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RESOLUTION

PASSED AT A MEETING OF

TH:E ASLATI C.SO0:CLET Y

Held on Wednesday, the 9th January, 1833.
Tue HoxoraBLE Sik EDWARD RYAN, PRESIDENT, IN THE CHAIR,

ResoLvep, that the following extract from the Proceedings of this
Society, containing the Address presented to Mr. H. H. WiLsox by the
Society, on the occasion of his departure from India, and his reply, be
printed to accompany the Seventeenth Volume of Researches, just pub-
lished under his superintendeg‘me.

EXTRACT FROM THE PROCEEDINGS OF THE ASIATIC Sociery.

« In pursuance of the Resolution passed at a Special Meeting on the 19th December,
the Deputation of the Society, consisting of the President, and the Vice Presidents;
the Reverend Doctor Mill, Principal of Bishop’s College, Doctor John Tytler, Superin-
tendent of Arabic translations, &o., and Captain Troyer, Secretary of the Sanskrit College,
accompanied by most of the Members, proceeded in a body to the residence of Mr.
WiLson on the 3lst, where, after the usual ceremonials of courtesy, the President,

The Honorable Sk Epwarp Ryan, read the following Address, which had been
prepared by the Committee nominated at the Special Meeting.”

ADDRESS.

Tug Asiatic Sociery To H. H. WiLson, Esg. THEIR SECRETARY.

When other Societies in this Presidency, which, either in science or the lighter
walks of literature, have shared the benefit of your counsel and assislance, are now anxious
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fo associate their expressions of gratitude and regret with your approaching departure
from India, it would ill become that one with which your connection is the oldest and most
important of all, to suffer the most distinguished of its Members to leave these shores,
without giving some public utterance to the sentiments which must on such an occasion

animate every individual Member.

From the time, mow nearly 50 vears since, when the AS1ATIC SOCIETY was insti-
tuted, * for inquiring into the History and Antiquities, the Arts, Sciences, and Literature
of Asia,"—none, Sir, has with greater assidunity, or more splendid success, contributed to
{he advancement of that object, than yourself. In more than one department of their
varied inquiries, your services are eminently conspicuous : but in that one, which must
on every account ¢laim precedence among the subjects of this Society’s research, they are
pre-eminent and unrivalled.

The ancient learning of India, which from the days of Pythagoras downward, hail
been the object of distant admiration, but never of clear definite knowledge, to the whole
of civilized Europe, had indeed, at the period of your first arrival here, begun to emerge
from the obscarity which had for ages encompassed it. The labours, as we are proud to
declare, of some of the carliest Members of the Society, had led the way in unlocking the
sacred treasures of Brahmanical literature: through the ardent inquiring mind of our
illustrious Founder and President, partly preceded, partly accompanied and followed, by
the profound erudition of COLENROOKE, the philological diligence of WiLKINS, and some
others, specimens of Indian genius and science had been given to the world in an English
dress: and the matchless language in which all these treasures were contained, unknown
before and unstudied by Europeans, (if we excepta few who keeping it from all others would
have made it an instrument of their own interested views,) was now partially exhibited to
the more inquiring of the students of the West. But fully to throw open this remole
and difficult walk of learned research, to make what was hitherto necessarily confined to 8
few amongst ourselves intimately conversant with the Pandits of India, accessible in some
degree to others destitute of this advantage; to render the stady of Sanscrit, as that of
Arabic and Persian bud long been, possible, if not easy to persons. confined to the libraries
of Europe ; and thus create that general diffusion of the study which, already reaching
beyond ‘our conntrymen, is stimulating to exertion the Jaborious students of France and
Germany ;—this, Sir, is a merit, which belongs, above every other individual, to you.
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For the grounds of this judgment, we need point only to your Sanscrit and English
Dictionary: a work, which, while facilitating and accelerating the progress of all subse-
quent stadents, can hardly be appreciated justly by any who has not some experience of
this gigantic species of labour; a labour so immense, that even when applied to the long-
studied classical idioms of Greece and Rome, it bas been characterized by one of the most
eminent restorers of learning as comprising within itself alone every variety of literary toil.
In the present instance, when we consider the multifarious sources from which the compila-
tion was to be made (none of which, with one brilliant exception, had been before subjected
to the severe accuracy of European criticism),—the boundless extent of the language
itself,—the quantity of research often necessary for ascertaining the preciseimport of even
inconsiderable yocables among the thousands here enumerated and explained ;—this work,
so lucid in its arrangement, its interpretation and etymologies, must ever be regarded as
a magnificent monument of philological skill and industry. The edition of 1819, setting
aside the consideration of those additions just now published, with which your subsequent
labors have nearly doubled its value,—the first edition alone would amply deserve this
character. Under any circumstances, it would be an excellent and valdable Sanscrit
lexicon :—considered as the Jfirst in any European language, it is admirable, and beyond
all ordinary praise.

But we feel, Sir, that it would be unjust to your highmerits in this department of
learning, were we to dwell too much on this one production, great as it is, indeed pre-
eminently valuable in its kind, and sufficient of itself to establish the reputation of any
oriental scholar. The several translations of classical Indian compositions, which, before
and after the publication of your great work, yon have given to the world, have shown
how well you could yourself tread those remote and arduous paths of literature which your
labours had made free to the approach of others: they have added to the character of deep
recondite erudition, the more desirable, if Jess distinguished, praise of a highly cultivated
mind, and poetic taste and feeling. These qualities, not common in their separate excel-
lence, but in their union truly extraordinary, are visible in your first published work, the
version of the Cloud-Messenger of CALIDASA, as well asin what is among the latest, your
selections of the Dramatic Literatore of the Hindds: and while the Sanscrit scholar
wonders at the graceful ease and delicacy with which the peculiar character of Indian
composition is most faithfully represented to English readers, the English general reader
—he at Jeast who has taste to discern the forms of beanty in the most unwonted combina-



viii EXTRACT FROM THE PROCEEDINGS

tions, and the philosophy to sympathize with man, however diversified by climate and
institutions,—cannot fail to be both delighted and instructed with the perusal.

It were really impossible to particularize in this Address, the many elegant and
useful editions of Sanscrit works that you have prepared, or the still more numerous
dissertations on Hind literature and antiquities, on the religions sects of this Peninsula,
and other kindred subjects, with which your indefatigable research has enriched the
memoirs of this Society, as well as some other literary repositories of India and England.
One of these, however, which heads the 15th volame of our own Transactions, is of too
important a nature to be passed over without distinct mention. In the intricate labyrinth
of Indian history and chronology, where the erudite labours of JonEs, of HAMILTON, and
of WiLrorD, seemed only to render the darkness visible, and the confusion more hope-
lessly inextricable, furnishing too just ground for the idea that, in India, mythology and
pantheistic mysticism had swallowed up history altogether,—you have discovered one
point at least, where order could be educed from the chaos of existing materials; where
conclusions satisfactory to sound historical criticism could be attained: from which, as
way-marks, the future investigator might safely proceed in exploring what is elsewhere
most doubtful in this vast undiscovered region of Asiatic antiquity. That this is a correct
judgment of your ** Essay on the Hinda History of Cashmir,” the voice of continental
critics, some of them most conversant with the philology of Central Asia, will unite with
ours in attesting. And, after the casual mention of one eminent deceased scholar of this
Society, whose life was spent in scanning the contents of the Mahabhérata and Purinas,
and comparing them, often hastily and fancifally, with the results of an nneommonly
extensive and recondite western reading, we cannot fail to notice the far more useful as
well as more critical, labour, which you have bestowed on those huge treasures of Hindu
mythology and tradition. Of the first and most classical of these poems you are about to
give a splendid Sanscrit edition to the public. But your analysis of the contents of this,
of the 18 Purinas, and several Upapurinas, with translations interpersed of the most
curions and interesting portions of each, is a work of which the literary merit, and import-
ance to all future inquirers into Hinda fable or history, can scarcely be estimated too
highly. It is indeed unpublished : but the twenty folio manuscript volumes containing it,
hold a most distinguished place among the many valuable gifts for which the library of this
Society is indebted to you. We cannot but indulge the hope, that the older and far more
liiiﬂ.m!t monuments of Hinda antiquity, the Védas, may hereafter receive that illustration
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from yon which no other scholar, with the exception perhaps of Mr. CoLEBROOKE, is
fully competent to afford them.

