(11). It was mentioned that friction may develope Heat and Light.

Another imponderable principle may be thus developed, which is termed
[Electricity or] Lightning,
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(12). Now, since what is fannliarly understood by the term Lightning
is merely a kind of light belonging to the clouds, 1 order to hint {hat in
the present discussion the term Lightning [or Electricity] 1s to be cmployed
m other senses also than that merely of such particalar hght, we declare
how ordinary Lightning and what we mean by Llectricity are identical.

Secrion IX.—Frnicrionarn Erscrrioity.
Aphorism LII,

Lightning is identical with the principle developed 1n amber by friction.

(1). When a prece of amber is rubbed with flannel, another phenomenon,
besides heat, becomes manifested ; for the amber then attracts light sub.
stances, such as chips of straw. If the piece of amber employed be very
large, then sparks, each accompanied by a crackling noise, appear when a
finger is presented to 1t, and a tingling sensation is experienced in the
finger. Asa drop of water resembles a large hody of water 1n all 1ts pe-
culiar properties,—differing ounly in quantity &c.,~—so0 1t 1s only 1n amount
that this spark, and crackhing, and panful sensation i the finger, differ
from a flash of hghtming, with its attendant peal of thunder, and its de-
struction of a person struck by it. We shall therefore m Sanskrit, for
convenlence of exposition, term this principle, wherever we find 1t, Light-
ning. In English 1t 1s termed Blectricity

Aplorism LIII.

Electricity, when in equilibrinm, 1s latent :—its powers become mani-
fested when the equilibrium s disturbed.

(1). Let us enumerate the puncipal maiks hy which we recognise Elce-
ti11c1ty when the equlibrium has been disturbed.

Aphorism LIV.

Electricity (1) gives light, (2) makes a noise in exploding, (3) attracts
and repels, (4) 1s conducted by metals, (5) moves swiftly, (6) reuds certamn
bodies in passing through them, (7) agitates or destroys animals, (8) fires
inflammable substances (9) melts metals ; &c.

(1). There are various processes which enable us to develope the cha-
racters here enumerated. For example, let a large stick of sealing-wax, or
resin, be rubbed briskly with a piece of flannel :—it will give out bright
sparks, with a snapping noise, when a finger 1s brought near it. Ve con-
clude from thus that the sealing-wax, or resin, has, by the fiiction of the
flannel, had 1ts electrical equlibrinm disturbed.

(2). Perhaps all bodies, by appropriate friction, can be brought into the
state of electrical disturbance; but this 1s more readily effected with some
[—termed consequently good electrics]—than with others. Glass is a good
electrie. Let a glass tube, [of about two fect long and two mmches m dia-
meter,] well warmed, be rubbed briskly with a silk cloth :—the glass tube,
like the resin, will give out sparks.

(8). Bat the case of the resin and that of the glass, as we shall find,
are not in all respects alike ;—{or—

+ From the greel word for amber, viz., Electron,
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Aplorism LV

The Electnc State of excited Resin is usually opposed to that of excited
Glt\SS.

(1). The differcnce of character 1s proved by the difference 1n the cflects
produced. For-example,—if a downy feather 1s held at some distance from
the exated glass-tube, the fibres of the feather will be attracted towaids the
tube, and the feather, when liberated, will rush to the glass. Ina shoit
time, however, the downy parts will be obseived to separate fiom each
other, and when the feather 1s charged with electricity, 1t will fly off nearly
as rapidly asit was attracted. Tho feather, when thus iepelled from the
tube, will not again approach, until 1t has parted with its charge of electr-
city ; and, to get nid of tlus, 1t will rush towards the hand, or towaids the
nearcst body that will 1eceive the electniesty. If, before the feather has had
an opportunmty of parting with the charge, the excited tnbe1s brought near,
then the feather 1s repelled further off, and it may in tlis way be chased
round the room, and kept suspended 1n the axr. Now, while the feather 1s
bewg repelled by the cxcted glass-tube, excite a stick of sealmg-wax, and
then the feather wlnch has been repelled by the glass will be attiacted
by the sealing-wax., Conversely, a feather first repelled by the sealing-wux
will be attracted by the glass,

(2). From phenomena such as this, some have inferred that there are
two opposite kinds of Electricity, to which they have given the names of
Resinoas and Vitreous, because the difference was first observed in the case
of Resin and Glass. Others hold that there 1s only one kind of Electricity,
which, like Heat, always tends to an equilibrium. When equally distribu-
ted, 1t remams at rest; but when unequally distributed, 1t manifests the
electric characters (—see Aph. 54) 1 its efforts to regain the state of equili-
brium. On this view, whieh we shall adopt as the simpler, the glass 18 po-
sitively electrified by the silk which surrenders part of 1ts electiicity during
the friction ; whereas the sealing-wax 1s negatwely electrified by the flannel
which abstracts part of the electricity from the sealing-wax, In either case
the electric flmd tends to regain 1ts equilibrium.

(8). In accordance with the tendency of electricity to an equlibrium,
we find that— .

Aphorism LVI.

Bodies similarly electrified repel each other, and bodies dissimilarly elec-
trified attract each other,

(1). Thus, when the feather, by contact with the positively electrfied
glass tube, became similarly electrified, it was repelled ;—and when the ne-
gatively electrified sealing-wax was presented, the dissmilarly clectrified
feather was attracted, and more than 1its sarplus electricity abstracted by the
wat., If the glass be held in one hand, and the scaling-wax m the other,
the feather will be alternately attracted and repelled from the one to the
other till electrical equilibrium is restored.

(2). The two electrical states, it 1s obvious, must on this view, be de-
pendent on each other,—and accordingly—

Aphorism LVII.

Positive electricity cannot be excited without the excitement at the same
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time of negative electiicity in ¢qual degree ; nor can the negative electric
state be excited without the excitement at the same time of positive electri-
city 1 equal degree.

(1). Thus, when the glass tube 1s rubbed with silks, the bhand holding
the silk becomes negatively electnfied i the same degree that the glass be-
comes positively electnified, Why the elcctrical state of the hand is not, in
ordinary circumstances, apparent, we proceed to explain,

Aphorism LVIII.

There are some substiances, particularly the metals, which readily con.
duct, or carry off, Llectricity from an electraficd body, while there are
other substances which scarcely do so, if at all.

(1). 'Thus, if any positively electiified body be touched with a prece of
metal held inthe hand, 1ts state is immediately changed,—the surplus eleetri-
being carried off to the earth, because the metal and the human body are
both conductors of electricity. If the excited body be touched with a glass
rod, 1ts clectricity will not be canied away, beeause glass scarcely conducts
electneity, 1f at all.  We may now undeistand how the hand holding the
silk, thongh negatively electiified when rubbing the glass tube, gives no
evidence of electrical disturbance while the man stands upon the ground.
His body being a conductor of electieity, an eguilibrium between the
electrieity of hus hand and that of the earth, 1s 1cstoted as 1apidly as 1t 1s
mterrupted. Let m stand, however, on a plate of gliss, wlile r1ubling
the tube, and then spuks will pass between lus body and a finger Lrought
near him, showmg that he 1s 1n the state of electrnical disturbance.

(2). On the subject of the conduction of Electreity, 1t 1s Lo be observed
that—

Apkorism L1X.

The best electrics are the worst condnctors.

(1). Thus glass and 1esin, 1 which the state of clectrical disturbance is
most readily excited by friction, are so little disposed to carry electniaty to
or from a body positavely or negatively electrified, that they are employed
as msulators. They are so termed because the electricity of any body placed
on a plate of glass or resin 18 1etuined there,~—cooped up as 1 an wsuly or
1sland.

(2). Substances which readily conduct electricity are the Metals, Water,
Living vegetables and Amimals, Rarefied Aiwr, &e.

(8). Substances <o hittle disposed to conduct electricity that they are, for
convemence, termed Non-conductors, are Shell-lac, Amber, Resins,
Sulphur, Wax, Glass, Silk, Hair, Feathas, Dry Paper, Dry Awr, Baked
Wood, Porcelain.

(4). It must be here remarked that—

Aplorism LX.

When abody is electrified, the eleetricity is distributed only over the
surface.

(1). For it has been found, by cxperiment, that a solid metallic globe
cannot contam more electricity than a hollow one of the same mize. The
proofs of this may be found n more expanded treatises than the present
compendium.
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(2). We have scen that the electric state of one body affects that of an-
other body through conduction ; but 1t 18 not through conduction only that
the electiical state of oune body affects another,—for this takes place even at
some distance.

Apliorism  LXI.

Whenever an electnified substance 1s brought into the vicinity of subs.
tances 1n their natural condition, it tends to induce 1 them an electrical
state opposite to 1ts own. ) o

(1). Thus, a substance charged with positive electricity will influence
any substance near 1t, and 1nduce 1t to have, 1n the part next it, the negatively
electric state. This influence, to distingmsh 1t from conduction, 1s called
induction. Tnduction may take place through non-conductors, though con-
duction, of course, could not. For example'—take a square plate of
glass, and affix on each side of it a smaller square of tinfoil. Let one of
those tinfoil coatings be electrfied by contact with an excited glass tube ;—
then, becoming positively charged, it will act, by mnduction, thiough the
glass, upon the other coating. The near, or inner, suiface of the second
coating will be made negative, and the onter suiface postive; and if the
coatings are insulated, this state will continune. Butif the outer side of
the second tinfoil coating 1s connected, by some conductor, with the giound,
and the positive charge 18 thus taken off, then the surface will have only a
negative chaige left, coiresponding to the positive charge of the first tinfoil
coating. If the two metallic surfaces he now connected by a conductor,
such as a metallic wire, we then see a bright spark, and hear a sharp snap,
as if a violent shock had been sent through the apparatus,—the accumulated
electricity on the one metallic surface rushing along the conducting wiie to
supply the place of that which had been abstracted from the other metallic
surface,

(2). If, instead of using a wire, any one should make the communication
between the two tinfoil coatmgs by asplying the nght hand to the one, and
the left hand to the other, he would experieace an electric shock,—that 1s,
a convulsive motion, in the joints and muscles, attributable to the passage
of the electmeity through him.

(8). If ahundred persons join hands, and the first in the chain touches
the one tinfoil-coating, while the last m the chain touches the other,—every
man in the chain receives the shock apparently simultaneously, as a hun.
dred lotus-leaves are pierced apparently simultaueously by an arrow, Thence
we conclude that the electricity has gone round, through the whole cir-
cuit, and that it has gone with perhaps immeasurable rapidity. It mught
seem as if 1t had been retawned in a state of rnigid tension, ke a bow just
before the discharge of the arrow, and then to have discharged itself
at once. When 1t has gone round, observe, its influence is expended. By
other arrangements, the electrical disturbance may be elicited conzinuously,
as 1f it were renewed in a continuous current, This manifestation of elec-
trical disturbance 1s effected chiefly by the employment of different kinds
of metals in combination, as we proceed to explain,

Aphorism LXII.

The contact of heterogeneous metals occasions disturbance of electrical
equilibrium,
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(1). For example,—place a piece of zinc under the tongue, without allowing
the two metals to touch each other :—no sensation will be experienced beyond
the mere pressure of the two hard substances against the tongue. Let their
edges now come 1nto contact, and immediately a strong and peculiar taste will
be perceived. The same sensation will be perceived, 1f, whilst the two me-
tals are hept separated, a connection be made between them by means of a
copper wire, with one end touching the milver and the other end touching
the zine.

(2). In a vessel containing a mixture of one part of sulphurie acid and
ten of water place a plate of zinc and also a plate of copper. No electrical
disturbance 1s mamfested while they remain uncunnected ; but when their
upper parts are connected, either directly or by the intervention of a copper
wire, & multitude of bubbles of a hind of air appear at the surface of the
copper. This takes place even though the connecting wire be very long.

(8). If the connection between the zine and the copper plates be made
by means of a fine wire of platinum, the wire will become ignited. Let the
platinum wire connect the ends of two long copper wires ,—then, on bring-
g the other endsinto contact with the zinc and copper plates, the plati-
num wire will immediately be igmited as hbefore. Thus by using copper
wires of a hundred yards or more in length, we can at pleasure ignite the
platinum wire at a distance of a hundred yards or mote from the place
where we are standing. 1f the platinum wire be previously inserted into
a box of gunpowder, we can ignite the gunpowder, at the moment when we
wish, by bringing the other euds of the long wires mmto contact with the
zinc and copper. Since this takes place even though the box be under wa-
ter, such an arrangement 1s very useful n removing, by the force of gun-
powder, sunken wrecks, or trees, which would otherwise obstruct the na-
vigation of a river, such as the Ganges.

(4). Wrap several coils of a long copper wire, lapped with silk, round a
plece of soft iron. On bringing the ends of the wire into contact with the
zinc and copper, the 1ron acquires the power of attracting another piece of
won. When the contact 1s broken, the 1ron loses this power ; but it regains
1t whenever contact is again made, In other words, the wron, at the time of
contact, is invested with the nature of a magnet.

Secrion X —Or MaeneTisn.
Aphorism Lxmr.

A. piece of iron ore possessing the power of attracting pieces of ironis
called a natural maguet.

(1). 1Itiscalled a natural magnet to distinguish it from an artificial
maguet, which may be made as follows,

Aphorism LXIV.

By friction with a magnet a bar of iron becomes a magnet. )
(2). The magnet, whether natural or artificial, does not lose any of its
own power by exciting the magnetic condition in a bar of iron.

Aphorism LXV.

A magnetized iron bar, freely suspended by its centre, moves round un-
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(1). This may be shown by suspending the bar, at its centre, by a
thread ; or by placing a magnetized needle gently on the suiface of water,
so that it may swim. The most convenient arrangement, however, 15 to
place the centre of the bar on a pivot, so that it may be free to move round
a vertical axis,

(2). Such an apparatus enables a traveller to tell the quarters of the
heavens evenin a starless night. Tt 18 so mndispensable to uavigators, when
they venture out of »1ight of land, that 1t1s called the Mariner’s Compass.

(8). The two extremities of the magnet, since they point to the north
and south poles of the earth, are called the north and south poles of the
magnet,

Aphorism LXVI,

Poles of the same name repel, and poles of different names attract, sach
other. .

(1). Bring towards the north pole of a suspended magnet the north pole
of asecond magnet held in the hand; the north pole of the suspended
magnet will fly round, gwing ewvidence of the repulsion. The same is the
case with the two south poles. But now present the north pole of the mag-
netn your hand to the south pole of the suspended magnet, and this pole
of the suspended magnet will move round to meet it, giving evidence of the
attraction. The same is the case when the south pole of the magnet in the
hand 1s presented to the north pole of the suspended magnet.

Aphorism LXVII.

A carrent of electricity causes a suspended magnet to point East and
West instead of North and South,

(1). 'Take the plates of zinc and copper, immersed in dilated sulphuric
acid, as directed under Aph, 72 § 2. Bend a copper wire, of two hundred yards
in length, at the mddle, and fix that middle part at about a hundred yards
away from the vessel contamning the plates. Let the mmddle portion of the
wire be 1n the direction of north and south, Now place a suspended mag-
net close above that middle portion of the wire, The magnet will point
north and south. But next bring the two ends of the wire into contact with
the zinc and copper plates ; and then the north pole of the magnet will ins-
tantly turn to the west. On breflang contact, the magnet 1mmediately
turas to the north again as before.

Aphorism LXVIII,

The change occasioned in the direction of a suspended magnet by a cur-
rent of electricity is the foundation of the Electric Telegraph.