Hitherto it is in reference to Sanscrit studies only, or the dialects immediately
connected with it, that we bave considered youor uorivalled claims to our gratituie, and
that of the literary world : but it will not have escaped the attention of any one acquainted
with the works alluded to, the History of Cashmir especially, how well you have availed
yourself of the collateral assistance, which the accurate knowledge of other Eastern
languages has supplied. In the great work which you gratuitously nndertook of arranging
and describing the very large unformed collections of that indefatigable traveller and
antiquary, the late Colonel CoLiv Mackewnzig, you had to apply that knowledge to a
variety of interesting objects separately. And, in the full deseription of the result of this
six years' labour, which you published in Calcutta in two octave volumes in 1828, a work
in which Sanscrit hooks and monuments hold the chief, but by no means the only place,
every reader must admire the happy critical attention which your active mind could
bestow on so many ehjects, each sufficient to engross the attention of an ordinary scholar,
collected from such various quarters, and comprised in so many difficult languages.

It cannot but enhance greatly the admiration with which we view these illustrions
contributions to the stock of Asiatic learning, when we consider, that your time, from
Your first arrival in the country, has been-occupied in official duties of an important and
difficult character, totally unconnected with literature; and that the severe scientific
studies of your own profession also (in which your merits have been recently acknowledg-
ed by those most competent to estimate them) have not, amidst this double distraction,
been neglected. Nor can we but be greatly struck with the fuct, that amidst occupations
80 varions, so arduous, and so honourable, you could undertake the province (which
inferior minds might have been delegated to perform, though they could not bave
Performed so well,) of preparing elementary works in English for the instruction of Hindd
Youth, and even devoting a large portion of your time to the active superintendence of
their yet infant seminaries of education. Still more, when we find that, from a compli-
cation of employments sufficient to distract or overwhelm the mass even of clever men,
Your mind could not only unbend itself in the lighter departments of elegant literature
and art; but find ease and diversion in the hardness of statistical inquiries, and the details
of recent political history. Your work on the Commerce of Bengal, lately published,
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and your History of the Burmese War, must remain signal monuments of the rare vigour
of vour enlightened and accomplished understanding.

But we must return finally to your relation to the AsiaticSociety, and that not merely
as a mémber, and unequalled contributor to its stores, but as its Secretary. From the
time when you succeeded the late Dr. HUNTER in thatimportant capacity in 1810, not only
have your main services been thus identified with the progress of oriental learning, and
conspicuous to the whole literary world, but they have been displayed in matters of which we
alone are witnesses, and which we only can acknowledge : the arrangement of our papers,
the preparation of the Transactions for the press, the compilation of a useful index to the
whole, the conduct of all the details of the Seciety's business—in all which your attention
and devotion to our interests has been most constant and exemplary. Nor must we
omit to mention the masterly manner in which you have conducted the extensive cor-
respondence, domestic and foreign, of this Society; nor the characteristic amenity of
manners with which you have been ever ready to assist with your valuable aid and counsel
the President and other individual members. Nooe, after S1R W. Joxgs, if even he is
to be excepted, bas stronger claims on our grateful recollection ; none certainly more long
continued ones. During the last 23 years, you have never quitted your place amongst us,
except only that year (1820), when you were absent on Government duty at Benares—an
absence which, while it enabled you to fulfil more perfectly many of your learned under-
takings, could not fail to reflect the greater honour on the Society.

For these eminent and unequalled services, we feel that the best thanks we can offer
are but an insignificant recompense. We can only add to this tribute of mere justice to
your past merits, our warmest hopes and wishes for the future, that you may fill, with
increased honour and happiness, the distinguished station which a munificent founder has
established in one of our ancient universities. We trust that you may succeed in awaking
in many of the British youth, destined to important stations here, a desire to acquire that
knowledge of the Sanscrit language and literature by which you are yourself so immortally
distinguished, and thus become the means of extending to this land the blessings of increas-
ed civilization and Christianity.

But one wish remains for ourselves. We wish not to be without some durable monu-

ment of the great talents which have, for nearly a quarter of century, given strength, and
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activity, and honour to our meetings in this place. We therefore request, that you will
add to your former favours this one, of permitting your bust to be taken by the most
eminent sculptor in England, at the charge of this Society : that it may stand in our room
as an enduring testimony of the high esteem and respect with which your memory will be
ever cherished by the Asiatic Society.

EDWARD RYAN, President.

December 3lst, 1832,

At the conclusion of this Address, Mr. WiLsoN, having requested the President and
Members to be seated, replied in the following terms :

“ When I recollect, that Mr. CoLEBROOKE, on leaving India, received, from the
Asiatic Society, of which he had for many years been the chief ornament and support, no
other tribute than an official letter from myself, the tenor of which was left very much to
my own discretion, I cannot but feel ashamed of the vastly inferior claims which have
been this day honoured by you with such highly favourable notice. If he received less, I
have reaped more than I am entitled to, and I bave to thank you not only for the
commendations*which I might in fairness claim, but for your kindness and partiality, the
not unnataral growth of many years of association, which have suggested this overflowing
measure of reward for any service I may have rendered to the Society.

I shall not pretend to disclaim the warm interest which I have taken in the credit
and prosperity of the Asiatic Society, from the period of my first arrival in this country,
or in the researches which it was instituted to promote. Adfter I became a Member, the
Secretary of the Society, to do so was no more than my duty, but it was equally my
pleasure and pride to be a member of a body established for such honourable and useful
purposes, as the investigation of man and nature in the East, the development of the past
history and present condition of these vast and important regions, and the maintenance of
the British character for enlightened and liberal research, and the disinterested cultivation
of intellectual pursuits. The share that I may have borne in the accomplishment of these
purposes has made many hours of my leisure in this country glide happily away; to have
been associated in them with so many excellent and talented individuals has always been,
and must always be, a subject of self-congratulation ; to have earned such an estimation
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amongst them, as they have this day expressed, must ever be a source of proud and
grateful recollection.

In consenting to the request with which yon have been pleased to conclude the
flattering enumeration which you have made of my services to Oriental Literature and to
the Society, you will acquit me of being influenced by merely personal feeling. 1f T can
judge of your sentiments by my own, I can fully appreciate the motives which induce you
to seek to preserve memorials of those who have taken an active part in thie labours of
the Society. One of the most interesting decorations of the room in which we are
accustomed tb assemble is to me, fo all, the portrait of our illustrious founder: and I am
sure you will agree with me, that the apartment would possess a still dearer interest were
such decorations multiplied ;—did the countenances of CoLEBROOK E, WiLFoRD,
WiLKINS, and other distingnished members look down complacently upon the labours of
their successors. Ineed not add, how irresistible are such influences upon the human mind,
and how well calculated are such memorials to give wholesome stimulus to youthful energies.
1t is not from a merely selfish motive, therefore, that I accede to your request, butin
the hope, that even in this way I may contribute, however feebly, to the great ends of our
Institution. At the same time ¥ am not insensible of the kindness which has prompted
the proposal, and if I do feel vain, it is that yon should have thought me worthy of the
bounour of being perpetually, as far as any thing human is perpetual, present amongst you.

Gentlemen, 1 have only further to bid you farewell, and offer yon my most fervent
hopes for the continued activity of the Asiatic Society, confident, that that alone is
hecessary 1o insure it continued and increasing wutility and reputation,”

Wi



l-
e
STATISTICAL REPORT

ON THE

BHOTIA MEHALS

OF

KAMAON.

By GEORGE WILLIAM TRAILL, Esq

Commissioner for the affairs of Kamaon.

Tue name of Bhot is here, properly speaking, applicable only to
the Himalaya ranges, which once formed a part of the adjacent Zhet
province of Bhot. Since the annexation of that tract to the states of
Kamaon and Gahrwal, a portion of the neighbouring Pergunna has been
incorporated with the several Bhot Mehals. These villages have mostly
continued in the occupation of the Hindu proprietors, and as they offer
no peculiarities in regard to produce or management, no further notice of
them will be taken in the present report, which will, consequently, refer
solely to Bhot in its restricted sense.

The northern boundary, as recognized by the Tibet Government,
extends to the commencement of the Table Land: for the southern
boundary the opposite base of the Himalaya range may be assigned.
With these limits, Bhot may be estimated as forming one-third of the

b province.
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3 BHOTIA MEHALS

province. The southern line of demarcation is, by no means, continued or
well defined, intervals between the snowy peak presenting themselves
in the neighbourhood of the pl"lnciplﬂ rivers; the most considerable of
these occurs at the foot of the Niti Pass, where the line of perpetual
snow recedes full a quarter of a degree to the north. '

At the intervals in question, are found the mouths of the Tartar

Passes, five in number, and commencing from the west, as follows :—

ot Doty g, 5. PS8 O the Gomges

Jwuwar, on the Gawri, ..........

Darma, on the Dhouli, ... . ... .}ancheé of the Sarda or Gogra.
Byanse, on the Kali,..........

The productive and habitable portion of Bhot, is confined to the
passes and their immediate neighbourhood, and does not exceed a

sixteenth of its total extent; the remainder consists of snow or barren
rocks.