(1). A telegraph is a contrivance for giving information quickly from a
great distance. For example, when a steam-boat approaching Benares is
seen by a watchman on the great minaret, the watchman displays a flag.
The flag is visible to persons at a great distance; and, 1n consequence of
the previous convention, 1t is the sign of an approaching steam-boat,

(2). Again, by different movements of such a flag as the one above
deseribed, different pieces of information, in accordance with previous con-
vention, might be conveyed. For example, 1t might be agreed upon that

disi mtn tYha nnwn nh
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of a particular steam-boat, two such movements that of a different steam-
hoat, thiee such movements that of still a different one, and so on. Tinal-
ly, as different steam-boats might be indicated by different movements-
previously agieed upon, of the flag, so also might the various letters of the
alphabet be mndicated by different movements of the flag.

(8). The foregoing 1s a rude illustration of the possibulify of what is ac-
tually effected 1n the working of the Electric Telegraph. We are not going
to discuss here the particulars of the convention according to which the
movements of the magnetic bar, or needle, hike the movements of the sup-
posed ilag, are made to indicate the different letters of the alphabet ;—be-
cause this convention, endlessly diversible, 1s a matter of human arrange-
ment, and not of Physical Science, with which alone we are now concerned.
‘What we have here to explain 1s how the movements of the needle, intend-
ed by one person, and sigmficant by counvention, can become instantly
known to a second person hundireds of miles distant from the first.

(4). Under Aph. 67 we have explained how a magnetic needle may be
made, by means of the electric currentin a copper wirc, to change its
direction at the wish of the person m charge of the Electromotor. Now, the
instantaneousness of this change 1s almost indepeundent of the length of
the wires. Let the needle be at Calcutta, and let the ends of the wire
which passes under the needle be at Benaies,—then, on bringing the wires
into contact with the electromotor at Benares, the needle at Calcutta in-
stantly undergoes the change of direction, just as 1f the wires had been no
more than a hundred yards in length. It will be nearly the same when
Benares 1s united, by electric wires, with London.

(6). Butit may be said,—in the case of the flag-telegraph, a person
may not be looking towards the flag at the time of 1its being waved ;—and,
after two movements of it, happening to observe the final third one, he mll
infer that there has been only one movement;—so that he 1s liable to con-
clude wrongly in regard to the particular steam-boat whose arrival has been
announced. We reply,—let a cannon be fired to call attention to thein-
tended signals of the telegraph. But 1t will be said,—the firing of a cannon
in Benares will not call attention in Calcutta, where the sound of that can-
nou cannot be heard. Well, let the person in Benares ring a bell near the
ear of the person in Cacutta. How this may be done we proceed to explan,

(6). It wasstated under Aph. 62 § 4, that a piece of iron, by means of an
electrical current, can be made to assume the nature of a magnet,—which
magnetic nature departs and returns on the breaking and agam makling
contact of the wires with the electromotor. Let a piece of iron, suitably
connected with the wire from Benares, be arranged, in Calcutta, so as to
serve as the tongue of an iron bell. When contact 1s made, at Benares, of
the wires with the electromotor, the tongue of the bell in Calcutta, becom.
ing a magnet, is attracted towards the bell, and strikes1t. Contact beng
broken at Benares, the tongue falls back, Contact being again made, the
tongue again strikes the bell, and so on. Thus the attention of the peison
in Calcutta 1s awakened to the signals which are thereafter to be made,
through the movements of the needle, from Benares.

(7). Now we mention another source of electrical disturbance,
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Section XI.~TazrMo-ELscTRICITY.
Aphorism LXIX,

Heat occasions disturbance of electrical equilibrium.

(1). Place some water, in a metallic vessel, on the top of the electro-
scope, and drop a red-hot cinder into the water. The divergence of the
indices will prove that electrical disturbance has taken place. ’

(2). We mention a consequence of this.

Aphorism LXX.

Clouds, raised by heat from water, are out of electrical equilibrium.

(1). Hence the well-known phenomena of Lightning from the clouds,
the flashes, noise, stroke, &ec.

(2). The identity of Laghtning with Electricity has been settled by
experiment. The experiment may be repeated thus. Attach one end of a
very long string to the top of the electroscope, and the other end to an
arrow; shoot the arrow towards a cloud floating mear the earth, and the
indices of the electroscope will be seen to diverge.

(8). Inthe movement and rest of the magunetic needle, &c., we have
had particular examples of the Motion and Rest which furmish the object-
matter of the present Book, viz,, of Physies, But in some effects of the
Imponderables we have had occasion to notice something more than mere
retention of or change of place. For example,~—on the application of heat
to water, the atoms change their place in assuming the form called steam ;
—and on the removal of the heat, they resume the form of water. But
such return of state does not occur when heat is applied to fuel. The
dissipated fuel does not resume 1ts form on the departure of the heat. It
has undergone more than a physical change. It has undergone a change, to
be treated of in the next Book, which change 1s termed ckemical,

Szerron XIL—Animarn Eumerriciry.
Aphorism LXXI.

Certain animals have the power of causing an electrical disturbance.

(1). Such animals are the Torpedo ( or electrical scate ) of Europe, the
electrical eel of America, and the Malapterurus electricus of the Ganges.
This power enables them to stun their prey, and thus secure it; or to stun
their assailants, and thus defend themselves.

Enp or Boox 1v.
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SYNOPSISOFSCIENCE.
BOOK V.

INTRODUCTION.

(1). In the preceding Book, having described the Motion and Rest of
external things, with then causes, their laws, and examples, we promised
to describe, what are different from these, the Chemical changes of external
things. By change we mean that action, on the part of substances, which
leads to the attainment of a condition different from a previous condition ;
for example, motion towards another place, preceded by abandonment of a
previous place. That certain changes are chemicel means that they are
the object-matter of the science called Chermstry , and as this statement
cannot be understood without a knowledge of the nature in virtue of which
these are such, we shall first declare the nature in virtue of which any
changes are object-matters of the science of Chemistry,

Secrion I.—CuemisTry.
Aphorism I.

Change, other than of place, not influenced by Life, and which results in
a permanent condition, is the object-matter of the science called Chemistry;
and such change is called chemical.

(1). ¢Permanent’ &c. By the permanency of changesis meant that
their surcease is not involved in the departure of their instrumental causes,
For example,—the condition of ashes, &c., wlich s produced by fire in
fuel when burned, is called permanent, because even when its instrumental
cause, viz,, the contact of fire, has departed, it does not surcease :—hence
the behaviour of the fuel, which resultsin this, is a matter of chemical science,
On the other hand, the condition of water as vapour, through contact with
fire, departs on the departure of that contact with fire which instrumentally
caused it :—therefore the action of the water which resalted therein 1s not a
matter of Chemical science, but only of the science of motion and rest [i. e.,
Physics ]. Hence 1tis to be understood that the science called Chemis-
try 13 the science of those changes only, other than of place, among external
things, whichresult in properties not necessarily surceasing on the departure
of the 1nstrumental causes which gave rise to them.

(2). But then, when blue vitriol is dissolved in water, its hardness dis-
appears,—and it does not return on the remaval of the stirring-rod ;—s
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this, then, a chemical change? Not so, because the colour, taste, &ec., of
the blue vitriol are unchanged, and the change is only that of the place of
its particles, now distributed among the particles of the water;—whereas
hardness requires closeness among the particles.

(3). But then, when food, bemng digested, becomes flesh, bone, &ec.,
is the change chemical® We 1eply, that as physical changes of place are
involved 1n chemical phenomena, but the phenomena are not therefore 1eck-
oned merely physical, so chemncal changes take place under the modifying
agency of Life, and the phenomena are not then rechoned merely chemical,
These phenomena belong to a subsequent and more complex science, that
of Physiology.

4). Now we make a division of the external substances which are
treated of 1n Chemistry.

Aphorism II.

Bodies are Compound or Simple.

(1). A Compound body 1s such as vermilion, which, for example, is com-
pounded of mercury and suiphur.

(2). That body, such as sulphar, which, so far as we can discover, 1s
not compounded of any other bodies, we call a simple body.

(8). Compound bodies are innumerable. These are all formed out of
the sumple bodies, of which there are rechoned above sixty. Of these we
state the divisions,

Aphorism III.

The Simple Bodies are divided into Metals and Non-metallic bodies.
(1). The Metals are such as Gold, Iron, Mercury &c. The Non-metal-
lic bodies are Sulphur &e.

Aphorism IV.

The Non.metallic simple bodies are divided into those that are in the
form of Air, and those that are not so.

(1). By an Air we mean a fluid indefinitely elastic, at ordinary tempera-
tures and under ordinary pressure. The steam of boiling water 1s indefi-
nitely elastic, but it loses 1ts elasticity at ordinary temperatures, and this dis-
tinguishes 1t from Airs,

(2). Airs are divided into the common Air which we breathe and other
Airs,~—these latter, for the sake of distinction, being called kinds of Aar
[—or Gases].
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One difference is the superior vivacity with which inflammable bodies burn
in Oxygen.

(8). A piece of wood with a spark of fire just on the point of being ex-
tinguished, will commence blazing if plunged into Oxygen.

(4). Even iron burnsin it hke dry fuel.

(5). Phosphorus, an inflammable substance obtamed from bones, burns in
Oxygen with a brilhancy like that of the sun,—which is not the case when
it is burned in commmon air,

(6). We have said that men cannot live without Ozygen. But yet men
live in common air. How s this? Because thereis Oxygen in common
arr.  But if there 18 Oxygen 11 common air, why does a picce of wood with
a spark not begin blazing, and why does 1won not blaze when heated ? It
18 because the Oxygen 1n the common air 18 mixed with and diluted by ano-
ther gas,—wiz. with Nitrogen,—which prevents this vivaeity of combus-
tion.

(7). Nitiogen, like Oxygen, has uno taste, and no smell, nor can any co-
lour be discerned in a glass vessel filled with 1t.  What then is the differ-
ence between this gas and Oxygen ? Oune difference 1s this, that an inflam.-
ed substance 1s extingwshed when it 1s placed 1n pure Nitiogen. If, there.
fore, the common air had consisted of Nitrogen alone, nothing could have
barned ; and if 1t had consisted of Oxygen alone, every spark would have
led to a conflagration. By the muirture of the two gases, in the proportions
m.\{'lxéch they exist in the atmosphere, both of these inconvemences are a-
voided.

(8). The proportion of Nitrogen to Oxygen in the atmosphere 1s that of
four to one. This may be illustrated as follows. Place a hight, so that it
may float, on the surface of a vessel of water, Invertover ita large bell-
glass, such as a wall-shade, so that the edge of the glass may dip alittle
under the water, In ahttle while the Oxygen will be exhausted by the com-
bustion, the light will be extinguished, and the water will rise into the jar,
showing that at least so much of the air is no longer present n its previous
form.

(9). Water consists of Oxygen and of another gas whichis called Hy.
drogen, 1. e., ‘the producer of water’. Hydrogen, hke Oxygen and Nitro-
gen, has neither taste nor smell; and a glass jar filled with 1t appears co-
lourless.,

(10). TIn respect of combustion, Hydiogen isthe opposite of Oxygen.
A lighted taper plunged mto Hydrogen 1s extinguished, while the Hydro-
gen 1tself takes fire.

(11). Hydrogen 1s the lightest of all known bodies. A balloon filled
with it rises higher into the air than any bird can fly ; and if the balloon 1s a
Jarge one 1t 18 capable of rawsing to that height a car containing several per-
sons.

(12). Chlorine is a gas which differs from the other simple gases in seve.
ral respects. Its colour s greemsh yellow. Its odouris extremely pun
gent and irritating, and 1ts taste is analogous.

(18). Several substances inflame in it spontaneously. Such are copper,
in fine leaves; phosphorus ; mercury heated, &ec.

(14). It destroys all animal and vegetable colours, and henceitis very
asefnl 1n bleaching. 1t also destroys the volatile products of decaying ani-
mal or vegetable substances, thus removing the offensive odour aud other
bad effects which are apt to arise from such a source in hospitals, prisons, &c.
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Aphorism VI.

The Simple Non-metallic bodies which are mot gaseous, are nine in
number. ]

(1). These are named Carbon, Boron, Silicon, Sulphur, Selenium, Phos.
phorus, Bromine, Iodine, and Fluorire, )

(2). Carbon [or charcoal] is the black substance which is left when wood
is heated and the air excluded, or when the embers are extinguished by
throwing water upon them. . )

(8). Boron isa brown powder, which is a constituent of the substance
called borax, .

(4). Silicon is a brown powder, which is a constituent of that hard sub-
stance, which strikes fire with steel, called flint [—or, 1 Latin, silex].

5). Sulphuris a well-known inflammable yellow substance.

26). Selemum 18 a rare substance which 1n many respects resembles
sulphur. .

(7). Phosphorus is a substance which in appearance resembles wax, It
shines in the dark ; and a degree of heat less than that of boiling water 15
sufficient to inflame1t. Asit takes fire on being rubbed, it 1s employed 1n
making the matches called lucifer matches. .

(8). Bromine 1s a dark red uid with a very disagreeable smell [—as its
name implies]. .

(9). Iodine is a substance of a bluish black colour with a metallic lustre.
Tts smell is very pungent [like that of chlorine]. When heated, it assumes
the form of a vapour, which [as the name imples] is of a violet colour,

(10). The name of Fluorine is given to a supposed element in a mineral
called Floor spar.

Aphorism VII.

The Metals are above fifty in number.

(1). Some of these, as Gold, Silver, Copper, and Lead, are familiarly
known, Of the remainder, some are very rarely met with, and need not be
here described. We shall describe at present only those of the metals which
1t 15 desirable that the reader should become acquainted with.

(®). Platinum 1s the heaviest of the metals, being heavier even than
Gold. It is white like Silver.

(8). Mercury differs from the other metalsin being fluid at ordinary
temperatures, In the cold air near the north pole 1t becomes solid, and it
may then be hammered into leaves like iron or copper. When strongly
heated, it rises in vapour.

(4). Tinis a metal which resembles silver in colour and lead in softness.

(5). Zinc 1s a metal with a leaden colour. Tt takes fire in the air when
heated red-hot, and the product floats in the mr like flooks of wool.

(6). Potassium is a metal which is so hight thatit swims upon water,
where, at the same time, 1t inflames spontaneously.

(7). Sodium also floats when thrown upon water, but it does not, like
Potassium, inflame.

{(8). Calerum 1s a metal which is the basis of lime.

(9). _Of the simple substances which have been now partly described, all
the bodies with which we are acquainted on the earth’s surface are made up.

(10). If any substance, [such assalt or chalk,] is made up of several
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simple substances, it is desirable that it should have a name suggestive of
1ts component elements,

Aphorism VIII.

In chemical enquiries let compound substances receive names suggestive of
their component elements,

(). For example,—~common salt is a compound of Chlorine and Sodium,
and 1ts chemical name is Chlonde of Sodium.

(2). Beginning with Oxygen, we shall now notice how the several Simple
Bodies originate compounds.

(8). We have already stated that the atmosphere consists mainly of one
part of Oxygen mingled with four parts of Nitrogen. The product of this
mixture is not reckoned a chemical compound, because chemical composition
is considered to have taken place, only when the qualities of the product are
not what could have been predicted by taking together the properties of the
separate ingredients.

(4). Of the chemical compounds of Oxygen with Nitrogen there are
five. The five compounds, in the order in which we shall take them, differ
from one another in having each a larger proportion of Oxygen than the one
before it 1n the hst,

(5). The first compound of Oxygen with Nitrogen is a gas which if a
man breathes he langhs violently, and becomes for a time like one deranged.

(6). The second compound of Oxygen with Nitrogenis a colourless gas,
which, when allowed to mingle with the atmosphere, attracts an additional
quantity of Oxygen and becomesved. Charcoal and Phosphorus burn bril-
hantly in the second compound of Oxygen and Nitrogen ; but this gas can-
not be breathed, because if it were to mingle with the common air in the
lougs, 1t would form the red gas already mentioned which 1s poisonous.

(7). The third compound of Oxygen and Nitrogen, which s procured
with difficulty, 1s an acid which does not here require special notice.

(8). The fourth compound of Oxygen and Nitrogen is the red gas already
mentioned. Water absorbs it readily.

(9). The fifth compound of Oxygen and Nitrogen cannot be procured
separately, In combination with water it is an acid which corrodes the flesh,
and dissolves iron &ec.

(10). We have said that it is desirable that substances should, in chemi-
cal enquiries, be denoted by names suggestive of their component ele-
ments ; bot, from what has now been said of the compounds of Oxygen
and Nitrogen, it must be obvious that the name ought to suggest not mere-
ly the elements but the relatively greater or lesser proportion of the ele-
ments in each compound. For example, the name of the second compound
of Oxygen and Nitrogen ought to suggest its containing a greater propor-
tion of Oxygen than the first compound.

(11). How this is effected, we proceed to explain,~premising some re-
marks on the various habits of various bodies in regard to their combining,

Aphorism IX.

In the union of some bodies no limitation is observed with regard to the
rvelative proportions in which they unite.

Q
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(1). For example,~with a certain quantity of milk, a small quantity of
water, or a large quantity of water, mingles equally well.

Aphorism X,

Some bodies combine in all proportions as far as a certain point, beyond
which, combination no longer takes place.

(1). 'Thus a certain quantity of water will dissolve common salt until a
certain quantity has been dissolved, after which all the salt added remamns
undissolved. [This kind of limtation is called Saturation].

(2). For reasons already mentioned, the two kinds of combination just
described are not termed chemical.

Aphorism X1,

In chemical union bodies unite in the proportion of atom to atom, atom
to two atoms, &ec.

(1), Tius is inferred from the fact that bodies which unite chemieally do
50 10 certain fixed or definite proportions; and that when bodies umte che-
mically in more than one proportion, the guantity of one element in each
compound is generally a simple multiple of 1ts quantity in the first. Thus,
in the five compounds of Oxygen with Nitrogen abovementioned, the pro-
portions are those of 14 parts of Nitrogen to 8, 16, 24, 82, and 40 parts
of Oxygen respectively.

Aphorism XII.

The weight of an atom of Hydrogen is the unit in terms of which the
atomic weights of other hodies are stated.

(1). The proportions i which two elements combine with Hydrogen in-
dicate the proportions in which those two elements combine also with each
other. For example, 35 parts of Chlorine combine with one of Hydrogen
[to form Hydrochlorc acid], and 8 parts of Oxygen combine with one of
Mydrogen [to form Water]; and the compounds of Chlorine with Oxygen
contain 85 parts of Chlorine combined with 8, 82, 40, and 56 parts respec-
tively of Oxygen. The numbers 8, 32, 40, and 56, we may observe, are
not successive simple multiples of 8, for these would be 8, 16, 24, 82, 40,
48, B6 ; therefore the law under conmderation [—which 1s called the law of
Defimite Proportions] suggests the probability that there are at least three
different compounds of Oxygen and Chlorine yet undiscovered.

(2). Having ascertained that substances combine chemically in fixed
proportions, chemists have inferred that the elementary bodies are not, like
space, infinitely divisible, but that they consist of minute indivisible parti-
cles,—called Atoms.

(8). Itissupposed that the Atoms, though exceedingly small, are not
devoid of magmtude [—as is supposed in the Nysya].

(4). It isalso supposed that the atoms of any one element,~—say of Gold,
—are alike in weight, but that they differ in weight from the atoms of other
elements.

(5). When bodies combine in only one proportion, it is supposed that
the combination is of one atom of the one with one atom of the other ;
and when they combine m more proportions than one, that the combination
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is of one atom of the one with one, two, three, four, &c. of the other.

(6). From this it follows that the numbers expressing the combining
proportion express also the relative weights of the atoms of the combining
elements. This will appear clearly if we consider that if eight pounds of
one element combine with one pound of another element so as to form nine
pounds of a compound substance, in which each atom of the one element
18 joined to an atom of the other element, then an atom of the one element
must be just eight times as heavy as an atom of the other. For example,
—when a galvanic current 1s passed through water, by placing, at a little
distance from each other, m a vessel of water, the ends of the wires of the
Eleetromotor ( B.1v. Aph. Lxiz, 2), tipped with platinum, the water becomes
separated 1nto two gases, Oxygen and Hydrogen. If we collect the two
gases separately, we find invanably that the weight of the quantity of Oxy-
gen 1s eight times that of the Hydrogen. Assuming, as1s most probable,
that an atom of Water 1s formed by the union of an atom of Oxygen with
one of Hydrogen, 1t follows that the weight of an atom of Oxygen is to
that of an atom of Hydrogen as 8 to 1.

(7). Representing the weight of an atom of Hydrogen by umty, the
following table exhibits the comparative atomic weights [or chemical equi-
valents] of the most important elements, with their symbols.

Hydrogen 1. H Copper 32. Cu*
Oxygen 8. 0 Iron 28. Fex
Nitrogen 14, N Lead 104. Pb.*
Chlorine 85, CL Platinum 98, Pt
Carbon 6. C Mercury 100. Hg*
Boron 20. B Zinc 32. Zn
Sulphur 16. S Potassium 40. K*
Silicon 22. 8i Sodium 23, Nak
Phosphorus 82, Ph Calcium 20, Ca
Gold 98. Au¥ Magnesium 18, Mg
Silver 110. Ag¥® Aluminium 14, Al

(8). When treating of the chemical composition of bodies it is found
convenient to denote the elements by short symbols, as in Algebra. Among
the symbols 1n use are those given in the above table.

(9). By combining the symbols of the elements we obtain the symbols
of their compounds. Thus since the symbol Na stands for 23 parts of So-
dium, and Cl for 85 parts of Chlorne, the symbol Na+Cl stands for 58
parts of Chloride of Sodium ( or common salt). And this number 58 re-
presents the atomic weight of Chloiide of Sodium. It is 58 times as heavy
as an atom of Hydrogen. The like remark apphes to the atomic weights of
all compounds.

(10). Having determined thus much in regard to the principles of com-
bination, let us revert to' the five compounds of Oxygen with Nitrogen.
The symbohe formule and the atomic numerals of the five compounds of
Oxygen and Nitrogen are as follows :—

* From the Latin qurum ;~-and 50 of the others marked by asterisks.
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1st compound ....eceens.en . N4O coiiiiiiiiiiiia., .22
2nd  ,,  eeveeeaeeinene GNA20 30
8rd s . JE S 38
AR s eeeeeereerenenes NA40 ereveeennernnnnn. .. 46
Bth 4 eeeecnnneecerses N430 tiiiiiiniennn. ool 54

(11). An inspection of these symbols will show that, in these five com-
pounds there is such a difference 1n the relative proputtions of the elements
as will require to be suggested by the chemical name of the compound. But
there 1s another consideration which prevents us from giving to the five a
set of names suggestive of nothing more than this distinction. For ex-
ample, some of the compounds of Oxygen with Nitrogen are acid, and
others are not. This difference being a very important one, it 1equues to
be recorded 1n the name of the compound ; and, with reference to this, we
propound the following aphorism.

Aphorism XIII.

Compounds of the elements ought to have names suggestive of the fact
that they are acid or otherwise.

(1). Of the five compounds of Oxygen and Nitrogen three are not acid,
and these, accordingly, are named, simply with refcreuce to their having
respectively the first, the second, or the third and greatest proportion of
Oxygen, as follows.

The Protoxide of Nitrogen,
The Deutoxide of Niuogen.
The Peroxide of Nitrogen.

(2). Of the compounds of Oxyaen and Nitrogen the remaining two are
acids. Let us consider how these are to be distingnished. When any sub-
stance, by combining with two different proportions of Oxygen, is capable
of forming two distinct acids, that acid which contains the larger propor-
tion of Oxygen iz distinguished by the syllable ic at the termmnation of its
name, and the other, contamning the lesser proportion of Oxygen, is dis-
tingwmished by the termination ous, Accordingly the third and fifth com-
pounds of Nitrogen and Oxygen, which are acids, are respectively named
Nitrous acid and Nitric acid. The names of the five compounds of Oxygen
with Nitrogen are therefore as follows,

1 Protoxide of Nitrogen.
2 Deutoxide of Nitrogen.
3 Nitrous acid.

4 Peroxide of Nitrogen.
5 Nitric acid.

(8). Having considered the compounds of Oxygen and Nitrogen with

one another, we now turn to Hydrogen,~and enquire what compounds it
forms with these two elements,
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(4). Hydrogen and Osygen, atom to atom, produce water. The sym-
bol of water accordingly 1s H4+O, and 1ts atomic numeral 9.

(6). Hydrogen combining with Nitrogen produces Ammoma, a gas with
a very pungent odour. This gas eagerly combines with water, In Ammo-
nia there are three atoms of Hydrogen to one of Nitrogen, so that its sym-
bol is 8 H4-N, and 1ts atomic numeral 17.

(6). Chlorine, the fourth in our list, combines with Oxygen, with Ni-
trogen, and with Hydrogen, forming a variety of compounds, among which
we shall notice at present only that with Hydrogen. This Compound 1s a
pungent acid gas, termed Hydro-chloric Acid, which unites eagerly with
water. Its symbol 1s Cl+H, and its atomie weight 36.

(7). We have next to consider the combination of the second class of
elements,—those which are neither metals nor gases,—with the elements of
the first class.

(8). Carbon, in combination with Oxygen, produces an acid gas, Car-
bomic Acid. This gas is fatal to animal hife. It 1s so heavy that 1t may be
poured from one vessel into another hike water. Hence, in some wells and
caverns where it is formed naturally, 1t occupies the lower parts, whilst the
upper parts are free from 16 ; and in the same place, therefore, where a dog
is killed by it, a man, from s superior height, 1s unhurt. The symbol of
Carbonic Acid is C+2 O, there being two atoms of Oxygen to one of Car-
bon. Its atomic weight 1s 22.

(9). When a diamond 1s burned in Oxygen gas, the result is Carbonic
Acid. This shows that the diamond consists of Carbon.

(10). Carbon with Nitrogen produces an inflammable gas with a pene-
trating and peculiar smell,—the Carburet of Nitrogen.

(11). With Hydrogen Carbon forms an inflammable gas, Caiburet of
Hydrogen,—which may frequently be obtaned from stagnant pools by stir-
ring the mud. This gas in some places, as at Jwildmukhi in the Panjib,
issues from the ground in such quantities that it can supply a continual
flame. A gas of this kind may be extracted from coal. In Europe 1t is
employed to light up the streets.

(12). Sulphur, combined with three atoms of Oxygen, produces Sul.
phuric Acid, a gas which readily unites with water. Its symbol 1s S4.3 O,
and its atomic weight 40.

(18). Phosphorus, combined with five atoms of Oxygen. forms Phos-
phoric Acid,  1Its symbol is Ph4-5 O, and its atomic weighs 72.

(14). Phosphorus combined with Hydrogen produces a gas which in-
flames spontaneously in the air. It is named Phosphoretted Hydrogen.

(16). We have now to consider the combination of Metals, the elements
of the third class, with those of the other classes and with one another.

(16). The combinations of most metals with Oxygen are commonly
termed rusts. Gold and Silver have very little disposition to combine with
Oxygen. They do not rust ; and this is one reason why they are well adap-
ted for making coins &e.

(17). The Common red Oxide, or rust, of Iron consists of two atoms
of Iron to three of Oxygen. This ratio being that of 1 to 14, the red rust
of iron is called the Sesqui-Oxide* of Iron.—Its symbol is 2 Fe4+3 O, and
its atomic weight 40, There is a Protoxide of Iron, the symbol of which

* From the Latin prefix Sesqui, sigmfying half as much more.
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is Pe40, and the atomic weight 36. The sparks that fly off from a mass
of hot iron, when hammered by the blacksmith, consist of this Oxide.

(18). Of Lead the Protoxide (lhtharge) s yellow, and the Deutoxide
( minium) is red. .

19). The Peroxide of Mercury 1s of a red colour. With Chlorine Mer-
cury forms two cowpounds The Proto-chloride of Mercury ( calomel),
a tasteless white powdes, 1s a valuable medicine. The Perchloride of Mer-
cury ( corrosive sublimate) is lughly posonous.

(20). With Sulphur, as already mentioned, Mercury forms a brlliant
red powder—the Bisulphuret of Mercury (vermihon ).

(21). Mercury combmes readily, 1 a cold state, with several of the
metals. Combined with gold 1t 1s employed 1 gilding vessels of silver.

(22). The Oxide of Potassium, called Potassa, 13 & white substance
with an intensely acrid ( alkaline) taste. It corrodes the flesh.

(23). The Oxide of Sodium, called Soda, very much resembles that of
Potassium,

(24). With Chlorine, Sodium forms common salt. The symbol of Chlo-
ride of Sodium (common salt ) 18 Na+4Cl, and the atomie weight 58,

(28). The Oside of Calcium 1s commonly called lime.

(26). Having now considered the duaary compounds,—those into which
only two elements enter,—we have next to consider those compounds mto
which a greater pumber of elements enter. In Aph, 13 the distinction
between Acids and cther compounds has been adverted to. Onc distinetion
which belongs to most acids, as is mmplied in the name, 1s a sour taste.
Another characteristic, or fesf, is this, that they change a vegetable blue
infusion, such as that of the Hibiscus flower, to red. Among the binary
compounds there are others which, ke Potassa, havean acrid taste [and
which are termed alkalis], which restore the blue colour to the infusion, or
which go further and change it to green. With these alkals, as well as
with other oxides, the acids are disposed to form further compounds, 1n re-
gard to which we remark as follows,

Aphorism XIV.

Acids combine with Oxides to form Salts.

(1). It has already been mentioned that common salt is a compound of
Chlorine and Sodium ; so that 1t 1s not now asserted that gll salts are com-
pounds of acids and oxides, hut only that very many are so; and of these
we now proceed to give some account.

(?). Acids as already mentioned have names ending in ic or ous. In the
name of the salt the ic 18 changed to to afe, and the ous to ife. Thus a salt
1mto which Nitric Acid enters is called a Nitrate, and one into which Nit«
rous Acid enters, a Nitnte.

(8). Asatis always with the Oxides of the metals that the Acids enter
into combination, it 18 not necessary to notice this in naming the salt, un-
less when more than one oxide of the same metal combines with acids.
Thus, nstead of Nitrate of the Oxide of Silver, 1t is suficient to say Ni-
trate of Silver ; but we must distinguish between the Sulphate of the Pro-
toxide of Iron, and the Sulphate of the Sesquioxide of Iron.

(4). Inthe following list, the Acid and Oxide in each case is mentioned
in the left band column, with the respective symbols and atomic weights,
and the resultine svmbol and atomic weizht in the right hand column.
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Nitrate of Potassa.

Nitrie Aeid=N450==54. ] Nitrate of Potassa.
Potassa—=K4+0=48, | =KO+N 50=102.
Nitrate of Potassa 18 the well known salt, commonly ecalled Nitre or
Baltpetre, which 18 employed in the manufacture of gunpowder.

Nitrate of Ammonia,

Nitrie Acid=54. Nitrate of Ammo-
Anmonma—=3H4+N=17. § nia—; l.
Nitrate of Ammonia s employed 1 the preparation of the Protoxide of
Nitrogen, the gas which intoxicates one who breathes it.

Nitrate of Silver.

Nitrie Acid=51 . -
Oxude of Silver=—=Ag4+0=118. % Nitrate of Silver=172
This salt is employed by medical men as a caustic : [—lunar caustic].

Sulphate of Soda.

Sulphuric Actd==8+30=40. } Sulphate of Soda==
Soda=Na+40=51. § NaO4-830=71. )
Sulphate of Soda 1s one of the salts employed i the galvanic battery.

Sulphate of Lime.