The minimum elevation in the several passes may be taken at
six thousand feet above the sea, while at their crests, the height varies
from above twenty thousand feet on Mana, to about fifteen thousand feet
on Byanse. The altitudes of the peaks, have been calculated by

Captain Webb : the maximum appears to be above twenty-five thousand
feet.*

"The

Nore.—The height of the Peak Nanda Devi, is, by Captain Webb's operations, 25,669 feet.
Ditto ditto, by Major Hodgson and Captain Herbert, 25,749 ditto.
Mean height 25,709,
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The paths to the passes, continue along the upper part of the
rivers abovementioned, till near the crest of the ridge, which is cross-
ed in those parts offering least difficulty in the ascent, and it is here only
that snow is not met with during the season of intercourse. Roads of
communication ' through the Himalaya unite the passes from east to
west, but these are passable, during a few days only in each year, and are
considered at all times as dangerous by the Biotias themselves. Roads
of this description formerly used, are now impracticable, owing to the
increase of snow. The interior of the Himalaya, except at the passes and
paths in question, is inaccessible, and appears to be daily becoming more
so from the gradual extension of the zone of perpetual snow. The
Bhotias bear universal testimony to the fact of such extension, and
point out ridges now never free from snow, which, within the memory
of man, were clothed with forest, and afforded periodical pastures for
sheep: they even state, that the avalanches, detached from the lofty peaks,
occasionally present pieces of wood frozen in their centre.

The roads in the passes are carried as near as possible to the
margin of the river, and only deviate from thence as a last resource, where
a rocky precipice, impassable by other means, presents itself. Obstruc-
tions of this nature, which are here frequent, are, if feasible, avoided by
means of bridges: as they are surmounted by the aid of a scaffolding
formed of spars, and supported by joists, fastened horizontally in the
face of the rock, this expedient is only pursued where natural crevices or
ledges are available. Where a passage over the obstruction is inevitable,
a considerable detour is usually necessary for that purpose, and the road,
in these cases, is always difficult, and sometimes attended with danger.

The bridges are of the Sanga kind, and being intended for the

passage of laden animals, they are made with greater attention and better
materials,
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materials, than-are commonly given by the Zemindars of other parts of
the province, to such erections. In the early part of the season, natural
bridges of snow, formed from the accumulation of avalanches, abound,
more particularly in the upper part of the Ghats, where the stream is
invisible during much of its course.

The frequency of mountain slips, * Paira,” renders the preservation
of the road an object of constant toil to the Bhotias. By accidents of
this nature, the course of the river is sometimes completely blocked up
for two or three successive days, and every part of the path-way, within
its reach, is swept away by the accumulated torrent, not an atom of soil
being left on which to found a new road ; on forming the latter, a deviation
from the old line and level, becomes necessary in consequence.

The passes, taking their whole extent, may be said to be barely prac-
ticable. The Bhotias travel through them without difficulty under burthens,
but natives of other quarters of the hills are compelled, in many places, to
proceed with the utmost caution, even without loads; at such points ani-
mals of every deseription require the assistance of manual labor ; the larger
kinds, such as poneys and cattle, are raised or lowered, according to the
nature of the obstruction, by means of slings passed round their bodies.

Comparatively speaking, the Niti is considered as the best, the
Juwwar as the most difficult pass in this provinee. A tradition is here
current, that when Blot was originally conquered by the Kamaon i:uwer,
a road was formed by the invading army to facilitate its progress
through the Ghat; this operation, the commander (Raja Baz Bahader
Chand) is said to have personally superintended, paying a rupee with
his own hand, for every cup full of earth brought to the spot. This tale
doubtless partakes of the usual style of Eastern hyperbole, but it is

deprived
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deprived of much of its apparent exaggeration, on inspection of the country
in that quarter. During the rainy season, to insecurity under foot, must
be added insecurity over head. Fragments of rock, « Gull,” and ava-
lanches, * Hiin Gull,’ are continually detached from the impending
cliffs, and annually occasion fatal accidents in each of the Ghats.

The Bhot Mehals present ouly fifty-nine villages, within the Ghats,
distributed as under-mentioned ; comparatively speaking, these are of
good size, the village of Melim, alone (in the Jwwar pass,) contains near
two hundred houses, a number greater than is to be found in any other
village in the province.

No. of Villages. No. of Houses.
Mana, 4 - 3 o e Al i b
Niti, AL AL 10 ik i Y 219 of
Juwar, h suioe a8 b5 ui vl 458 Jé
Darma, Y- seos B L 5 sti 349 0
Byanse, 110055 o1l it @8 1o ik 184—--=1326

The houses are commonly large, consisting of two or more stories,
substantially built of stone, with sloping roofs of slate, planks, or gravel
beat smooth : where this last material is made use of, a previous layer of
birch-bark, is requisite to render the roof water-proof. In the choice
of a site for building, security from avalanches forms the primary con-
sideration ; but even the greatest foresight sometimes proves vain. In
1822, more than twenty houses were swept away by an avalanche in
the village of Mana; although it is, at least, two miles distant from the
peak, whence the destructive mass must have proceeded. This catastro-
phe took place, fortunately, during the periodical absence of the inha-
bitants.

¢ No

P pe——
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No complete enumeration has been made of the population in Bhet,
but sufficient data exist for computing the average of residents in each
house to exceed seven. Tlie Bhotias are, generally, in good circumstances,
and many individuals possess one or more slaves or domestics, whe, with
their families, live under the same roof with their masters. = This estimate
will give a total of near ten thousand inhabitants, of whom, probably,
nine-tenths are Bhotias, and one-tenth natives of other parts, chiefly
artificers of low caste. The Bhotias, who reside permanently in the vil-
lages, at the mouth of the Ghat, and not included in the foregoing, may
be estimated at about five hundred. - Prejudices in regard to caste, joined
to the jealousy of the Bhotias for their commercial monopoly, prevent the
permanent establishment of Hindus within the Ghals ; by the latter
cause also, further emigrations from 7'ibet are impeded.

The following brief view of the climate must be understood as
solely applicable to the habitable parts ; the state of temperature in the
elevated portion contiguous to, or within the zone of perpetual congela-
tion, will only be cursorily noticed, as influencing the productions of the

soil.

In the absence of a regular series of observations, general remarks

only can be offered. During full half the year, the surface is wholly

covered with snow ; this begins to be about the end of September, and
continues to accumulate to the beginning of April. Thaw then becomes
predominant, though partial falls occur till even late in May. In open
and level sitnations, unaffected by drifts or avalanches, the heti of snow
which, at its maximum depth, varies in different years, from six to twelve
feet, is wholly dissipated by the first week in June ; in ravines and hol-
lows, it does not entirely disappear before the middle of July. The sea-
sons of spring, summer, and autumn, are comprised within five months,

from
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from May to September inclusive; but an interval of four months, with-
out a fall of snow, is rare. During these seasons, the thermometer (Fah-
renheit,) at sun-rise ﬁuges from 40° to 55°, and at mid-day, from 65° to
75° in the shade, and from 90° to 110° in the sun.

Towards the middle of August, the temperature becomes precarious,
and liable to sudden changes, consequent on the state of weather which
may. prevail on the surrounding heights : falls of snow, in that quarter,
producing slight frosts in the neighbouring valleys : by such oceurrences
the ripening crops are sometimes wholly burnt up. The Bhotias firmly
believe  that falls of snow may be induced by concussions in the ajr.
The use of fire arms, musical instruments, and, in  Darma, even the

scrubbing’ of metal vessels, are prohibited in the neighbourhood of vil-
lages.

Rain is here neither heavy nor frequent : there is, however, a constant
succession of dense clouds and mists.

The soil is commonly black, and contains much decayed vege-
table matter washed down by the melted snows: it would however

appear to require large supplies of manure to render it productive, The
surface is every where extremely stony.

After the preceding notice of the climate, it is almost superfluous
to mention, that only one crop is obtained in each year, the agricultural
products are « Phapar” and « Ugal,” two varieties: of buck-wheat,
“ Ui Jao” and + Jao,” beardless and common barley. Wheat and
“ Marsa,” a species of amaranthus, are partially cultivated, In the
richest and best watered lands, barley yields a return of from twenty
to forty fold, according as the temperature may be ‘affected by the

proximity
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proximity of snow. In the poor lands, which may not be capable
of irrigation, from three to six for one, is the average produce. The
“ Phapar,” which does not require irrigation, gives from thirty to forty
fold.

Both wheat and “ Marsa” are uncertain, the crop in many seasons
never reaching maturity, and in the most favorable years being far from
abundant.  Phapar would appear to be indigenous, as it is to be found
wild on all high mountains.