Sulphuric Aeid=40. -
Lime—Ca+0=28. Sulphate of Lime=68,

Sulphate of Inme [—commanly called Plaster of Pars—] is white hke
chalk. It is much employed 1n making statues by means of a mould.

Sulphate of Copper.

Sulphuric Acid=40. 2
Oxide of Copper=Cu+4O »Sulphate of Copper=80.
=40.
Sulphate of Copper [—commonly called blue vitriol~] is a well-known
salt which 1s employed 1n the galvanic battery.

Suiphate of Iron,
Sulphuric Acid=40 ‘; Sulphate of the Pro-

Protoxide of Iron="Fe+0=386.§ toxide of Iron==76.
This salt, being of a green colour, 15 commonly called grecn witriol,

Hydrochlorate of Ammonia.

Hydrochlorie Acid==36. Hrydrochlorate of
Ammoma==17. Ammonia==03.
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This salt, commonly known as Sal Ammoniac, is employed in cooling
water, and for many other purposes.

Carbonate of Lime.

Carbonic Acid=C4+20=22.1 Carbonate of Lime=>50
Lime=23.
The substance commonly known as Chalk, is a Carbonate of Lime,

Borate of Soda.

Boracic Acid=B+460==68. Borate of Soda=99
Soda=31.
This salt is the substance well known as Borax.

Phosphate of Lame,

Lime=28,

This salt 1s the principal ingredient in the bones of men and other
animals.

(5). Thus far we have been engaged in tracing the Eleptents through
their successive combinatious until we arrive at some of the well-known
compound substances which men daily make use of. The production of a
substance by the combination of the proper ingredients 1s called Synthesis.*
The converse process, where we decompose a compound in order to deter-
mine what are its constituent elements, is called 4dnalysis.t

Phosphoric AcidsPh+50=72.} Phosphate of Inme==100.

Aphorism XV.

The analysis of Chemical compounds is effected by Heat, by Electricity,
or by the introduction of some substance having a stronger attraction for
one of the umted substances than these have for each other.

(1). For example, the red Oxide of Mercury, when heated, is resolved
into metallic Mercury and Oxygen gas, This furnishes one means of pro-
caring Oxygen 1n a separate state.

(). Water is decomposed by Electricity into Hydrogen and Oxygen.
(8). Sulphate of Copper [the #itiyd or blue vitriol of the bézars] may
be decomposed by dipping a pohshed piece of iron into a solution of the
salt, The acid, having a stronger attraction for the iron than for the cop-
per, unites with the iron, and deposits the copper on its surface. When
the whole of the copper has been deposited, the solution will be found to
consist of Sulphate of Iron [the kasfs or green vitriol of the bazdrs].

(4). The comparative attractions of various substances, having been first
ascertained by esperiment, have been registered by chemical enquirers in
tables, by referring to which we learn what substances to employ in de-
composing any compound body.

+ From a Greek word signifying ‘‘ to put together,’”
4 From a Greck word signifyng * to unloose.”
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(3). The Atomic number of any substance 1s also called its equmwalent
number, becausc 1t indicates the proportional number of pounds ot ounees
of the substance wlhich are exactly suflicient to supply the place of another
substance m a compound. Thus, in the experiment cited above, 1f there
were 31 ounces of copper 1n the solution of blue vitiiol, 1t would be found
that 28 ounces of 1ron were sufficient to supply the place of the copper, or,
in other wouds, that the acid which hiad dissolved 81 ounces of copper, could
di~solve no more than 28 ounces of ron. The powers of saturation of iron
and copper have thus been experimontally ascertamned to be 1 the 1atio of
28 to 81, as1siecorded 1 the table of atomic weights. A hnowledge of
the eqmivalent numbers saves the chenast from all doubt as to the exact
quantity of any substance which 1s necessary to effect any proposed composi-
tion or decomposition.

(6). Substituting the symbols for the names of the Sulphate of Copper
and of the Iion, the result of the decomposition may be concisely capress-
ed as follows.

Before decomposition. Afier decomposition.
Oxide of Cu 8%—————-32 Copper.
Copper. O 38 ~
Sulphute 8 16
ao % 3024 \\x
Ironn...i.....Fe 28 —=>76 Sulphate of Iron.

(7). It will be observed that, i accordance with the principle of Che.
mical Equivalents, the guantity of Oxygen that was reqmired to makle the
32 parts of Copper in the salt nto an Oxade, 1s just the guantity that s
1equired to make the 28 parts of Iron into an Oside. If the Iron, instead
of bemyg dipped wto a solution of Sulphate of Copper, be immersed in a
watery solution of Sulphuric Aeid, then, 1 order to combine with the acid,
1t takes the necessary supply of Oxygen from the wafer. The conscquence
1s that the Hydrogen of the water 1s set free, and comes away 1n the shape
of bubbles. Thas decomposition may be tlustrated as follows,

Water { Hydrogen -Hjydrogen.

Oxygen
Sulphuric Acd \\
Iron N Sulphate of Iron.

This farnishes one means of procuring Hydrogen 1n its separate state.

(8). In the foregoing examples one out of three substances, by taking
posscssion of the second, turns the third adrmft. In certan cases of de-
composition there are four substances forming two compounds, which two, oun
meeting, make a mutnal exchange of an mgredient. Tor example, let the
Hydrochlorate of Lnme dissolved in water, be mixed with a solution of Sul-
phate of Ammonia:—the Sulphuric Acid will combine with the Lime, and
Hydrochloric Aeid, instead of flying off ( as it would have done 1f Sulphu.
nc Actd alone had been added) combines with the Amwmoma wihich the Sul-
phuric Acid had deserted, This may be represented as follows,—the conti-

R
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nuons lnes showing the direction of the one pair of ingredients from lefs
to right, and the dotted Lines the direction of the other pam.

Before decomposition. After decomposition.
Salphate of {8 H4N .ucceemeeenneose Hydrochlorate
Aminonia. S+3 0: . +" of Ammouia.
Hydrochlor- [ Ca40O Sulphate

ate of Lime.| Cl4+H of Lume.

(9). Having given some aceount of the science of Chemistry, we may be
asked—1n what shape do the substances, simple or compound, with which this
science 1s conversant, present themselves in the world? We reply,—that
they present themselves 1n two shapes, (1) as 1norganic and (2) as orgame.
Since organic bodies are resolvable mto morganic substances, being  duffer-
enced fiom these by the agency of Lafe, the consideration of which belongs
to a subsequent section, we now give some account of 1norgame substances
as they ate found iu nature. Since many ot these are dug out of munes,
morganic substances are here denominated minerals.

Szerion II.—MinzrALOGY.
Aplorism XVI,

Minerals arc of two kinds, homogeneous and mixed.

(1). Of these the homogeneous are those which are of similar composi-
tion throughout, and the mixed are those which aie not of similar composi.
tion throughout, The substance similar throughout may be chenucally sim-
ple or chemically compound ;—e. g., diamond and quartz-crystal.

(2). It1s the same thing whether we examine a large or a small mass of
any homogencous or sirople mineral ; in either case 1t presents to us the
same structure. A small specimen of chalk gives us as good an 1dea of the
properties of chalk as would be given by a large block or a mountam of the
same materal.

(3). Mixed minerals being mixtures of the simple minerals, the simple
winerals must therefore be first examined.

Aphorism XVII,

In recognizing the simple minerals, we are guided by their form, and
other characteristics.

(1).  Many minerals crystallise in determinate forms, These forms are
very numerous. ‘We cannot here mention all the forms of crystals, for fear
of probixity., They are described fully 1n special works on this branch of
science,—which 1s termed Crystallography,

(2). Crystals me seldom quite regular. It may generally be assumed
that there were obstacles present at the instant of thewr formation, which
did not permit the crystal to be equally and perfectly developed upon all
sides,  But this need not prevent our recognising the form,
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(8). The determination of a mineral 1s much aided by attending to its
specific gravity, 1ts hardness, &e. Of two munerals, that one 1s the hardest
which will serateh the other without being scratched 1tself. A scale of
hardness has been coustructed, by means of ten well-hnown minerals, so
arranged that each one will seratch that which precedes 1t, and may itself
be scratched by all those wlich follow 1t 1n the scale. Thas we speak of
ten degrees of hardness, which belong to the following minerals :—

1=Talec, 6=Telspar.
2=Gypsum. 7=Quartaz.
8=Calcareous spar, 8=Topuz.
4=Fluor spar, 9=Corundum.
S==Apatite. 10=Diamond.

1f, therefore, we are told that the degree of hardness of a certain mine-
ral 1s 7, we known that 1t 1s meant that the hardness 1s equal to that of
quartz.

(4). In the case of transparent crystals, the refraclive power seives
also as a chavactenstic. The piecious stones, such as the diamond, are
lighly vefractive. Some crystals not only 1refract the inadent ray, bub
divide 1t into two paits, each proceeding m a different direction, so that
two 1mages ae seen of any object, such as a black line, when viewed o
eertamn dnection thiough the erystal.

(5) TFinally, when cousiderations of form, &e., fail to determune the
mineral, Chemistty comes to our aid.

Aphorism  XVIII.

Minerals are chemically examined by means of the decomposing power of
heat, and that of acids.

(1). Heat, n the examination of minerals, 1s usnally apphed by means
of the blowpipe. The colour of the blowpipe flame, on a mineral, 18 often
an excellent means of distinguislung it.  Thus Soda 1mparts to the flame a
vellow tint, Copper a green, &c. By the application of hydro-chloric acid
we may ascertain the presence of carbomie acid, which 1t liberates with
effervescence, e. g., fiom chalk.

(2) Now, following the classification of the Elements and their com-
pounds, as set forth 1n the section of Chemistry, we proceed to desciibe
some of the minerals, 1n the order of our list, viz, Carbon, Sulphur, &e.

Aphorism XIX,

Simple minerals are the Diamond, &c.

(1). The diamond consists entirelv of carbon, It is the Lardest and
the most valnable of stones. It erystalhses in octohedions or i some allied
form. Carbon uncrystallised, appears as Coal, &ec.

(2). Sulphur occurs in natuie, 1n rhombic octohedrons, but more fre-
quently in an uncrystalline state.

(3). Gold assumes several crystalline forms, but 1s more usually found
in wregular masses and grains,
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4). Silser occurs pure in cubical erystals ; but is more usually associ.
ated with other metals, and with sulphur

5). Native copperis rarely wrystalline, bud 1s usually arborescent.
Carbonate of copper (Malachite) erystalhises 1 sblique 1thombie prisms of
an emerald-grecn coloul.

(6) Tron racly occurs native, but1s ucnally combined with Oxygen, or
Cauibome Aad  Sulphurct of Iron crystallizes 1 pentagonal dodecahe-
dions of a bulhant ycllow colour.

(7). Lead occuis usually combined with Sulphur. The Sulphuret of
Lead crystallizes 1n cubes, of a lustious grey eolour,

(8). Platinum occurs sometimes 10 cubical erystals, but more usually in
nodular pieces and grumns.

(9). Mercury occurs native, but more nsually 11 combination with Sul-
phur, as Cinnabar,  Cmnabar hasa carmine colour. It becomes black on
bemg heated, but 1esumes its 1ed colour on cooling.

(10).  Zimc ccewrs as a sulphuret. The Sulphuret of Zine erystallises 1n
cubes and other forms. Its colour1s gieen, yellow, red, &c.

(11). Porasstum ocemys combaned with Nitiie Acad, i Nitre, wlich
crystallises m rhombie prisms, often like needles.

(12). Sodium, combined with Clhlonine, occurs in cubes, or in tabular
masses.  Tlis 15 Rock.salt,

(18). Calcium oceurs in marble, chalk, Aepkor, &c., 1n combination
with Carbome Acid. Crystalized in 1hombohedral plates, 1t possesses
1 a high degree the power of double refraction. Thisis very observablen
Iceland spar.

(14). Silicium 1s the basis of Quartz, wlich consists of Siheic Acid. Tt
ocears m six-sided prisins terminated by pyramds, It oceurs also in uncrys-
talhsed masses, It 1s either transpatent or white. Itis very haid, and
produces sparhs with stecel. Frowm the admisture of other substances, it
oceurs of various colours, Amethyst, flint, jusper, agate, &c., ate varions
Linds of coloured quartz.

(13). Magnesium, combined with Silicic Acid, forms Tale, a smaoth
soft translucent substance, 1cadily separable 1nto unelastic Jamimae., Augite
contains the same ingiedients, along with other matters which give 1t grea.
ter hardness and o deeper colour. A variety of this ( Hoinblende), of near-
ly sunilar ebemical composition, sometimes crystallises i exceedingly fine
ueedles ( Asbestos). These, being flexible, can be mixed with flax and wo-
ven wto cluth, fiom which the flax may then be removed by burning. An
mcowbustible cloth can be thus prepared. The dead bodies of the rich
were, in ancient times, enveloped 1n such garments, and then burned , by
which weans the ashes of the body weie kept scparate fiom those of the
pile.

(:6). Alumimum is the basis of Corundum, wlich consists of Alum-
ma, or pure oxide of Aluomimum. Sapphire, Ruby, Emerald, and Topaz,
we varieties of this. TFelspar 1s a Silicate of Alumina, combined with Si.
heate of Potassa, It frcquently occars i crystals of a pink colour. Mica,
winch generally appears in soft thin laminae, of pearly lustre, consists of
fahica and Aluwing, fiequently combined with Maguesia. 1ts elasticity
distinguishes 1t from Tale. There is avariety of Sand-stone, to which
the admixture of Mica imparts a curious degree of flexibility.

(17). Now we have 1o desciibe some of the more important mixed
winerals, or 1ocks, which consist of mixtures of the simple minerals,
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Apkorism XX.

Mixed rocks are Gneiss, &e.

(1)  Guewss1s a mixture of quartz, mica, and felspar. The quaitz and
felspar fuim granular layers, separated by lammee of mica.

(). DMica-slate 15 o distinet mixture of mica and quaitsz i zlternate
layers,

(3). Clay-slate 1s an indistinet misture of particles of miea, quartz,
felspar, tale, &e.  Its colour 1s greenish grey, &e.

(4)  Granite has the same constituents as gneiss, but the mica does not
Lie in parallel laminae, so that the appearance 18 not slaty but granular,

(5). Basalt 15 gencrally an indistinet misture of sugite and felspar,

(0) Lava differs from augte 1 betng less compact

(7). Sandstone consists of mnute particles of quartz beld together by
avery small portion of clav, or other umting medinm,

(8).  Clay 1s a muxture of alumina with a hittle lime and silica Tt soft-
ens 1 water, and 1s casily moulded.  Thus 18 18 usetul 1o the potter.

(9). Humus, 1. ¢, cultnable soil, 13 the superfieral stratum of the
carth’s crust.  It1s the product of anmimal and vegetable matter 1 comln-
nation with the dust yielded by the disiutegration of various rochs.

(10). In the sccton on Chemistiy we considered varous produets of the
elements wlich can be reproauced, by means at our disposal atter theu cle-
ments have been sepmrated.  The 1ed Onide of Meremry, for example, may
he separated mnto Merewry and Ovygen, and we can verv casily cause the
Mercury to recombiie with Osygen and to reappear 1 the form of thered
Oxide.  TIt1s otherwise, however, with certuin other sabstances  We ecan
decompose a prece of wood, and ascertain that 1t consists of Osvygen, Hyd-
1ogen, and Carbon, and we can decompose a prece of flesh, and ascertam
that 1t consists ot Osygen, Hydiogen, Carbon, and Nittogen , but we can-
not, cut of these clements, reproduce, 1n our lahoratones, either wood or
flesh, To thereproduction of these another principle ¥ indispensable, viz.,
&fe. Things that have hfe are vegetables or ammuls.

Srerion Y1l —VrerraniLe Prysionocy,

Aphorism XXI.

The principle of Life modifies chenucal action.

(1). A seed of a plant, placed n the earth, produces changes in the
matter taken up 1to the plant which eannot be imitated by art.  Tor ex-
awmple, thescedof the Madder developes a well-known colour wiich can be
deined from no other source; and the seed of a Mango produces a fimt
the flavonr of which 1s equally ymmitable.

(2). Lt us now consider the order in which a plant 1s developed from

a sced.
Aphorism XXII.

A seed, being placed in the ground, in due time sends forth two shoots,
one ascending and forming the stem, and the other descending and form-
ing the root.

(1). When the shoot appears abose giound it shows a strong desire~—1f
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we mav o term it—for hight. Tf the hight be eacluded, the plant langwish-
es, and the leaves do not acquue theur green colour. If light be admitted
by « small opening, the plant will inchine towards the opening.

Aplorism XXIIT

The food of plants is demved fiom the earth by the root, and fiom the
atr by the leaves.

(1) It has been already mentioned that the substance of plants consists
chiefly ot Oxygen, Hydrogen, and Carbon. Oxygen and Hydrogen may
be supplied by water, and every one knows how necessary 1t 1s for plants to
be furmshed with water, which they take in by their roots,

(2). Fiom the arr plants derive Catbon. Carbon exists in the air, m
combination with Oxygen, 1n the shape of Carbonie Acid gas. This gasis
produced in large quantities by the bieathing of animals, as well as from
other sources.

(3). To show that Carbonic Acid exists in the air exhaled from the
lnngs, breathe, throngh a tube, into a transparent solution of Lime 1n water,
The hime-water will become turbid, the lime being converted into Carbonate
of Tome, or chalk, wlich 1s insoluble 10 water,

Aphorism XXIV.

The leaves perform for the plant the functions of the stomach and lungs of
ammals.

(1), The stomach of an animal separates the nutritious portions from the
food, and 1ejects the remainder.  The leaves of plants do the same. Thus,
Carbon being required 1n a sohid shape to form the stem and branches of the
plant, 1t1s separated from the Catbome Aexd of the atmosphere by the
Jeaves, and the Oxygen of the Carbonic Acid 1s rejected.

(2). Thus we find that avimals exhale agas which, i large quantity, 1s
posonous to animals, but which 18 necessary to plants ; and plants in 1eturn
10hale this gas, and exhale the Ovygen wiich 1s indispensable to animals.

(3). We have seen the proof that Caibome Acid gas s exhaled by anmi-
mnls. Let us now see the proof that Oxygen gas 1s exhaled by plants.

(4). Place a handful of fiesh leaves under a large glass vessel quite filled
with water and 1nverted 1 another vessel of water. Expose the Whole to
the light of the sun, and the leaves will give out Oxygen, which may be 1e-
cogmaed by its chemical properties already deseribed.

(5) Of the thread-like fibres seen 1n flowers, some. called the stamens,
are male; the others, called the pusials, are female. Those on the top of
which there 1s a kind of powder or dust, are the stamens, the others are the

istils,
P (6). When the dust from the stamens falls upon the pistil, then the plant
bears secd, but not otherwise. Hence, if the stamens of the blossom be re-
moved, no fruit will be produced. But if, after the removal of the stamens
from a flower, the dust from the stamens of a plant of a kindred species be
sprinkled over the pistil, then the seeds produced will partake of the quali-
ties of both. By this means new varieties of flowers have been produoced.

(7). 1In some kinds of trees the flowers on one tree contain stamens on-
ly, and on another pistils only. The former may be called male trees, the
latter female, The male trees bear no fruit, and are commonly called bar-
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ren. The reason of their barrenness s obvious from what has been saul.
The female trees bear frimt when they are planted near the males, asin the
case of the date tiee and the hke.

(8). Let us now consider, as ancillary to Vegetable Physiology, the clas-
sification of plants,

SectioN IV —Borany.

(9). Plantsare regarded first under the following division.
Aphorism XXV,

Plants either have visible flowers, or they have not.

(1). Among the plants which bave no visible flowers are the mushiooms.
Plants with wnisible flowers are such as the Mango-tree, &e.

(2). The Ficus religiosa and other fig-trees are not to be reckoned
among plants with invisthle flowers, because their flowers, inaide of the frut,
are visible by the aid of a nmucroscope.

(8). Flowenng plants ate first classified according to the number of
theu stamens. These classes are agan sub-divided according to the num-
ber of the pistils j-and the species of the plantis determined by the form
of the leaves and other characteristics.

(4). Plants, though they have hfe, have neither sensation nor the
power of Jocomotion. This distinguishes them from anunals,

(5). Let us now consider the bodies of ammals,—~and first of the human
body.

Secetion V.—AnNmMaL Puysionocy.
Aphorism XXVI.

"The parts of the human body are the skeleton, the muscles, the brain,
the stomach, the heart, the lungs, the blood-vessels, &e.

(1). The human skeleton consists of 254 bones,

(2). The muscles coustitute the bulk of what s commonly called the
flesh, At the impulse of the will these are shortened or lengthened, and
thus they move the bones of the skeleton to which they are attached.

(8). The mass of the brain 1s located in the scull. Its substance, extend-
ing downwards through the spinal column, 1s distributed in small branches,
called nerves, to most parts of the body. Where these do not extend, as
1nto the hair or the nails, there is neither sensation nor voluntary motion.

(4). The food eaten 1s divided by the stomach into what 1s useful and
what is not.

(5). The digested food [in the shape in which 1t is called chyle] is car-
ried to the heart by a channel [ called the left subclavian vem]. Heret
mites with, and reinforces, the blood, which is the medium by which all
the parts of the body, sohd or fluid, are supplied with nourishment.

(6). From the heart, by its constant action, the blood 1s forced, through
the arteries, into the lungs, and afterwards throughout the body,—return-
ing to the heart through the veins.

(7). In the lungs the blood absorbs Oxygen, and parts with Carbon, as
has been already noticed when treating of plants,—~which, on the contrary,
absorb Carbon and pmt with Oxygen.
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8). We h{we now to consider, as ancillary to Animal Physiology, the
classification of animals,

Szerion VI —~Zoovrogy
Aphorsm XXVII.

Tho animal kingdom 1s divided into four provinces,—viz., the Vertebrata,
the Mollusca, the Ariiculata, and the Radwata.

(1). The first division, or sub-hingdom, that of the Vertebrata, consists
of the amimals possessing a spine, as man. The second division, that of
the Mollusca, consists of ammals with very soft hodies, many of which
have shells, as the snails. The thud division, that of the Articulata, consists
of ammals with jointed bodics, like the centipede. The fourth division,
that of the Radiata, consists of aumals whose mcnibers are symmetncally
disposed around a centre, as m the staifish, the sponge, and many of the
anunalcula, discernible on'y by the aid of the micioscope, which swarm 1
stagnant water.

(2). Of the first division, the Vertebrata, there are four snb-divisions or
classes. The first 1s that ot the Mammalta, or amimals which give suck
ihe second, of the Aees, or Buds; the thud, of the Reptiliz, or Reptiles;
and the fourth, of the Pisces or Fishes.

(8). Of the Mammalia, again, there are twelve sub«divisions or orders.
The ordec Bumana, or two-handed, includes man alone ; the Quadrumana,
or four-handed, are the monkeys; the Chewoptera, or hand-winged, are
the bats. The Insectivora, or eaters of insects, include the musk-1at; the
Carnivora, or eaters of flesh, the tiger ; the Cetacea, or animals like the
whale, the porpuise of the Ganges; the Pachydermata, or ammals with
thick shins, the elephant, the Rumanantis, or those that chew the cund, the
ox; the Edentatu, or anmimals with few or no teeth, the pangolin; the Ro-
dentin, or gnawing anunals, the mouse ; the Marsuprate, or ammals with
a pouch, the Kangaroo ; and the Monoiremata, the Ormthorhyncus, or
duck-billed guadruped of Austraha.

(4). Lake the Vertebrata, the three other great divisions of the animal
kingdom contamn many sub-divisions which eanunot here be detailed.

(). Here ends the Iufth Book of the Synopsis of Science,—the con-
sideration of Chemical and Vital agencies.
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INTRODUCTION.

{1). Now we have to speak of the causes of the structure and arrangement

which belong to rocks, and of the distribuuon of plants and wnmals
thioughout the carth.

Seerion I —GeroLosy.
Aphorism I,

Rocks are cither tabular in thewr structure, or not so.

(1). Rochs anranged 1 tabular forms, or strata, frequently afford peen.
har ‘evidence that the scveral strata did not origmate simultaneously, but
that their deposition and sohdification took place gradually and successively.
Suppose that, in the bed of the Ganges, some miles beneath the mouth of the
Sone, a bed of mud had been deposited by the Ganges, and that then the
flood of the Ganges subsided, and that of the Sonc brought down and de-
posited on the mud a layer of sand, and that then the flood of the Sone
abated, and the Ganges deposited a layer of mud above the sand,—t is
evident that the three layers must have been deposited at successive times.
Now, if the Ganges cuts away a lateral portion of the supposed bed, the
three layers will be exposed to view; and an observer can enteifamn hitle
doubt that the lowest layer was the first deposited, and so of the others;
just as the lowest layer of bricksin a wall 1s the first deposited, and so of
the rest,

(2). In aceordance with this principle, the relative superposition of
stratified rocks has been examined by Geologists, wherever this was prac-
ticable, all over the world. Oumtting the less 1mportant rocks, which are
mentioned in fuller treatises, the order of superposition, beginming from
the lowest and earhest rock, is as follows.

Aphorism II.
Gueiss, mica-slate, clay-slate, grey-wacke, old red sandstone, mountain-
limestone, coal-beds, new red sand-stone, chalk, plasuc clays, gravel, ve-
getable soul, are the chuef stratified rocks.

8
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(1). Since many of these layers are many hundred feet in thickness,
we should probably never have been made acquamted with the lower mem-
bers, 1f all had retained the horizontal position 1 which we must suppose
them to have been first deposited. But they have by no meaus everywhere
retained this horzontal position. Instead of retmining their horizontal
arrangement, hke biicks piled onc above another, they are found in a slo-
ping position, Iike such a pile of bricks which has been pushed to one
side,—or 1n a vertical position, like the pile of bricks turned up on ther
edges,~—or contorted in various ways.

(2). Seeing these disarrangemeants, which we are led by analogy to
attribute to the operation of wiolent forces, we have next to enquire whe-
ther any forces aie at present in operation such as are adapted to the pro-
duction of such disarrangements. Observing the existence of burning

mountains, and of hot spungs, we are led to mahe enquuy ; and we cven-
tually arrive at the following result :—

Aphorssm III.

Though the temperature of the ground, at the surface, caused by the
sun’s heat, differs in different countries, yet at less than 100 feet below the
surface the temperatme in everywhere the same; and below that pont the
temperature everywhere increases with the depth, so rapidly that the in-
tenior of the globe must be 1n a state of fusion,

(1). This internal heat, we conclude, 18 the cause of volcanoes, hot
springs, &c.

(R). It appears probable that there was a time when the whole globe
was one hquid glowing mass. The waters must at that time have been 1n
the form of steam, and no ammals or vegetables could have existed on the
earth. 'When the earth cooled, by the radiation of 1ts heat into infimte
space, a crust would form over it, as we see 1n the cooling of molten lead.
As the cooling proceeded, the watery vapour would settle down m a hiquid
form,

(3). Under these circumstances as 1t might appear at first sight that the
earth should have been umformly spherical, But, as we see a parched clay
soil, as 1o the bed of the Ganges, sphit, as 1t hardens and contracts, to
rents and fissures, 80 we may suppose the cooling crust of the earth to
have done. The water, entering those fissures, and widening them more
and more by its solvent power, would penetrate at last though the tlin
crust to the still glowing 1uterior mass. The 1esult of the sudden contact
of a large body of water with a red hot surface would be the formation of a
vast body of steam. The steam, bemg enormously expansive, would press
in every direction with irresistible force, rawsing the crust of the earth here
and there, and puffing 1t up 1nto large vesicles, as a cluld blows soap-bub-
blesin a dish. Where these broke, the hiquid mass within, forced out by the
steam, would pour out upon the sarface, and harden there. Thas, we may
conceive, were the first high grounds or mountamns formed on the surface,

(4). The tops of bugh mountains, as already mentioned are cold, as is
proved by the perpetual presence of snow upon them, as in the H1m,5,13ya.
The snows of lofty mountains are the sources of great ri

) ar ivers, as the Ganges.
Great rivers carry down quantities of solid matter, abraded from the moun-

tains, and deposit this in the lower grounds, Thus have the Sunderbans
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been formed by the Ganges, If we find portions of palmirees, and bones
of cirocodiles, tigers, deer &c., embedded 1n the strata of the Suudarbans,
we are not surprised, because we know that these strata consist of what was
onginally abraded and softened matter cariied downwards by the niver,
whilst palmtrees giew, and tigers, &c., lived, 1 the vieimity. So, con-
veisely, when we find the remains of plants and amimals 1n the stratified
rochs of which we have been now speaking, 1t secms reasonable to conclude
that those rocks weie once dissolved thiough water, just like the mud that
formed the Sundaibans, aud that the plants and ammals, the remams of
which we find preserved in the rocks, Jived at the tine when those rocks
were forming,

(56). Many of the plants and anmmals whose 1emains are found in
haidened 10chs, were of very strange hinds, Anatomists can sometimes
1ecoguise the species of an ammal by means of a single boue; how much
more s0, then, when entire skeletons have been discovered. Weshall des-
eribe very biiefly some of the amimals wlich, from an examination of theiwr
skeletons embedded in rocks, have been asceitained to have existed on this
globe at the period when those rochs were formed. The Mammoth, the
elephant of the ancient woild, was about 9 feet lugh, and above 1G feet
long from the point of the nose to the end of the tmil. Its tusks were nine
feet aud a halt 1n length, and were very much curved, Tts body was covered
with hawr. The Megulosaurus, or alligator of the ancient world, was be-
tween 40 and 50 fcet 1 length.  Its bones are found 1n England, a country
which 18 now too cold for alhigators. The Iguanodon, or gigantic 1guana, a
kiud of long-tailed hzard, grew to above 70 feet long. The Ichthyosaurus,
or fish-lizard, must have resembled an alligator with fius mstead of feet.
The largest species was about 20 teet long. Its eves weie larger than a
man’s head. The Plesiosaurus diffeied from the Ichthyosaurus in having a
very small head, and a long neck hike the body of a serpent. The Ptero-
dactyle, or flying hzard, had a head like a crocodile, and wings like a bat.

(6). We have recognised fire and wafer as the two canses of the distri.
bution of the earth’s crust. Having an eye, like the Europeans, to my-
thological recollections, let us designate those formations which were due
to water as Neptunic (Vdrunika), and those which weie due to fire as Plu-
tomic (L gneyika). Considering the thinness of the earth’s crust at these
early periods, and the proximity of the internal fire, 1t seems that both
earth and water must have possessed a lugher temperature than at the
present time; and that those beings only were produced npon the earth
which weie capable of existing under the then existing conditions. Thus
we may understand how crocodiles ancieutly hived in the rvers of England,
where (under the ice which now incrusts those nivers during the winter) they
could not now exist. In hike manner we may understand how palmtrees
once flonrished in England, wheie now they will not grow. That a deficien-
cy of heat is the reason, 1s shown by this, that, in a large glass-hounse, in
England, well-warmed artifictally, palm-trecs grow beautifully, and cro-
codiles, brought from India, flourish, as if in their native land.

(7). The chasms, before mentioned, in the crust of the earth, may
have frequently been filled up by the contraction of the general mass, or
by the influx of agueous deposits. But in 1solated locahties where these
chasms happened to be very wide, or from other causes, these openings

have been preserved, and exist, up to the present day. To these open-
ings we assign a name :~—
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Aphorism IV,

Openings in the earth, from which the water, penetrating to the ignited
internal matter of the earth, causes eruptions of fiery matter, are called
volcauoes.