* . The operations and implements of husbandry present no novelties:
the ploughing commences as early as the melting of the snow will
admit, and the sowing is commonly completed by the first week in June.
By the middle of September, the crop is ready for the sickle : to this
period the irrigation of the wheat and barley is continued, the streams
of melted snow being directed for that purpose, whenever available. Se-
vere winters, attended with heavy snows, prove more or less injurious in
their consequences to the succeeding crops. The Bhot villages are all
situated on the northern side of the great chain of Himalaya Peaks, and
are all, in some degree, subject to the influence of its snows and of its
shade. By any unusual accumulation of snow on the summit, the in-
ferior bed is forced down, and with it, the influence of, if not the line of
perpetual congelation itself, descends: those villages which are con-
tiguous to the peaks, and are unsheltered by intervening heights, suffer
severely from such occurrences, as it sometimes requires the heat of
more than one summer to throw back the snow to its former level. The
village of Laspa, in the Juwar Ghat, has been rendered wholly unproduc-
tive during two years, by an incident of this kind. This village lies on
the northern base of the great peak of Nanda Devi, but is the southern-
most and least elevated within the Ghat: the peculiarities of its situation,

as
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as the link of connection between Hindustan and Tartary, and the proxi-
mity of a still more sterile country in the latter, could alone induce cultiva-
tion in a tract where production is always precarious and never abundant.

Turnips and leaks are the only vegetables raised in Blot, but many
useful roots and herbs are spontaneously produced, among these are, the
wild garlie, celery, rhubarb, frankincense (Mari or Balchar) Laljari,
Chora, Bhotkes, and Katki, objects of export to Hindustan. The rhubarb
is somewhat inferior in its color and properties to the Turkey, and the
Bhotias do not take it inwardly, though they apply the powder to wounds
and bruises: it is also used as an ingredient in the formation of a_red dye,
in conjunction with Manjith and Potash. The Manjith is here extreme-
ly abundant; but, except for local consumption, is in no demand.

The indigenous fruits are gooseberries, currants, red and white, rasp-
berries, strawberries, and pears, none of which receive culture. Apricots
and peaches have been partially introduced by the Bhotias, but attain
neither size or flavor. Walnuts and hazlenuts are common in the low
grounds; the nut of the former contains little or no kernel, the latter is
small, but well tasted.

The forests in the southern and least elevated parts of the Ghat, of-
fer many varieties of tree common to other parts of the province: the most
flourishing of these are the oaks and pines of different Kinds. Specimens
of the « Deodur,” pine, and of the Suryi,” or Arbor Vite, with trunks
of from twenty to twenty-five feet in circumference, are by no means un-
common.

With  the increase of elevation, a gradual change in the com-
position of the forests takes place: to red Rhododendrons, Deodars, and
d t oaks,
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oaks, succeed the © Raisalla,” or king pine, ¢ Thiners” or Yew,
« Ndspiti,* or white Rhododendron, and * Bindhara,” or juniper, while
above all is found the Bhoj, or birch, on the very verge of perpetual snow.

The bark of this latter is highly useful, as a substitute for paper, and
for other domestic purposes, and is exported in considerable quantities to
the plains. The sprigs of the  Bindhara,” (juniper) and of the « Surgl,”
(Arbor Vita) are used in the preparation of yeast, * Balma.” The most
common shrubs are the * Parpinja,” (ground cypress,) dog roses, red
and white, and sweet briar.

Flowers are plentiful, more particularly the Iris and Anemone.

The domestic animals are horned cattle, ponies, sheep, goats, dogs,
and cats.

The horned cattle are of three kinds. 1st. The common hill black
cattle, of which a few are carried up for the supply of milk, and of agri-
cultural labor. 2ndly. The * Séra Gai,” or Yak, imported from Tartary,
chiefly for the purpose of carriage, for which it is well adapted by its
strength: its employment is, however, restricted to the Himalaya, owing
to its extreme susceptibility of heat and moisture. The third kind
consists of mules, bred between the two foregoing species. Where the
sire is a Yak, the produce is called « Jabbu,” and in the opposite
cross, it is called ‘ Garjo.” These breed freely together, or with the
parent stock; but in the former case, the race degenerates: in the
latter, the produce resumes the character of the parent, into which it

may

* * Nispati," 50 called from the leaf being used dry, and pounded as snuff,
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may be re-bred. Of these mules, the * Jabbu" is the most valuable,
being found to possess the good qualities of both parents in an essential
degree. The value of the Yak and of the Jabbu is nearly the same—from
fifteen to thirty rupees for each animal.

Sheep and goats are numerous, and form the principal means of
transport; they are not, however, bred to any great extent by the Bhotias,
but are purchased by them in the villages, along the south base of the
Himalaya, the animals of that quarter alone, being found capable of
standing the changes of climate and the unceasing labor to which their
employment subjects them. The pasture on the ranges adjoining to the
Himalaya, is found in a peculiar degree nutritive to sheep; on the melt-
ing of the winter snows, towards the end of March, these mountains which,
though lofty, are by no means precipitous, become covered with verdure,
and are then resorted to by the flocks of the neighbourhood. A few days
are said to suffice to restore the animals to condition, though ever so
much reduced by the fasts and rigors of the preceding winter. The grass
of these pastures is distinguished by the shepherds, under a particular
name, and has the universal reputation of being inexhaustible, the grewth
during the night being said to compensate fully for the consumption of
the day. The flocks continue here till the commencement of the rains,
when they are driven to less rich pastures on the more southern ridges ; with
the setting in of winter, they return to the villages. During this season,
the sheep are compelled to browse with the goats ; branches, chiefly of the
oak, being cut down for them : the use of Bhiusi is here unknown, though
the animalz are turned into the stubble fields ; neither is hay, though stor-
ed in small quantities for cattle, ever given to sheep. In some
parts of Garkwal, the leaves of trees, particularly of the mulberry, are
dried and stocked in antumn, to serve as fodder for the winter. The
* Kimmi,” or mulberry, is there, consequently, much valued, and the

property
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property in its foliage forms an object of sale and purchase, distinct
from the land.

While on the mountains, the flocks are secured during the night in
folds ; these are situated along the ridges, and being intended for annual
resort, are substantially built with layers of dry stone: the wallis raised to
nine or ten feet, so as to exclude beasts of prey: only a single door of en-
trance is left, and that of the smallest dimensions, with the same view,
as the leopards, when the door is high, break it down without difficulty,
by leaping against it. In the interior, sloping chlappers are erected along
one or more sides, according to the number of animals to be sheltered.
Every village has commonly its separate fold at each of the periodical
pastures ; the ridges in question, consequently, exhibit the appearance of
a chain of fortified posts, the resemblance being increased by the indi-
vidual sites of these erections, which, with a view to facility of draining.
are placed on the summits of rising grounds.

The wool is of good quality, and is wholly consumed on the spot, in
the manufacture of blankets.

The sheep carries a burthen of from five toeight seers, and the goat from
six to twelve seers : all dry commodities, the weight of which can be equally
apportioned on both sides, may be conveyed on these animals. Grain,
borax, salt, gdr and such articles, are sewn up in small saddle bags, cal-
led “ Karbik,” made of worsted, and cased with leather; these are laid
across the back, and are secured merely by a crupper and a breast-band.
Wool and other products of the same description, are formed into similar
packages, and loaded in the same mode, but without bags. Laden sheep on
short journeys, can accomplish seven oreight miles a day; but for a continu-
ance, cannot keep up a greater rate than five miles ; they travel only for a

short
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short time in the morning and in the evening, during the heat of the day,

they are unloaded and suffered to graze. Goats are chosen, from their
superior boldness a.ni activity, as leaders of the flock, and are furnished

with bells.

The common diseases of sheep, such as rot, mange, small-pox, &e.
are all here prevalent, and in some years, extremely destructive; the
goats are further liable, in wet weather, to a species of Barsati, called
« Khdri,” which frequently terminates in the loss of the hoofs.