(1). One of these is Barren Island, in the Bay of Bengal, Others are
Vesuvius, Etna, Hecla, &ec.

(2). When an eruption takes place, and red-hot melted matter is forced
out from the mouth, or crater, of the volcano, this flows down the sides of
the mountain, destroying everything it meets. Finally it hardens, forming
the rock called lava.

(8). In course of time all volcanos seem to become extinct, asis the
case already with many. That these extinct volcanos were formexly active,
is inferred from their having craters, and their presenting masses of har-
dened lava, arranged just as we find 1t in the volcanos which are still
active.

(4). TItis by simlar reasoning that we arrive at the conclusion that the
unstratified rosks, which we have named Plutonic, were forced up in a state
of fusion. The stratfied rocks traversed by these, are hardened at the
place of conjunction, as the inner side of the wall of a kiln 1s hardened by
the firte. From siumilanty of effects, similanty of causes 1s inferred.

(6). We proceed to enumerate the unstratified rocks 1 thewr order.

Aphorism V.

Granite, Greenstone, Porphyry, and Basalt, are the Platonie rocks.

(1). As Greenstone is found piercing through Granite, but never the
reverse, the Granite must be the older formation. For the same reason
Greenstone must be older than Porphyry, and Poiphyry than Basalt. The
newest 1gneous rock 1s the lava, which 1s formed dunng the eruptions of the
voleanoes which are still active.

(2). The relative positions of the rocks, both stratified and unstratified
can be conveniently illlustrated by diagrams, which may be found 10 works
specially devoted to the science of Geology.

Aphorism VI.

A knowledge of the relative position of rocksis of great importance to
the miner.

(1). It must be understood that the stratified rocks do not occur every-
where in complete succession, as enumerated m Aph. II. What we assert 1s,
that they mnever occar out of the regular succession, For example, clay-
slate never occurs above coal, nor coal above chalk. Hence, where we find
clay-slate at the ‘sorface, we know that 1t is needless to dig for coal ;—and
so of other cases. Fruitless labour and expense are thus saved.

(2). Having thus, in some measure, enquired into the constituents of
the globe, and the causes of the arrangements of those constituents, we

nov; proceed to enquire what aspect the globe consequently presents on its
surface,
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Section 1I.—Puvsicar. GroGraPmY.
Aplorism VII,

The ocean covers nearly three fourths of the surface of the globe. The
great masses of land are found 1n the Northern portion of the globe, and
the waters of the great ocean in the Southcin portion..

(1). The great mass of land formed by Ewope and Asia stretches from
‘West to East over halt the globe, while the American continent has its
greatest length from North to South.

(2). Itis obseivable that all the great masses of land terminate in a
point, hike a wedge, towards the South. This 15 seen, 1n alarge scale, m
the case of Africa and Awerica, and, ou a smaller scale, in India, Aralia,
Malaceca, Greece, Italy, &e.

(8). Al the great counnental masses of land rise gradually fromn the
shoies of the sea towards the mtertor. In all the contments the lne of
greatest elevation, 1nstead of being central, 1s nearer to the coast on oue
side than on the other. Hence arnse two uuequal slopes towards the ocean
in contrary directions. In the Old World (—meamng Europe Asia and
Africa—) these dechvities look North and South, whereas 1n the New
World {—as Amenica s called—) they Jook East and West,

(4) Phe principal slopes of the Old Waild are those which commence
from the elevated land ot cential Asia. Northward of tlus, the ground
slopes away, thiough Sibena, tothe sea, for 2600 nnles The southern
slope reaches the sca at only 400 miles distance. 1n the New World the long
and gentle slopes are towurd the Eust, and the shoiter and moie precipitous
towards the West,

(5), Auother difference between the Old and the New Woild is to be
found 1n the vast table-lands which abound 1n the former, while m the New
Would the level ground 1s comparatively httle elevated above the sea, 1n
central Asia there are vast table-lands ot from 5000 to 14,000 fect m eleva-
tion, supported by huge chains of nountans.

(6). Upon the altitude and direction of the gieat mountain chainsde-
pend the course and extent of the great rivers.

Aphorism VIIL.

The tops of lofty mountains are cold, and there is a limit beyond which
if a mountain rises it 1s always covered with snow fiom that lint to the
top.

(1). Since the heat of the atmosphere constantly diminishes 1n ascen-
ding from the surface of the earth, there must m every count:y be a cer-
tain limit of elevation at which the an attans the tempeiature of freezing
water. This limit, which 1s ealled the ‘snow-line’ or the ‘hmit of the
snows’ (hema-simd), differs in height, in different countrnes, according to
the heat of the climate. In the Hlimdlaya mountams {on the southern
face) 1t 1s about 13,000 feet above the level of the sea. In the south of
Europe, where the climate 1s colder than that of India, the line of perpetu-
al snow is only about 9000 feet above the level of the sea; while, near the
poles, snow covers the land down to the water’s edge.

(). A natural consequence of a river’s taking its rise in a snowy range
next requires our notice.
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Aphorism IX.

Even when there isno fall of rain, those rivers which arise from the rel-
ting of the snow of lofty mountains become swollen 1n the hot weather.

(1) Thisas obsetrvable in the Ganges at Benares, and the reason of the
increase of the water must be evident to those who reflect that the 1iver
comes from the melting of the snows of the Himélaya mountains,

(2). As the Ganges 1s flooded durnng the summer, so too 1s the river
Nile in Eeypt. The following remaiks relative to the cause of the flooding
of the Nile aie taken fiom the work of the Grecian historian Herodotas,
who lived 427 years before Vikramdditya (B C. 484).

(8). “ Concerning the nature of this river,” says Herodotus, “ T was not
< able to learn anything, from the priests or from any one besides, though
¢ T questioned them very pressingly. For the Nile 1s flooded for a hundied
¢ days, beginning with the sumumer solstice ; and after this time 1t dimini-
“ shes, aund 15, during the whole winter, very small  And on this head I
“ was not able to obtain anything satisfactory from any oune of the Egyp-
« fians, when I ashed what 15 the power by which the Nile 15 1n 1ts nature
¢ the reveise of other rivers. Yet there are Greeks who, wishing to appear
“ very wise, have offered thiee explanations of the peculiarities of this mver.
« Of these explanations one 1s as follows :(—That the north-wind, which
¢ blows 1n the summer, 1s the cause of the rise of the river by preventing it
¢« from discharging itself into the sea. But often 1t has happened that the
“ north-wind has not blown ; yet the Nile las rmsen as mgh asever. Be-
5 gides, 1f the north-wind were the cause, it would follow that all nvers
¢ which flow against the north-wind must exhibit the same effect; and so
¢ much the more as theiwr sticams are teebler. But there are many rivers
*¢ gxposed to this wind which undergo no such change as that which takes
¢ place 1n the Nile.

(4). “ The second explanation is this that the rise of the Nile happens
¢ becanse the Nile flows from the ocean, which, us they say, encompasses
“ the whole earth. Butas to what is here smd of the ocean, 1t 15 an obscure
¢ fable, destitute of proof. I know of no such river as the Ocean. Homer,
“ perhaps, or some of the earhier poets, findiug the name, transported 1t mto
¢ the language of poetry.

(5). “ The third explanation is this, that the overflow of the Nile arises
¢ from the melting of snows. But now, how can 1t be that a river which
 rises1n Labya, passes through Etlhopia, and discharges itself in Eeypt—
‘ thus proceeding fromn the hotter to the cooler regions,—should owe its rise
“ to snows? There are many reasons whicl may convince any man that
“ this caunot be the case. In the first place—and 1t 1s a sufficient evidence
“ to the contrary—the wind that blows from these regionsis hot. Again,
¢ the men of those countiies are blachened with the heat. Besides, hites
¢ and swallows remain there through the year, while cranes, flying from the
* Scythian winter, take up their abode there during that season. But, of
¢ necessity, none of these things would happen 1f, 1n the countries through
¢ which the Nile runs, and where 1t takes its 2ise, suow fell even 1n the
* smallest quantity.”

{6). Trom all this 1t is clear that Herodotus was not aware of the differ-
ence between the chmate of hugh mountamns and of the plains in a torrid
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region, which has been already declared. Those, on the other hand, who are
acquainted with tlus fact in 1egard to mountains, would at once 1ufer, from
the overflow of the Nile 1n summer, that the niver tahes 1ts rise 1 a snowy
range, and that it does so, just as the Ganges does, has now been ascer-
tained by wspection,

(7). Now, he who travels among the Ilimdlaya mountans, and secs, one
after another, mmumerable peaks and mnumerable streams descending from
them, 1s apt to think that there 18 no order or airangement 1n the matter :—
but 1f he takes a comprehensive view of the whole at once, he will see that
there 1s a certain amount of uniformity in the arnangement throughout, the
nature of which we now proceed to declaze.

Aphorism XI.

The Ilimilaya range of mountans extends East and West, along the
North of India.

(1). In tins range there me various 10ads by which travellers can pass
the mountains into the countries beyond. The lmne of snowy mountains in
wlnch these passes occur 1s therctore called ¢ The Ghit-line of the snows’ :
—[the woird ghdt meaning a pass].

(2). Nest, of the great peahs.

Aphorism XII.

From the Ghédt-ine of the Himélayas, the higlest peaks, with their at-
tendant 1ndges, extend southwards

(1). Begmmung with the peak of Jamnautri, where the Ganges rises, and
rechomng castward, these southward-pointing ridges are those of Jamnau-
tri, Nandadevi, Dhawalagii, Goswamisthina (or Gosa’in-thin), Kanclun-
gir1, Chamaliti, and the Gemini,

(1). Next as regards the distribution of the rivers belonging to these.

Aphorism XIII,

Between these 11dges the numerous streams gradually umte to form a
sngle river.

(1). Between the ridge belonging to the peak of Jamnautri, which is
25,669 feet high, and Nandadevi, which 1s 25,598, the stieams flowing
down from the melting snow, gradually converge in consequence of the
concave form of the region; and thus, although there are many consider-
able hills between these two ridges, such as the peak of Keddindth near
Gangautii, all the pninapal stieams umite into one, and form the Ganges,

(2). In like manner, between the ridge belongiug to the peak of Nanda.
devi and that belonging to the peak of Dhawalagin, many streams unite to
form the Kainéti, called also the Ghargata (or Ghogra), and this {alls into
the Ganges.

(3). Agamn, between the ridge belonging to Dhawalagiri, and that of

Gosnémisthéna, there aie the rivers called collecuively the Sapta-gandaki;
and these, uniting mnto one stream which beais the name of the Gandaka,
next join the Ganges,

(4). Between the ridge of the Goswémisthina and that of Kanchangiri,
there are the xivers called collectively the Sapta-Kausika ; and these umt-
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ing next join the G anges in one stream which bears the name of the Kaun-
si, And so in the other valleys of hike formation.

(5). Now, on leaving the mounntain valley, what kind of ground do these
rivers meet with before 1eaching the Ganges? On this point we have to
remark as follows : —

Aphorism XIV.

These rivers cut thewr way thiough the range of sandstone ulls that lies
parallel to the Hundlaya.

(1), Tins range of sandstone hills 1 not more than from 300 to 600 feet
above the ground on either side.

Aphorism XV.

Above the sandstone range are the Dhdns, below is the Bhdvar, and be-
low that the Tard’i

(1). The mean breadth of the Himélaya 1s about ninety miles. Tet tlus
be divided 1nto thiee portions, of thirty mnles each, and 1t will present three
chimatic divisions, the lower, middle, and upper. Let the lower region con-
sist of the Ta18’l, the Bhédvar (or Sél {orest), aud the sandstoane rauge with
its Dhins (or valleys),—i. e., let 1t occupy from the level of the plains to
about 4000 feet above the sea .—the middle region will consist of the ground
from there to about 10,000 feet above the sea; and the upper region, of the
ground above that.

(?). Now, we mentioned before that the topsof high mountains are
cold, aud 1t 1s evident that if there be snow on the top of a mountain, and
the air be warm at the fuot, the temperature must be gradually colder from
the foot to the top Now some ammals love heat, and others love cold ;
and sowme plants love heat, and others love cold; and both anunals and
plants thuve best 1z those places where they find the teniperature which
they prefer. This 18 found to be the case all over the world ; and how at
1s exemplified 1n the Himdlaya we proceed to state :—

Aphorism XVI

Plants and animals are different at different heights on the Himélaya, as
is the case with other lngh mountains also.

(1). Thus, as regards vegetation,—in the Jower region there is the Sil
(Shorea), the Sissd (Dalbergia), the Tund (Cediela), the Paldsa (Butea),
the Banian (Ficus Indica), the Peepul (Ficus rehigiosa), &e. In the
niddle region, instead of these, there are trees® that grow n such climates
as that of England, and which will not thrive 1n warm chmates, In the
upper region there are piues, birches, and the congeners of such other
plantst as love a degree of cold even greater than that of England.

(2). As regards zoology,—in the lower region live such amimals ;—menf

¥ Oaks, Alders, Cherries, Pears, &e., correct names for which are not hastily to be
detexmined in the plains.

1 Jumipets, larches, &e, 1 The Koch, Bodo, Dhimal, &e.
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&c,—as love heat. In the middle region hve such* as suffer in the heat
of the lower region. In the upper region live sucht as cannot thrive 1n
the heat even of the middle region.

(8). Then agan, 1n the lower region there are elephants, rhinoceroses,
tigers, and deer. In the middle region there are no elephants, rhinoceroses,
or tigers, and only one kind of deer. In the upper 1egion there are none
of these, elephants, deer &c., wlule in that region alone, of the thiee, are
found the wild goat and the wild sheep. Then agan, theie are 1 the upper
region no crows such as are seenn the lower one, and very few of these
are met with even 1n the central one,

(4). Thus, within the mis of the Himdlaya, in consequence of the
increasing coldness of the chimate from the base upwards, there are to be
found such climatic and other differences as are not usually to be met with
except at wide intervals on the earth’s surface.

(5). We shall now mention the great divisions of the earth’s surface as
recognised by Europeans.

Aploresm XVII.

The dry land is dinided into four portions, called respectively Asia,
Afnica, Europe, and America.
(1). Now, how ate these four to be recognised ?

Aphorism XVIIL

Asia is the division in which India 1s situated, and Europe that in which
is England :—Africa and Europe lie to the west of Asia, Burope bemng to
the north of Africa:—America extends from north to south over great part
of the hemisphere that 1s antipodal to India.

(1). Some countries are warm, and some are cold. With regard to the
principal reason of this we have to observe as follows :—

Aphorism XIX.

The climate of a country depends mainly upon its receiving the sun’s rays
perpendicularly or obliquely.

(1). In countries near the equator, the sun’s rays fall nearly perpendi-
culatly upon the earth ; and these countries are warm, as India. Countnes
placed nearer the pole receive the sun’s rays obliquely, hence n smaller
quantity, and are comparatively cold, as England.

(2). We have already explained how rivers take their rise in mountains,
as the Ganges. e.g., in the Himélaya mountains. Now in Africa the moun-
tains are few ; hence the rivers are few, and much of that region 1s conse.
quently a desert.

* The Lepchas, &c. t_The Bhotzyas.

END OF BOOK !sxxr'n.
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SYNOPSIS OF SCIENCE,
BOOK VII.

INTRODUCTION.

(1). Having, in some measure, described the Earth, which is in some
parts suited for the habitation of Man, and in other parts not,—let us now
enquire how men have distributed themselves over the earth, and what they
have done there.

Secrion I —Hisrory.