The casunalties are further augmented by exposure and fatigue, by
accidents, and by wild beasts ; and as the females-—even those with young
at their feet—are not exempted from labor, it can be a matter of no sur-
prise, that the Bhotia annually finds himself called on to make a fresh
outlay for keeping up his stock. Many of the Jowari Bhotias possess
flocks of Tibet sheep ; this is a powerful long-legged animal, resembling
the Iceland ram, and similarly subject to produce an additional number of
horns, individuals being sometimes found with as many as five horns.
This sheep carries from fifteen to twenty seers, its wool is also of a
superior kind, known in commerce under the name of Bayengi, and
the priee is, at the same time, not ,greater than that of the common hill
sheep ; these considerations wotld lead to its exclusive introduction were
it found capable of enduring the change of climate, but failure in this lat-
ter point, restricts its employment, as in the Yak to the Himalaya and its
native country. These flocks are, in consequence, kept by their owners
at some adjoining village in Tibet, and are brought into use oun the
opening of the upper part of the Ghat.. The goats consumed for food
and sacrifices, are also procured from Tibet; they are of the deseription
which yields the shawl wool, and are to be purchased there at from twelve

annas to two rupees each. W ;
. The

=
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"The horses in use here, are small stout ponies of Tartar breed, called
s Gints:" these aninials are remarkably sure-footed, and consequently,
well adapted for the rn;:kgr and precipitous roads of .Lha hills ; they have
the further merit of not requiring shoes, and are invariably ridden unshod.
The price has, of late years, been much enhanced by the demand of
European gentlemen; a poney of good qualifications not being procurable
for less than from sixty to one hundred rupees, near treble the former rates.

Dogs are of two species, the Tibet, alarge animal with a shaggy
coat, kept for guarding sheep against the depredations of wild beasts: and,
the Hill Skikari, or hunting dog, which does not differ in appearance from
the common pariah dog of the plains, but is valuable from his qualifications
for the chase. They are commonly used singly, or at most in pairs, and
from their perseverance and goodness of nose, are generally successful in
their pursuit of game. The deer, when raised, is driven by them down
into the glen, where a part of the hunters lie in wait, armed with spears
or matchlocks. The Bhotias are particularly fond of this sport, and pay
comparatively large prices for dogs of good character. To improve the
breed, they sometimes cross the Shikari dog with the ** Bownsa or Koya,”
(wild dog) caught young and reared with that- view. - This animal cannot
be made available for hunting, as it seizes indiscriminately on every
animal, whether wild or domestie, which comes in view.

Dogs of the Tibet breed are subject to hydrophobia: the treatment
employed by the Bhotias in cases of bites from animals in that state is
simple, and said to be generally efficacious : the part bitten is immediately
subjected to the operation of burning, either by Guls, or hy a red hot
iron, and a ligatore is at the same time tied above the wound. For the
®pace of fifteen days, the patient is debarred from the vse of salt, spices,
and heating food, and for the same period is daily magnetised by some

skilful
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skilful adept. The efficacy of the treatment depends on the actual cautery.
The inngnet:ism is not likely to be of much use. Of the success of this
system of treatment, an instance fell under my own observation, in which -
not a shadowof doubt could exist of the rabidness of the animal by which:
the bite was inflicted. i

The wild animals peculiar to Blot are—

The * Barji,” or tawny bear, said to be white in winter. This
animal exceeds the common black species in size, and is carniverous.
“ Bharel,” wild sheep, found only in the loftiest parts of the Himalaya,
its size is that of the hill ram, color grey, with black points, hair thick
and wiry, horns remarkably large and heavy, but curled as in the com-
mon ram. Vulgar fame represents this animal as falling, ultimately, a
victim to the weight of his horns, being rendered thereby incapable of
moving. *“ Kastdri,” musk deer, requires nodesecription: it abounds along
the base of the Himalaya, where it isin a great measure secured from the
pursuit of hunters by the difficulties of the country; but for this circum-
stance, the value of its produce would, probably, have long siuce led to its
extermination. The quantity and quality of the musk, are supposed to
depend on the animal not being wounded, previous to the exeision of the
bag. Recourse is, consequently, very rarely had to fire arms for its destrue-
tion. Pit-falls and snares are the means commonly resorted to for this
purpose. In the latter mode, a fence of thick bushes is carried along the
face of the mountain, a few small openings being left at distant intervals :
in these are set the snares, and the animals are caught when descending
at night to feed. A few are occasionally run down by dogs. Musk sells
on the spot at from eight to twelve rupees the Tola. The number of deer
killed in a season seldeni, probably, amouuts to a hundred, though, from
the impositions practised in the sale of this article, full double that number

of
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of musk bags, exclusive of those imported from Tartary, are annually
disposed of in this province. * Bhia,” Marmot, a gmall brown kind,
numerous in the upper parts of the Ghats. * Kukar,” ferret, small, of an
orange color, abounds in the villages, where it burrows in the walls of the
houses: zeal in destroying rats secures to it the protection of the inhabit-
ants. The rats are numerous; they offer the peculiarity of tails not exceed-
ing halfan inch in length. Most of the animals here enumerated have the
reputation, as noticed in the case of the  Barji,” of assuming, in winter,
the appearance of thesurrounding snow. The inaccessibility of theinterior
during that season, renders the ascertainment of this fact difficult.

The birds peculiar to Bhot consist of the—

Falcon and hawk, which breed on the southern ranges ; these birds
once formed an article of profitable export to Hindustan, but the demand
is now trifling. They are caught in decoys called ** Kothas,” which are
formed by a wall of netting erected on three sides, the fourth side and
thetop being left open ; on this side the fowler lies concealed and by sud-
denly emerging when the hawk stoops to seize the bait, drives it in
rising against the nets. The bait used is commonly a pigeon. The
spots adapted for these “ Kothas,” and at the same time the resort of the
hawks, are far from numerous, they are all situated on high and open
ridges, far removed from the villages.

“ Hidnw W4l (bird of snow,) the Ptarmigan.
“ Mikao,” wild pigeon, mottled black and white.
“ Kyang."” Cornish chough, easily known from the common jack-

daw, by its bright scarlet bill and legs. During the summer seasom,
many
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many of the common species of birds, large and small, migrate thi-
‘ther.

Neither fish nor reptiles of any kind exist.

Insects are far from abundant, although they swarm along the conti-

guous ranges.

The * Bhaunr,” or wild bee, which builds its nest in the southern
parts of the Himalaya, has been already noticed.

Granite and quartz appear to be the prevailing deseriptions of rock.,
The only minerals yet discovered are iron, sulphur, and yellow arsenic.
The ore of the former abounds, but is used only for red coloring matter ;
the second is found in two or three hot springs at the mouth of the Juwdr
Pass, but not in sufficient quantity to repay the labor of working for.
The yellow arsenic is dug for in two or three places within the Darma
and Jwwdar Ghats, but the aggregate produce is trifling.

Rock crystal is common, and specimens of considerable magnitude
are occasionally procured. Fossil bones and organic remains exist in the
most elevated parts of the Ghats. The former, here called “ Bijii
Hiér,” lightning bones, are chiefly found at the crest of the Nis pass:
the latter, called “ Chakar Patar,” from its resemblance to a wheel,
is procured in a ravine on the northern face of 'the Muna pass. In both
instances; the elevation may be assumed at seventeen thousand feet above
the sea.

Hot springs are numerous throughout the Himalaya chain, the tem-

perature is found nearly the same in all, from 130° to 138° of Falirenheit.
f No




18 BHOTIA MEHALS

No voleano is positively known to exist, but there are grounds for sus-
pecting that the Nanda Devi peak contains something of the kind ; the
Bhotias and natives of the neighbouring districts bear unanimous testi-
mony to the occasional appearance of smoke on its summit: this is attri-
buted by them to the actual residence of a deity, and has, accordingly, in-
vested that peak with particular sanetity. A religious Melais held every
twelfth year, at the highest accessible point, which is, however, about a
mile from the summit : further progress is rendered impossible by a wall
of perpendicular ice. The dangers and difficulties incurred by the pilgrims
are represented as most appalling, and of the many hundreds who start at
each successive period, not fifty find courage to complete the enterprise.
Under these circumstances, it is scarcely possible that the question of a
crater can be ever decided by actual inspection. It is but just to add,
that the extreme altitude of this peak, (already noticed) joined to its
monolithic appearance, might, independent of any other considerations,
have rendered it sacred in Hindu Mythology.

Personal appearance, language, religion, customs, and tradition, all
unite in pointing the origin of the present inhabitants to the adjoining
Tartar province of Tibet. =

In the Mana, Niti, Juwar, and Byanse passes, the principal Blotias
still trace the emigration of their individual ancestors from some one of
the yillages or towns in that quarter. The colonization of. these Ghats,
would not appear to have taken place simultaneously throughout their
extent: the first body of emigrants established itself in the villages at the
mouth of the Ghat from which the Hindu occupants were forcibly  duri-
ven, the remaining villages were settled by succeeding adventurers at dif-
ferent intervals, and migration continued to be directed thither till the
final dismemberment of the Himalaya chain from Z%bet, The intimate

intercourse
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intercourse which has continued to subsist with the mother country since
that event, has prevented a variation in language, and the dialect spoken
in those Ghats, is strictly that of the adjoining Tartar tribe.