(2). We proceed to give a concise account of what the European world
in general regards as the true history of mankmd.

dplorism I,

The world was created by God. The first man and woman, by disobedi-
ence, forfeited Grod’s favour, and thus sin and misery entered the world,

(1). ¢‘The first man and woman’, &c. They appear to have dwelt in
Bactria, north of the Himélaya, From that spot mankind gradually spread
over the earth.

(2). Now we narrate the commencement of the building of cities and
villages by their descendants,

Aphorism II.

The first great city was Babylon, built by Nimrod, rather more than
2000 years before the time of Vihraméditya. Another great city, named
Nineveb, was soon after hwlt, not far from Babylon, by Asshur. Ths
beeame the capital of the Assyman monarchy.

(3). Next we have to notice the rise of a monarchy in Egypt.

Aphorism III,

The country watered by the river Nile, where the continent of Africa
joins that of Asia, was the seat of a monarchy from very early times.

{(1). Since the river Nile flows thirough that country, the ground there,
though no ram falls, 1s fertile,—being overflowed by the river in 1ts annnal
inundation. It was this that led to the founding of a kingdom there,

(2). Now we have to notice the history of Abraham,
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Aphorism IV.

At an early period a wealthy and virtuous man, named Abraham, then
resident in Babylonia, was called by God to leave his country, and to re-
move to Canaan, a country lymng along the eastern shore of the Mediter-
ranean sea which washes the north of Egypt.

(1). At the same time God promised that all mankind should be blessed
through One who should be born among the descendants of Abraham.

(2). Now, in two aphorisms, we state briefly what befel the race of Ab-
raham,

Aphorism V.

To Abraham, who accordingly removed to Canaan, was born Isaac; to
Isasc Jacob, and from the twelve sons of Jacob aiose the twelve tribes
who are generally known under the name of Jews. In a season of famine,
Jacob with his sons took refuge 1 Egypt.

(1).—Moreover—

Aphorism VI,

‘When the Jews became numerous, the Egyptians began to dread them,
and attempted to stop their increase by putting all their male children to
death. About 1450 years before Vikramiditya, the Jews, headed by Moses,
abandoned the inhaspitable conntry, and proceeded to resume the country
of Canaan winch God had given to theiwr ancestor Abraham.

(1). Next weshall state, in three aphorisms, something regarding the
history of Greece.

Aphorism VII,

On the northern shore of the Mediterranean, nearly opposite to Egyph,
is the country called Greece. The whole of Greece is not larger than the
Panjab, yet 1t was divided into many separate states.

Aphorism VIIL

About 500 years before Vikraméditya, the Jews, who had been carried
awav captive by the Assynans, were 1estored to their country by Cyrus
the Persian, who put an end to the Assyrian empie. About half a century
after this, Danus, then hing of Persia, invaded Greece. He was_utterly
routed on the field of Marathon. The Persians, under s son (Xerzes),
again invaded Greece, but without success.

Aphorism IX.

The victorions Greeks then resolved to reteliate by invading Persia. The
invasion, under Alexander, took place about 800 years before Vikram4ditya.
Alexander, having overthrown the Persian empire, continued lus march
with the intention of conquering India. . i

(1). ¢ With the intention of conquering’ :—for he, having reached India,
defeated Porus, the sovereign of the Papjab ; but he was then compelled to
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retrace his steps, his soldiers refusing to accompany him further to tife
eastward.

(2). The historians of Alexander relate that a Brahman, named Calanus,
accompanied lmm on his return, who, finding the pains and weakness of
old age approaching, prepared a funeral pile, and astonished the Greeks
by consigning hmself to the flames.

(8). The name Calanus does not seem to be formed on the model of any
Indian name; and itis probable that the Grecks, not understanding his
language, and hearing him frequently employ the expression kalydnam astu
(“may 1t be well with you!”) as a benediction, made use of the sound
kalydna as an arbitrary designation for him.

(4). Now, 1n three aphorisms, we state something regarding the history
of the Romans,

Aphorism X,

To the westward of Greece there is a peninsula, streaching into the Me-
diterranean, very much 1n the form of a man’s leg. The name of this
pemnsula 1s Italy., TIts principal aity, called Rome, was founded about 700
years before Vikramdditya.

Aphorism XI.

About the time of Vikramiditya the Romans had subdued almost all the
countries of Europe. The leading man among them at that time was
(Julius) Cesar. Having subdued the country, now called France, which
lies to the north-west of Italy, he found that a large 1sland, called Britain,
lay stall further north, This island he invaded, and he subdued part of the
southern portion now called England.

. {1). Whatever learning the Britons at that time possessed was confined
10 a body of priests, called Druids, who held the doctrine of Transmigra-
tion and offered human sacrifices. It was not t1ll more than six hundred

years after Vikramdditya that the Chnstian rehigion began to preval in
Britain,

| Aphorism XII.

About five hundred years after Vikram4ditya, the great Roman Empire
crumbled to pieces before the attacks of the mhabitants of the north of
Europe, and out of the fragments the kingdoms of modern Europe arose.

(I). Now we state somcthing regarding the history of Spain, one of
these fragments of the Roman Empire.

Aphorism XITI.

One of these, the country called Spain, lies to the south of France.
Somewhat more than 780 years after Vikramdditya, Spain was overrun by
the Musalrains, the followers of Muhammad.

(1). Here, since 1t 1s connected with the history of Spain, we mention

sometling regarding the history of Muhammad, in the following apho-
risil.
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Aphorism XIV.

Muhammad, about 680 years after Vikramiditya, establisheda new re-
ligion i Arabia.
(}). IHis followers, being excited by him to extend their religion by the

sword, speedily subdued the countries on the African border of the Medi~
terranean.

Aphorism XV.

Tt was not till about 700 years after Vikramiditya that the complete expul-
sion of the Musalmans from Spamm was effected. They had attempted to
extend their conquests to the north of Spain, but they i1eceived so severo
a defeat that they did not again attempt to 1nvade Frauce.

(1). Now we have to mention something of America,—and first of 1ts
discuvery.

Aphorism XVI.

About the time when the Musalméins were expelled from Spain, Columbus
proposed to various potentates the plan of a voyage of discovery across the
ocean to the west of Europe.

(1). “Proposed’, &c:—for he argued that 1t was unlikely that the whole
surface of the hemisphere opposite to that side of the globe where Europe
and Asia are situated should consist of water alone. Ilis views were at firss
nidiculed by many persons, some of whom said that 1t was impossible for men
to live on the other side of the globe, because, 1f placed there, they must
tumble off. Others, with the same notions, densively asked him how Iis
ships, if they once saled down to the other side of the globe, could ever sail
up again. Columbusiephed to these objections by much the same arguments
as those emploved by Bhdskara Achérya. At length his arguments gained
the assent of Queen Isabella of Spain, who furnished him with the means
of making his voyage of discovery. He discovered the great continent of
Aumnerica,

(2). Now we have to mention something of the subsequent history of
America.

Aphorism XVII.

Many Englishmen, having gone to America, settled there.

(1). When these settlers became numerous, they began to object to pay
taxes to England, thinhing that they were qualified to take care of them-
selves without the superintendence of the mother-country. This led to an
unhappy war, which ended in Enzland’s leaving this colony to take care of it-
self, which 1t has hitherto done very well, having become a very populous
and wealthy nation. It 18 presided over not by a king but by a president,
a new one bewg elected every four years.

(2). Now m order to mark the date of the commencement of those e~
vents which have arisen out of the intercourse between Eugland and India,
we observe as follows,
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Aphorism AVIIL.

It was about 1650 years after Vikramaditya that the English began to
establish those communications with India out of which the piesent condi.
tion of India has arisen.

(1). Now we must mention something of the recent history of France.

Aphorism XIX.

About 1850 years after Vikraméditya the French nation resolved that they
would have no king. They put their king to death ; hut, after various at.
tempts to carry on the government as a republic, the direction of affaus
came into the hands of the leader of the army—named Napoleon Bona-
parte. Having made himself emperor, Napoleon exerted all his power to
destroy England ; but in the end he was overthrown, and he died a cap-
tive.

(1). More recently the English and the French became allies in pre-
venting Russia from invading Turkey. The barbarian government of
Russia, lihe a strong robber, thinks itself justified in seizing, from its
weaker neighbours, whatever 1t can seize. England and France, agree-
ing in condemning this 10bber-policy, umted in defence of Turkey, and
destroyed the great Russian fortress of Sebastopol. Russia was thus com-
pelled, for the time, to abandon 1ts designs on Turkey, and to accept terms
of peace. As England and France are the type of the most advanced civi-
lization, while Russia, availing herself of the discoveries of science only
with the wicked view of more successful robbery, 1s the type of that barba-
rism which 1s the enemy of civihization and of human happiness, 1t were to
be wished that the alliance between England and France should continue
for ever. But the friendships of nations, not less so thaa those of 1ndivi-
duals, are so liable to be broken by very tnfling caunses, that the perma-
nence of the alliance 1s rather to be wished than hoped for.

(2). Tt will be seen, by the reader of Instory, that by one course of con-
duct a nation has become rich, while through another course it has become
or remaned poor. Beginning, then, a section on the causes of theincrease
and decrease of the wealth of nations, we first explain the meaning of the
term Wealth.

Szcrion Il.—Povrricar Economy.

Apkorism XX.

‘Wealth is whatever can procure, by exchange, things desirable.

(1). Why do we say by exchange!” Because many things which are
desirable, but which are incapable of being exchanged, are not regarded
as Wealth. For example—the air that we breathe, the light of the sun,
&ce. On the other hand, other articles,—such as fuel, cloth, salt, grain, &ec.
are capable either of gratifying our desires or of procuring for us other
desirable objects 1n exchange.

Aphorism XXI.

2). 'We indicate the foundation of the distinction.
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What things, even though desirable, are attainable without difficulty, do
not constitate Wealth,

(1). Thus exchange value implies intnnsic utility, and difficulty of at-
tamnment. For example, air for breathing 1s most desirable, butat 1 fur-
nished to us without difficulty ; hence 1t does not possess exchange value.
A small piece of ice, from a lofty peak of the Himélaya, would be obtained
with great difficulty, but it would possess no exchangeable value, from the
absence of intrinsic utility. On the other hand, gramn possesses eschange
value, because 1t has mtinsic utihity, and there 1s also difficulty, 1n the
shape of the labour of the husbandman, &ec , in procuing 1t.

(2). Aud you must not say, that diamonds and pearls, devoid of in-
trinsic utihty, owe thewr gieat exchange value to the difficulty of ta-
tainment only ;—else we should have found great exchange value in the
small piece of ice, devord of mtrinsic ubhhity, but obtained with great dif-
ficulty from a peak of the Himdlaya, The mutility of diamonds, pearls,
&c., 13 asserted ouly by the foolish. Utihity means the power of gratufy-
ing a desire. To diamonds and pearls, which are highly ommamentul, this
power belongs. Pewls are not dear merely because men most dne o
the sea to procure them, but men dive into the sea to procure them, because,
betng much desired by kinge and others, and being procurable only with
difficulty, they feteh a ngh price.

(8). A drmnk of water, when water is very scarce, as on a march thiough
the desert, bears a high price ; and a pusoner, enclosed 1 a <tifling dun-
geon, would willmgly pay his gaoler for permission to whale the puie awr
which usually costs nothmg,

(4). Hence, tuo, fluctuation in the value of things desirable depends
upon difficulty of attainment When grain is abundaut, 16 1s sold cheap ;
when it becomes scarce, 1ts price rises.

(5). As there can be no exchanges, no buying or selling, without divia
sion of labour, we are next to consider the Division of Labour,

Aphorism XXII.

The division of labour greatly inereases the wealth of nations.

(1). If aman previously accustomed to the conveniences of a civilized
state of society were shipwiecked and cast shore upon an island hitherto
unknown and uninhabited, he would find himself placed under the neces-
sity, 1 order to exist, of devoting all Ius time and eneigies to the acqusi-
tion and manufactuie of the varions most simple necessanes of hfe: to
erect some rudimentary habitation as a protection fiom the weather, to kill
wild animals and diess thewr flesh, to plant vegetables, to mahke lus own
clothes, and supply other indispensable wants. The obvious consequence
would be that he would be barely able to support a laboirous and vweom-
fortable hfe, and that the varety of these unavoidable occupations would
prevent his giving to any one of them that degree of thme and attention
by which alone he could etpect to attain dexterity or perfection. But if,
after some time spent in these solitary contrivances, a second person were
accideutally brought to rehieve his lonehness, the labours and auvxieties of
the two would be considerably lightened by their sharing between them
the duty of providing for thewr united wants; for instance, while one was
hunting, or otherwise occupied abroad, the other might be engaged in the
several domestic arrangements necessary for their comfort, Their time
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would thus be economized, because a hunter could provide food for two as
easily as for one ; the same fire which one must kindle for himself would
accomodate both ; and, 1n hike manner, their other umted wants would be
supplied certainly with much less than twice the amount of time and trouble
which erther of them must have expended upon hia own.

(2). Toillustrate the questinn more fully,—suppose a number of tra-
vellers procecding through some nealy desert country, and journeymng
together 1n a hind of cafila or caravan for the sake of mutual security:
when they come to a halting-place for the night, they would not fail to
make some kind of extemporaneous arrangement, that some should unlade
and fodder the cattle, while others should fetch fire-wood from the nearest
thicket, and others, water from the spring: some 1 the mean time would
be oceupied in pitching the tents, or erecting sheds of boughs; othets in
preparing food for the whole party ; while some again, with their armsin
readiness, would be posted as sentinels 1n smtable spots, to watch that the
rest might not be surprised by bands of robbers. It would be evident to
them that but for such an arrangement, each man would have to go both to
the spring for water, and to the wood for fuel,—would have to prepare s
own meal with almost as much trouble asit costs to dress food for the
whole,~—and would have to perform all these tasks encumbered with s
arms, and on the watch aganst a hostile attack. Of course, if some of
our supposed party chanced to be by nature or by practice pecubarly quali-
fied for some particular task, and others for another, these would be res-
pectively allotted to them in preference ; but if there were no such mequa-
lity, the division would still take place, and the chief advantage of 1t would
stiil be felt.

(8). Such a case as this exhibits an instance of what may be called a
temporary Community, containing a distribution of labourers into several
departments, which have a considerable correspondence with the different
trades and occupations that are permanently established. One portion of the
members of a community aie employed to protect the rest from violence ;
another, go provide them with food ; another, to construct their habitations ;
and so of the rest.

(4). As the various labourers in a state are all said to be engaged in
producing, we must explain what 1s meant by production,

Aphorisn XXIIT

Production isthe giving to any object 1ts particular capacity to gratify hu-
man desires,

] (1). The subject to which any value has thus been given, is called a Pro-
uct.

(2). But how is the workman to suppoit himself during the time re-
quired for the completion of a product? He must live on his own or on
another’s capital,—so we define Capital.

Aphorism XXIV,

The material,. the instruments, and the workman’s means of subsistence
during production, constitute Capital.

(1). But if the labourer be supported by the capital of another, is all
the product hisown? Not go— y P I, 18
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Aphorism XXV.

The proceeds of production are distmbuted into wages, profits, and 1ent.

(L)« Wages arc the price of Labour ; Profits are the price of Capital,
or the share 1n the product which goes to the Capitalist , Rent is the shae
which goes to the propuietor of the land, with its nnes, water-power, &e.,
by which the raw materals of labour are origmmally furmshed. A detaled
explanation of this cannot be given here, for fear of prolisity.

(2). But what becomes of products? We reply.

Aphorism XX V1,

Things produced are either ssmply consumed, or are employed m produc-
g more valuable products, or are eschanged for other productions.