These observations do not apply to the Darma Ghat : its inhabitants,
thongh equally of Tartar origin, are traditionally derived from a different
race, and their settlement is~traced through- the circuitous route of
Hindustan. They are here considered as the descendants of a body of
Mongol Tartars, which was left to secure possession of Kamaon after its
subjection to Timur, This force, thinned by disease and the sword,
ultimately retreated to the Darma pass, and there formed a permanent
establishment. -

The histories of Timur, mention the subjugation of these hills by
one of his Atabegs, a fact which is also confirmed by the local records:
these consist of litile more than an enumeration of former Rajas, with the
duration of their respective reigns ; they, however, note an interregnum of
about twenty years, during which the Mogul sway continued. Vestiges
of this race are still found in the centre of the province, particularly at
Dewara and Bidgeswar, consisting of tombs, constructed with large flat
tiles, and, in other respects, substantially built; these cannot, eonsequent-
ly, be attributed to the aborigenes, whe were too rude to have made use
of tiles or bricks for any purpose, while they differ both in form and ap-
pearance from the graves of Jogis, the only class of Hindus which adopts
sepulture. It is therefore to Tartars or Mohammedans only that these

graves can be ascribed. The extreme sanctity of Bigeswar, a principal

“ Prig,” or Jamtrén, precludes the supposition that either of these sects
would have been suffered, as subjects of a Hindu government, to pollute
that place with their dead, while the Mohammedans, as is well known,
were never able to effect any conquests within these hills. By the

natives,

oy
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natives, these tombs® are called Mogul. The Darma Bhotias, from the
association of the Mohammedan creed with the name of Mogul, repel, as
an insult, the extraction here attributed to them ; they are, nevertheless,
unable to assign any other, while the difference in language, customs, and
dress, particularly of the females, proves that they could not have had a
common origin with the other Bhotius. No opportunity has been offered
for comparing the Darma dialect with that of the Moguls.

The religion of the Bhotias has been naturally influenced by their
peculiar situation and pursuits; subjected to a government which, as re-
garded the infringement of its religious tenets, was ever intolerant. The
Bhotias have beep compelled to conform with the Hindu prejudices ;
continued intercourse with the latter sect has also led to a gradual adop-
tion of many of its superstitions, while the annual communications main-
tained with 7%bet have served to keep alive the belief of their fore-
fathers. The Bhotias may now be regarded as Pantheists, paying equal
adoration at every temple, whether erected by the followers of Brakma,
of Budd,h, or of the Lama. The only temples in Biot are small rude
buildings erected with loose stones, merely sufficient to shelter the idel.
The Bhotias have no priests of their own caste, but avail themselves, ac-
cording to circumstances, of the services of a Brakmin or of a Lama.
Among the Darma Bhotias, divination is practised ; the omens are taken
from the reeking liver of a goat or sheep, sacrificed for the purpose, by rip-
ping up its belly. No undertaking of nnpurtam::e'is commenced without
this ceremony ; when ‘the first augury proves unfavorable, fresh animals
are sacrified, and further inspections made; the result of the majority of
omens

* Gold omaments and arms, are reported to have been occasionally found on them, several

graves have been exposed in digging foundations at Bigeswar since 1815, but contained
small earthenware lamps. e 1k
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omens decides the question. The office of diviner appears to be assumed
indiscriminately by all males of good age; certain previous purifications
are undergone on each occasion.

The Bhotias ought necessarily to have no distinetions of caste: the
Ména, Niti, and Jwwdr Bhotias, however, pretend to consider those of
the Darma and Byanse Ghats as an inferior sect, a:pd neither eat nor
intermarry with them. The descendants of the first colonists in the
villages at the mouths of the Ghats, who now confine their pursuits
to agriculture, and maintain no direct intercourse with Z'ibet, affect similar
pretensions in regard to the Bhotias within the Ghats, while all unite
in assumptions of superiority to the Natives of 7lbet, though on their
annual visits to that country, they are compelled to drink tea at the
houses of their several correspondents, such ceremony being there an
indispensable preliminary to every commercial dealing. Of late years,
the Juwdr Bhotias have affected to imitate the niceties and scruples of
Hiindus, in regard to food, and have assumed the designation of * Sink;"
but they have derived no consideration from these pretensions, and con-
tinue to be regarded with abhorrence by the Hindus, as descendants from
a cow-killing race. The policy which may have dictated this line of con-
duct having now ceased, with the abrogation of the Brahminical govern-
ment, it may be expected that these pretensions will gradually disappear,
and that the Bhotias will relapse into the'unscrupulous habits of their

Tartar ancestors.

In the institution of marriage, the inclinations and will of the fe-
male appear to have greater weight than is common in the east, both in
regard to the formation of such engagements, and in the subsequent
domestic management. Contracts are formed at an early age, but the

marriage is not commonly concluded till the parties arrive at maturity.
14 Shﬂu[‘i
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Should the female in the mean time make a choice for herself, the previ-
ous contract is compromised by the payment of a sum of money. The
consideration given by the bridegroom to the father of the bride, varies
from three hundred to one thousand rupees: a corresponding portion is
returned, which consists of domestic stock, live and dead, and in some of
the Ghats is considered as the property of the wife, by whom it is manag-
ed for her own benefit. The females are chiefly employed in weaving
blankets and coarse serges; the produce of their looms, after supplying
the family with clothing, is also, in a great measure, at their own disposal.
The nuptial ceremonies are uninteresting, they are invariably accompa-
nied with riot and drunkenness.

The Bhotias universally burn their dead; in Darma, this ceremony
is performed in the month of Kartik only ; the bodies of those who die
intermediately, are committed temporarily to the earth, and at the ap-
pointed season, the remains are taken up and burnt.

On these occasions the heir of the deceased is expected to entertain
the whole of his kindred, and is commonly impoverished by the prodiga-
lity of the expense incurred. A number of goats and Yaks, according to
his means, are sacrificed at the pile; of the latter animals, one is selected
for the particular service of the deceased, and is previously led about with
many ceremonies, adorned with flowers and laden with cloth, sugar, spice,
and such articles ; precedence in the sacrifice is also given to it, and the
decapitation is performed by the son-in-law, or some other near relation
to the deceased. In the selection of this Yak, the departed spirit is ap-
pealed to, and its choice is supposed to be indicated in the animal which
1s the first to shake its tail, when the stall is inspected by the heir. The
Bhotias universally profess extreme veneration for the manes of their

fore-fathers, small monuments to their memory are numerous in the

vicinity
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vicinity of villages, generally on the summitof some height ; distinguished
individuals are further honored by images of silver or stone, and by the
annual celebration of festivals, on days dedicated to the purpose, when
the image is carried in procession about the village, and receives offer-
ings and worship. Among the Darma Bhotias, when an individual dies
absent from his native village, a clue of worsted is conducted to it from
the spot where death occurs. 1In families of consideration, the thread is
extended unbroken throughout ; by the poorer classes, it is only laid, in
cases of considerable distance, along difficultparts of the road ; the object
of this superstition is to enable the departed soul to join the spirits of
his ancestors. Suttees occasionally take place in Juwdar.

The original languages of Bhot have been previously noticed, they
are current only in verbal intercourse, as scarce an individual is to be found
in Blhot capable of reading or writing the Tlbet, while of the Darma dia-
lect, it does not appear that any characters were ever in use. " In the
Mina, Niti, and Juwdr passes, the Hindustani has become naturalized,
and forms the medium of both colloquial and written communications ;
in Darma, it is also current, though not so generally; in Byanse, it has
hitherto made only a partial progress, as the necessity for its acquisition
commenced at a recent period.

In the division of time, the Hindu method is followed exclusively.

In weighing and measuring commodities, the Bhotias have necessa-
rily two modes of computation, that of the hills and that of Tibet;
the former has been noticed in a preceding report ; of the latter, it will be
sufficient to enumerate the denominations which are in most common
nse; . -

Gram,
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Gram, salt, borax, &c. are sold by measures of capacity, as follows :

8 handfulls make one * Phiriwa.”
8 “ Phirdwa” make one * De.”
195 Dhejliw v » one * Dobi,” or “ Guama.”

This * Dobi” is equivalent to the Kucha maund of twenty seers; in
some articles it contains eighteen ** De.” Within the Ghats, the articles
above-named are also caleulated by the “ Karbich,” or sheep saddle-bag,
taken at four ** Nalis.” Grain is also computed by the

Nalis,
* Liyattor,” large * Karbich,” equalto ....... 20
“ Swola,” or basket, .......... ditto s aal | 60
T hanch, or skin, .............. tto oo oz, GO

W;ui. sugar, .hardware, &e. are weighed by the steelyard, which is
divided into ““ Nega.” The Nega is about ten sicca weight.

Prepared tobacco, Gfir, &e. are divided into small flat cakes, called
“ Pola,” of which from ten to twelve sell for the rupee.

Cloth is measured by the “ 774" or cubit, or by the * Khak,”
Khagam, or breadth.

In fine goods, broadeloth, chintz, &ec. the piece is computed at eight
“ Khak.” In coarse calicoes, twenty-eight breadths are required to com-
plete the piece. Broadcloth is commonly sold by the * Bgikg,” equal to
two breadths; and so called from being the quantity required to make up
a robe of that name. Gold is calculated by the « Sarswo,” or * Phetdng,”
equal to seven and a half Misas. Gold-dust, separated into Phetings,”
each tied up in a bit of cloth, is current as coin at eight rupees the

“ Pheting.”
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« Pheting.” Silver is computed at the “ Jyi,” or Temashi, (three Masas)
and the * Gorma,” or current rupee equivalent to four * Jyii.” The « Jyi”
is coined at Ladakh, and is of very uncertain standard: of late years, its
metal has been improved. In this province it is called “* Gangatassi,”
and passes at the rate of something more than five to the milled Furracka-
bad rupee. In large payments, ingots, called * Lakalo,” or ** Dgja,” are
used, these bear the Lhassa stamp, and are very pure silver; the *“ Doja”
weighs seven hundred and sixty Jyis, and is current at something less
than two hundred rupees.

Biot, for a considerable period subsequent to its colonization, form-
ed an integral part of the mother county. The trade carried on by its
inhabitants rendered them, in some degree, dependant on the will of the
neighbouring Cis Himalaya chiefs; but they were long able to repel
the contracted efforts of the latter, made for their subjugation.

The ultimate union of these principalities in the monarchies of Gark-
wal and Kamaon, about three centuries ago, led to the conquest of the
Mana, Niii, Juwdr and Darma passes, by those states respectively.
The Byanse pass was severed from the principality of Jimla and annexed
to Kamaon by the Gorkha power, about thirty years past. In becoming
subject to the Cis Himalaya powers, the Blotias were by no means with-
drawndrom their allegiance to the parent state, but still continued to ac-
knowledge the supremacy of both ; an anomalous state of subjection, which
their paramount interests in eontinuing to be the medium of commercial
intercourse between Hindustan and Tartary, will tend to perpetuate. The
price extraeted by each government for its protection, though much the
same in its component details, is very unequal in its amount. Therevenue
demands of the 7'ibet government consist of * Sink Thal,” land revenue.
“ Ya Thal,” tax on sun-shine. * Kiin Thal,” tax on the profits of trade.

h These
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These items are all levied at fixed and invariable rates. The * Sink
Thal” is assessed at twelve ** Polas” of Giir per Kanch, on the Khalsa
lands; but as a great portion of each village is held rent-free, on former
grants, the aggregate payments under this head are very trifling. The
“ ¥a Thal,” which, from its name; has probably originated in the migra-
tory habits of the Tartars, who, during the winter, remove to the warmest
situations, is assessed at one cake of ¢ Balma,” or dried yeast per house.
The above dues are collected by Tlibet officers, who visit the Ghats with
that view : the whole is received in kind, though the G4r and yeast are
partly commuted for sugar, grain, spirits, and coarse calicoes. The
“ Kitin Thal” is levied in the shape of transit duties, * Kiiin Kal,” at
the rate of ten per cent. on grain. These are also collected in kind, at
the first mart visited by the Bhotias, the loads of every tenth sheep, toge-
ther with the wool on its back, are there taken, unless commuted by the
payment of twenty-seven ** Polas” of Giir per sheep. Dauties are also
levied on some few articles, agreeably to the rates fixed by an antient
tariff; commodities not included in that schedule, pass free.  Broadcloth,
and many articles, the exportation of which from hence commenced at.a
comparatively recent date, fall under the last description. In some cases,
ihdividuals are subjected to a tax, called  Huro,” or plunder, substituted
for the “ Kiin Kal,” or transit duties, and levied at. nearly the same
rates. This, from its name, should be a species of police tax, an
insurance against robbery. The inhabitants of the northern vilinge at
. the head of each Ghat, enjoy certain immunities from these duties,
and are, moreover, authorized by the Trans Himalaya government to
levy a transit duty of ten per cent. on the salt or borax of the Tibet
traders visiting the Ghat. This duty, as well as the « Cttnkal,” paid

by the Bhotias, is levied only on the first investment of each trader, dur-
ing the season.
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In matters of police, the Bhotias are held responsible for the com-
munication to the neighbouring authorities of all impnrta;nt transactions,
which may occur in the Himalaya states. The local tribunals take cog-
nizance of all cases brought before them by the Bhotias, whether originat-
ing in Tibet or elsewhere.. In civil proceedings, the decrees of the court
*Iwritten in the Tibet character and language, and sealed by the presiding
officers, are delivered to the successful parties. A confirmation of these
documents where they affect general interests, as also of grants exempting
lands from public assessment, are obtained by the parties concerned from
succeeding governors. It does not appear, that this government ever ori-
ginates any enquiry into crimes or offences committed by the Bhotias else-
where, than in Tibet; nor does it delegate any power, judicial or fiseal, to
the Bhotia village functionaries. Such are the marks of subjection which
the mother country continues to demand from the Bhotias. Those exacted
by their Hindoo conquerors have ever been more costly and more extensive.
, On their final subjugation, the Bhot Mehals were subjected to a tribute
in gold-dust : the quantity to be paid by each village, was ascertained and
recorded in * Kanch,” or Tola, Masa; and Ratti, the detailed cess, fixed
under these denominations, has since constituted the standard estimate of
each village, and represents the modes of measurement in use elsewhere. In
Niti, the assessment was calculated in  Damola,” equivalent to half a
« Kanch.” The assets made available to the government demand, comprised :

b
1st. Profits of trade.
2d. “ Tandkar,” or loom-tax.
3d.  Produce of agriculture.
4th.  Produce of jungles, (roots and drugs).
5th.  Musk. -
6th. * Kota B4z,” hawks.
7th. ¢ Bhera,” or wild bees’ nests.
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In the Kdnungo records, the original Jama is made up of separate
sums, under these several heads. The aggregate of tribute imposed on
each Ghat was as follows :

Juwhr, .. ..., sl b, o 13884 B2

Doxmit,i.z.4. . . dhreng Jthas saiuie s, » 08 helkrriiB

Byanse, ....... ohieiati S 1 9 0
Damola.

M o a iV al Silin sonias 206 0 o0

Mana appears to have been, from the first, granted in religious assign-
ment to the temple of Badaringth, therein situate. Byanse, as before
noticed, was only conquered a few years past by the Gorkhas, the Fama
paid to its former government, Jumla, has been assumed with the view
to.comparison. The rents of two villages in that Ghat which, as being 3
east of the Kdli river, fall within the Gorkha territories, are excluded.
The above formed the ordinary revenue. The Blotias were, at the same
time, equally liable with other subjects to the extraordinary demands, in
the shape of aids and reliefs, on occasions of the marriage of the sovereign,
or of his son or daughter, of war, &c. But as their assessment included a
tax on trade, they were exempted from the payment of transit and bazar
duties, throughout the dominions of their prince.

The villages below the Ghats incorporated with these Mehals were
subjected to the same system of assessment, the only variation being in
the detail of assets, of which, profits of trade form no part. The absence
of this item is compensated by the increase under the head of agricul-
ture, arising from an additional crop. As a considerable proportion of
the land in these villages has been gradually acquired by the Blotias in

property,
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property, either through grants or purcheses, a view of the amount of
their rents will not be irrelevant.

FUWRRLAPE] N30 I G dii 398 & 6

N5 S W0 TRO0U VTRV, VI 42> 7l 00
Dumola.

Nite V2 WNE P Il A B b 125 0 -0

This last sum is exclusive of the rents of Joskimath and other vil-
lages assigned to Buadarinath, but which form a part of the district of
Paenkhanda, in which the Niti pass is also included; the latter name,
from being more generally known, has been here adopted.