(1). Thus a potter may exchange a number of pots which he cennot
use himself, with a weaver, for a web of cloth, which he needs for cloth-
ing. Tlus transaction 1s termed Darter,

(2). But sowetimes the potter though wishing to exchange his pots for
something desirable, may not wish to exchange them for a web; mn thy
case the weaver if he desire the pots, may offer something which the potter
may tetan until he meet with o thard person, who will give him what he
wants, 1 exchange for this.  Aunything thus given m payment and mtend.
ed not to be used but to be paid away again, scrves the purpose ot woacy.
"Thus, 1n some countries pieces of cloth, of a certmin size, are currcnt as
money ; n others, wedges of salt ate used tor the same parpose , 1n others,
shells,—and so on.  But the most conventent form of money 1s that ot the
precious metals.—

Aphorism XXTII,

The use of the precious metals as money greatly facilitates exchanges,

(1). Lycurgus, an ancient ruler of the Spaitans, having taken an mjudi-
clous view of what was conducive to the happiness of s counntry, forbade
the use of the precious metals as money, and allowed no metal to be comed
except Iron. From the great weight of the iron money, and its small
exchange value, 1t was qute unsuited for purposes of exchange. Ex-
chauges consequently dimimshed, and the country became poor and savage.
Other foolish laws 1n regard to money have injured the prosperity of na-
tions. The most sinking example, perhaps, of the effects of such an error,
1s afforded by a passage in the lstory of Spain. The large quantities of
gold bullion which the Spamards found and seized, upon their conguest of
Peru, induced them to believe that they had become the possessors of -
eshaustible wealth, TIgnorant of the uses of wealth, and of the fact that
gold 18 valuable only as o means of stimulating commerce, they passed a
Jaw forbidding its exportation, and so prevented 1its being used in the only
way 10 which the command of 1t could possibly be an advantage. The con-
sequence was, that while large masses of the precious metal, in bullion
and plate, were accumulated 1n the possession of many puvate individuals,
these same persons and the commuunity at large were sufferning a want of
the most common necessaries of hfe. On this occasion, the government of
Spun were guity of conduct which, on the part of a single imdinidual,
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would be justly commiserated as insanity. If an imdividual possessing
a large sam of money 1n gold coins were to deny himself food, warmth, and
shelter, until hus sufferings terminated ns existence, there would be no he-
sitation in pronouncing that he had destroyed himself, under the influence
of chronic insamity ; and the fact that such a course has been pursued by a
whole nation cannot possibly make 1t appear more rational.

{2). Thus we have scen how certamn arrangements increase the wealth of
a nation, and how an unwise wnterference with the natural course of these
arrangements may impoverish a nation, It 1s obvious that the wealth of a
nation consists of that of the individuals who constitute the nation. But
do arrangements which cnrich the nation always benefit each individual ?
Nay.,—

Aphorism XXVIII,

The excessive subdivision of labour tends to injure the character of the
labourer.

(1). One evil result of the division of labour when carried to a great ex-
tent, is the reducing each man too much to the condition of a mere machine,
or rather one part of a machine; the result of which 1s, that the wind 1
apt to be narrowed—the intellectual faculties undeveloped, or imperfectly
and partially developed, through the too great concentiation of the attention
on the performance of a single, and sometimes very sumple, operation,—such
as the pointing of a pin.

(2). But 1s it right that the well-being of individuals should be thus
sacrificed to the increase of wealth of the nation? The question is anim-
portant one,—but 1t does not belong to Political Economy, which 1s con.
cerned about the increase and decrease of national wealth, not about Right
and Wrong,—to treat of which we begin a new Section.

Skcerion III.—Ermics anp Law,

{3). Now, as the topic suggests it, we shall consider whether the ob-
jects of knowledge may not be divided and classified 1n various ways. We
know that they are diversely classified in the Sdnkhya Plilosophy and in
the Nydya. Anstotle made the division according to the three questions
(1) What 43, and might have been otherwise ?—(2) What is, and muss
needs have been so ¥—and (3) What ought to be? Whatever is ascertained
in reply to the first question, may be ranked under the head of Physice ;
whatever is ascertained in reply to the second, under Metaphysics ; and
whatever in reply to the third, under Eikics. TFor example, a piece of clay,
known previously to have been soft, is found to have become hardened in-
to a piece of brick. We cannot conceive that this change took place with.
out some cause. Thatthere musf be a canse of everything that begins to
be, is reckoned a Metaphysical fact, 1.e., a fact independent of any particu-
lar established order of Nature. On enquiry as to the canse in the case of
of the hardened clay, we learn that the clay had been brought into contact
with fire. That the fire hardens clay 1s a fact which we have no difficulty
in conceiving to be otherwise; we could conceive the fire to soften the
clay, asit actually does soften wax. That fire hardens clay, ard softens wax,
is a Physical fact, i.e. one included under the existing order of Nature.
The question never occurs to us whether it be right or wrong in the fire
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that it hardens clay or softens wax: we neither commend the fire in the
one case, nor blame 1t in the other, The question of 11ight and wrong,
however, does present itself when we observe the actions of mankind.
Some actions excite our disapproval, wiule others extort our approval.
We call the one set wrong, the other right. We say that the one kind of
actions ought not to be done, and that the others ought to be done, * The
word Ought introduces the wmind into 2 new region, to which nothing phy-
sical corresponds.”®  This 1s the region of Efhics, or Morality.

(4). We have remarl.ed that ethical considerations do not apply to such
things as fire,—whether it harden a thing, or softena thing, or whatever
else 1t may do; but that these considerations apply to human beings.
Do they, then, also apply to drufes,—~who perform actions which we reward
by caresses, or puunish by blows, mn order to encourage or to check thewr
repetition? No. The difference hetween the two cases is this, that the
brute, when it does what we see proper to check, does not lknow ihat it s
downg wrong, nor can 1t be made to know this, It can only be made to
know that 1f 1t do certain acts, pumshment will follow. Man, on the other
hiand, can be made to recogmise an act as right or wrong without reference
to the consideration of immediate reward or punishment. Man alone,
theicfore, of the wmhabitants of the earth, is regarded as a Moral Agent.
In other woids, man’s actions may have a moral quahty, We proceed to
cousider what 1s meant by the wmoral quality of an action.

Aphorism XXIX.,

By the moral guality of an action, we mean its bewg 1492t or wrong.
(1)s But how do we know that an action 13 right or wrong ?

Aphorism XXX,

The faculty by which we recognise a distinction m the moral quality of
actions, 1s called conscience.

(1). Conscience manifests itself in a judgment of the mmnd respecting
duty, accompamed by an emotion of approval or of disapproval.

(2). But why are we bound to defer to the dictates of Conscience 2

Aphorism XXXT.

The supremacy of Conscience 1s mvolved i the very conception which
mean form of this faculty.

(1). Conscience, by disapproving, may forbid the will to contribute to
the gratification of a desire. No desire ever torbids the will to obey the
conscience. However often we disobey the voice of this momtor, we al-
ways have the feeling of self condemnation accompanyiug our disobedience.
To the same effect Manu speaks, in s 8th Chapter, with advertence to the
magistrate’s warning the witnesses to speak the truth :—¢ The soul itself 1s
its own witness; so 1s the soulits own refuge; offend not thine own soul,
the best witness of men—[inasmuch as its testimony may support them
under false accusations, whereas the applause of the world is of no aval to
him whose Conscience condemns him].”

v Macintosh’s Dissertation.
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(2). But is this gmde to be trusted,—seeing that the conscience of one
man, ¢ g., a Thug, approves and enjoins what the conscience of another
man condemns? Iniegard to this we state.

Aphorism XXXII.

Conscience may be more or less perfectly enlightened.

(1). As Couscience volves a judgment of the mnd respecting duty,
—and as no man’s knowledge is peirfect or infallible,~—t follows that so far
as there 1s error 1n the judgment, 1n relation to matters of duty, just so
fur the couscience 18 hiable to be misguided.

(2). DButis a man blameable who, 1n obedience to his conscience, does
what s wrong ? Yes,—Dbecause that 1gnorance which might have been avoid-
ed, never excuses from blame. When we do wrong while obeying the dic-
tates of conscience, the erior does not consist 1n that obedience, but 1n not
following the mght rule, with which 1ule the accountable moral agent
should be acquainted.

(8). Dut how 1s conscience to be enlightened ?

Aphorism XXXIII.

Conscience must be enlightened either by the exercise of reason, or by
revelation.

(1), The exercise of reason, m discerning the coincidence between the
aseful and the morally right, helps to enhghten the Conscience ; for,—

Aphorism XXXIV.

Of no action which 18 morally mnght 1s the ultimate result injurions, nor
of any action which 1s morally wrong s the ultimate result beneficial.

(1)« How revelation may enhghten the Conscience, 1s evident.

(2). Well, what a1ethe actions epjommed and foibidden by an enlight.
«ned Conscience ? With a view to aunswering this question, we divide
Daties,

Aphorism XXXV,

One’s duties are either towards God, or one’s neighbour, or one’s self.

(1). One’s duties towards God are fear and love, implying a willing
ohedience to His revealed will. Oune’s duties towards one’s neighbour are
cither determined by law, e. g., not to steal, or not so determined, ¢ g.,
benevolence.  One’s duties towards one’s self are Self-preservation, Tem.
perance, aud Purnity.

(2). Oune’s duties towards onc’s neighbour heing expressly determined
by Liaw, or nut so determined, proceeding now to say sometlung 1egarding
Law, we gwve Bacon’s division of 1ts aims.

Aphorism XXXVL

¢ The use of the law consisteth principally in these three things, (1) to
secure men’s persons from death and violence, (2) to disposc the property
ot their goods and lands, and (8) for preservation of their good names
from shame and infamy.”
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(1). Allgood laws consist in more particular applications of certain
very general prineiples, of which, as embodied 10 the current maxims of
the law, we shall now notice one or two.

Aphorism XXXVII,

Salus populs suprema lew (—i. e., That regard be had to the public wel-
fare, 18 the highest law),

(1). Iu cases of necessity, the welfare of the individual must jyield to
that of the community. When a city 1s ou fire, the house of an mdividual
may be pulled down, to arrest the progress of the fire,

Aphonism XXXVIII,

Leges posteriores priores conirarias abroyant (—i. e. When the provi-
sions of a later statute are opposed to those of an carlier, the carhier statute
1s considered as repealed.)

Aphorism XXXIX.

vova conshitutio futuris formam umponere debet non preeferitis. (—i, e,
A legislative enactment ought to be prospective, and not ietrospective, in
its operation.)

(1). The mmjustice or 1mpolicy of retrospective legislation 18 more ap-
patent with reference to criminal laws, than to such as 1egard propesty or
contracts. It would be unteasonable, atter an action s committed, then
for the fust time to declare 1t to have been a erime, and to wfhet 4 punish-
ment upon the person who lhas commitied 1t, beeause 16 was impossible that
the party could foresee that an action mnocent when it was done, would be
afterwards converted into gmlt by a subsequent law; he had therefuie no
cause toabstain from it, and all pumshment for not abstaning must, of
comsequence, be cruel and unjust.

(2). Itis sometimes necessary, however, to make laws appheable to
past transactions in regard to property.

Aphoresm XL,

Nemo delbet esse judex wn propria sua causa . (—i. e., No man cau bea
judge mn hs own cause).

(1). Wheiea judge1s interested in the result of a cause, he caunot,
either personally or by deputy, sitin judgment upon 1t

Apharism XLI,

Non potest adduci exceptio ejusdem vei cujus petitur dissolutio : (—i. e, A
matter, the validity of wiich 1s at 1ssue 1 legal proceedings, cannot be set
up as a bar thereto). ) i

(1). Thos1f a party appeal against an attainder, the fact of lis having
been attainted cannot be set up as a bar to lus bemg heard on that pout.
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ApForism XLIL

Allegans contraria non est audiendus (—i. e.,, He is not to be listened
to who alleges things contrary to each other).

(1). Thus if a man, 1n order to escape responsibility, demes that he 1s
a trustee in a certain case, he cannot be allowed afterwards to claim the
emoluments attached to the office on the plea of his being a trustee.

Aphorism  XLIII,

Sic utere tuo ut alienum non loedes. (—i. e., Enjoy your own property
in such a manner as not to injure that of another person).

(1). Thus a man 13 at liberty to build a house on his own ground, but
he must not build 1t 1n such a way that the ram-water pouring from the
roof shall damage the house of a neighbour.

(2). So much for laws whose sanctions are punishments infhcted by
buman judges. i

(8). Now of duties towards one’s neighbour which are not enforced by
legal penalties, but the fulfilment or the infiaction of which 1s regarded
with approval or disapproval by God, the Supreme Judge.

Aphorism XLIV.,

One’s duties towards one’s neighbour, enjoined by God, though thewr
infraction 1s not pumshed by humaun laws, are Benevolence, Gratitude for
favours received, &ec.

(1). Here 1t 1s assumed that there is a God, but thisis denied by the
Sénkbya, who contends that there 1s no evidence of a God. 'We therefore
commence a section on the evidence that theire 13 a God.

SsecrioN 1v.—NaTurar Trreorocy.

(2). In the Siddhdnta Muktdvali we find the following argument :——
* Such productions as a water jar are produced by a maker, and so also are
“the earth and the trees; and to make these 1s not possible for such as we
“are; heuce the existence of the Deity, as the Muker of these, 1s esta-
bhshed.” The principle on which this argument 13 based 1s the following.

Aphorism XLV,

The evidence of design proves a designer.

(1). ‘The evidence of design,’ 1. e, some purpose manifestly accomphshed.
“The guestion which the theologian always puis upon cach discovery of a
¢ pur pose manifestly accomplished 1s this .—¢ Suppose I bad this operation to
¢ perform by mechanical means, and were acquainted with the laws regu-
¢ Jating the action of matter, should I attempt 1t in any other way than I see
“ here practised? If the answer is in the negative, the consequence is irre-
¢ sistible that some power, capable of acting with design, and possessing the
“ supposed knowledge, employed the means which we see used.”®

* Lord Brongham,~—Discourse, p. 32.
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(2). But may not Nature, as described 1n the 57th of the Sdakiye
Kdrekds, operate spontaneously and unconscionsly, as the milk spontane-
ously and unconsciously becomes developed 1n the udder for the sake of the
calf 2 'We reply.—

Aphorism XLVI.

The Sdnkhya instance is not a fact, for the milk does no¢ spontaneously
become developed 1 the udder.

(1). Let astory be heard in 1llustration of this point. A certain hing’s
son, observing that at the times when he periodically became hungry, a va.
riety of food arrived at the door of his apartment, and was then present-
ed to mim by his immediate attendants, came to the conclusion that ¢ Cook-
ed food developes itself spontaneously for my sake”. On s expressing
this opimon, he was informed as follows :—¢ The cooked food 1s the result
of a series of suitable processes which take place in consequence of the
instigating will of your father the king.,”” In ke manncr the powers of Na-
ture work to our benefit, not spontancously, but as directed by the will of
our Heavenly father.

(2). Has, then, the God of Nature anywhere directly revealed IIis will
to man ? The answer to this question must be sought for by the candid
enquuer, conversant with the laws of enidence and with the facts of Na-
ture, 10 an examination of those Institutes which elaim to be revelations of
God’s will. 8o we advisc—

Aphorism XLVII.

Let professing revelations be examined.

(1). But)f these professing revelations be numerous, with which shall
we begin ? Let the enquirer receive this our advice at parting. If a pre.
tending revelation encourage the worshipping of idols, besides many cruel
vicious and frivolous practices, it 1s not likely to have come from God. Again,
if the professing revelation allure its votaries by piomising sensual enjoy-
ments hereafter to the slayexs of those who see no reason to believe in 1t, then
this also is not likely to have come fiom God Butif there be a professing
revelation which inculcates personal purnity, love to God, and active good-
will towards our fellow-men, then such a professing revelation as this would
seem to deserve that the ewidence 1n support of 1ts professions should be
carefully examined by the mtelligent who seek for the Chief End of Man,
May the engniry be blessed.,

THE END.
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