Mutual convenience naturally led to the commutation of the original
article of tribute. The equivalent insilver, was settled at twelve rupees the
* Kanch,” and a fixed and permanent valuation was made of various com-
modities, the produce of T'ibet, or of Bhot, which were received in payment:
as the market prices of these articles fell below the rates in the original
schedule, it became the object of the Bhotias to extend their payments in
them : the proportion was, ultimately, established at one-half in kind, and
the rest in coin; and in the event of the Bhotias being required to pay
the whole of their assessment in money, a deduction of twenty-five per
cent. was allowed on the portion payable in merchandize, such being, in
point of fact, the actual depreciation in the current prices from the rates
fixed in the original appraisement. During the government of the Rajas,
the public demand continued unaltered, though subject in its liquidation to
the variations, arising from the depreciation above noticed. The greater
part of the revenue was assigned to the garrisons of forts in the mouths
of the ghats, and to the payment of the civil local functionaries. The
residue was collected on the spot, by an Officer annually deputed from

i the
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the court for that purpese, to whom also was granted authority for adju-
dicating the civil and criminal pleas pending among the Bhotias. The
internal management was left to the Defteris or Patwdris, and to the
“ Birhas,” or heads of villages, by whom also the detailed cess was ap-
portioned, being laid every third year wholly on the land, and during the
intervening period levied in the shape of a capitation, or rather of a pro-
perty tax. The * Birhas,” in addition to the usual dues on marriages,
&c., received a small public allowance from the rents of their respective
villages : they were also assisted by petty officers, corresponding with the
Mulkeaddam and Kotwal of the Hindu village institutions. These, again,
were similarly remunerated. The garrisons above-mentioned, appear to
have been retained in the ghats, principally with the view of protecting
the inhabitants from the incursions of the Bhotias of the neighbouring
ghats, more particularly of the *“ Jits,"* or natives of « Jamla,” a Bhotia
state, east of the Kaii, .

On the Gorkha invasion, the principal opposition made to their arms
was from the Blotias : for the period of nine years, after the submission
of the rest of Kumaon, the Jwciris frustrated every effort made for their
conquest, and it was a cousideration of their commercial interests, rather
than any successes of the invaders, which ultimately induced a subjection
to that power., This resistance on the part of the Bhotias, joined to an
exaggerated reputation for wealth, marked them out for peculiar exae-
tions : the public demand rose gradually to Rupees 7,000 in Niti, 12,500
. Jwedr, 10,000 in Darma, and 5,000 in Byanse, while in some years
nearly double those sums were extorted, under various pretences, by the

officers

* Asthe Jats of Hindustan are considered of Tartar race, may there not have been some
~origival connection between their ancestors and the Jats of Jumla,
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officers employed in the collection. The gross receipts of the inhabitants
from every source of production, were inadequate to answer such ex-
cessive impositions, the capital and stock of individuals were gradually
dissipated in their liguidation, and ultimately a load of debt was incurred
for that purpose.. When both the means and credit of the individual were
exhausted, emigration became his only resource; in this manner, the
depopulation of the ghats was rapidly taking place, when the magnitude
of the evil led to the interference of the Supreme Government. An officer
of reputation, Captain Baacti Trapa was especially deputed from Nepad,
for the re-settlement of the Bihot Mehals; under his vigorous superin-
tendance, the present difficulties of the Blhotias were, in a great degree,
removed by the enforced restoration of a portion of the exactions, and
by the reduction of the demands of their creditors to the mere principal
sum actually advanced ;: while the principal source of these difficulties
was cut off by a remission in the publie revenue, reduced to 4,700 for
Niti, 8,000 for Juwdr, 7,000 for Darma, 2,700 for Byanse. The establish-
ed principle of liquidation, half in money and half in. merchandise, con-
tinued in force, but no longer afforded to the Bhotias its former advan-
tages. The whole of these Mehals were included iin the Military
assignments, and their revenues were either collected by the Assignees
themselves, or were leased by them to some responsible individual; in
either case, the demand for the half in merchandise was commonly
disposed of in gross to some of the Almora Sakds, by whose skilfal
management it was raised to a full equality in value with the money half,
at the expence of the Bhotias.

The government Jama was imposed on each Ghat in one gross sum,
and the detailed assessments left to be settled by the Birkas among
themselves : in this measure they always assumed the original amount of
the village tribute, as the standard for calculation,

On
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On the introduction of the British government in 1872 Sumbat, the
authorized collections of the two preceding years, were assumed asa
standard for the Jama of the current year; as tlie whole demand was
fixed payable in coin, in Farakhabad Kaldir Rupees, a deduction of
twenty-five per cent. was granted on the half hitherto paid in merchan-
dise, and a further deduction to the same amount was allowed for the
discount on the Gorkha currency. The net Jama, which on the existing
system was imposed in one gross sum on each Mehal, including the
villages below, as well as those within the Ghats, stood at Fd. Rupees
11,565.

In the year 1875 S. a general abolition of the customs and transit
duties throughout the provinee took place; the tax on the profits of trade
hitherto levied from the Bhotias, as partaking of the same nature, was
included in that measure: a partial remission on the same account was
made in the Jama of some of the lower villages, while both in these, and
in Bhot, the items of musk, bees' wax, and hawks, were struck out of the
available assests. By this arrangement, the net revenue was reduced to
Fd. Rupees 4124.

This demand continued in force for the remaining term of the first
triennial settlement, at the second triennial settlement, in 1877 S. and at
the recent quinquennial settlement, in 1880 8. a progressive rise took
place; on a view of the increase of cultivation, brought about principally by
the return of tenants, who had emigrated during the Gorkha government,
and finally amounted to Fd. Rupees 5812,

The revenue of every year has invariably been liquidated without a
balance.

For
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For the internal management of these Mehals, the only public officer
retained in them is the Patwdiri, who receives from the village Birkas
the amount of their Jama, and remits the same to the Sader treasury.
By this functionary are also made the reports connected with Police, re-
lating to casualties, &e. Criminal offences are rare ; the total number since
1815, has been confined to four, of which two were murders, one a case
of arson, and the fourth a petty theft: the three first-mentioned crimes
were perpetrated from motives "of revenge. In the same period two
inroads, by subjects of a foreign state, have occurred. In the winter of
1822, the village of Melam in Juwdr, was plundered by a band of Tartars,
during the periodical absence of its inhabitants. A part of the plunder
has since been recovered through the authority of the Lhassan viceroy, at
Gartokh; but the owners have hitherto declined receiving it, unless ac-
companied with an indemnification for the missing portion. The pro-
perty in question, consequently, remains in deposit at the Gartokk Police
Office. The second inroad took place in 1823, at the Byanse Ghat,
the whole of the villages in which were subjected to a forced contribu-
tion by a party of Jits, from Jumla, on some antiquated claim of tri-
bute. The whole plunder amounting to about 2,000 rupees in value, has
since been recovered and restored through the intervention of the Gorkha
chiefs in Datiz.

The only manufactures in Bkot are woollens, consisting of blankets,
and serges of various descriptions; these are partly consumed by the Bho-
tias, in clothing, tents, &c.; the residue is disposed of in other parts of
the province: this manufacture is not confined to any distinet class, but
is carried on indiscriminately by the females of all ranks: the weaving is
performed sitting, one end of the web being fastened to a stone, or stake
fixed in the ground, the other secured by a strap to the body of the weav-
er ; the yarn is prepared by the males, who may, at all times, be seen

k engaged
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engaged in that employment, with a spindle in their hand, and a roll of
wool round their wrist.

Trade, as has been already incidentally noticed, forms the primary
object of importance to the Bhotias, and is the principal, if not sole con-
sideration which retains them in the unfertile villages of Bfhot ; now, that
waste lands, of a far superior quality in the northern pergannas, every
where present themselves for occupation. The adjoining province of
T'ibet, here called ** Bhot,” and “ Hiundes,” (snow land) indiserimi-
nately, holds out peculiar attractions to commerce. Subjected, by the rigor
of its elimate, to perpetual sterility, it depends on the surrounding coun-
tries for almost every commodity, both of necessity and of luxury; to
remedy these deficiencies, it has, at the same time, been amply furnished
by nature with a variety of valuable products; its rivers and deserts
abound with gold, in its lakes are produced inexhaustible supplies of =alt
and borax, while to its pastures it is indebted for wool of an unrivalled
quality. In addition to these staple articles, * Hiundes” yields many
other articles of commercial demand, such as drugs, coarse precious stones,

- Chaonr tails, Tangans, &e. . with these wants and resources, the Hiundes
has naturally attracted the resort of numerous traders from every quar-
ter, and has, in cousequence, become a general mart, in which not only the
wants of its inhabitants, but the demands of foreign merchants also are
supplied. A periodical fair takes place annually in September, at Gartoka,
the residence of the Lhassan viceroy, which is principally attended by
traders from Hindustan, Ladakh, Cashmer, Tartary, Yarkhand, Lhassa,
and Siling, or China proper : under the first description are included, the
Bhotias of this province, though at present those of the Juwér Ghat,
alone enjoy the unrestricted privilege of visiting Gartokh. The trade of
Hiundes is an exclusive system of monopoly and restriction, which ap-
pears to have been originally established for the encouragement of local

and
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and particular interests, and is now pertinaciously adhered to, partly
from a reverence for ancient forms, and partly through the influence of the
Chinese power. The intercourse to which' the Bihotias are admitted, is

* considered as a measure of sufferance, and a formal permission is requi-

site for its annual renewal. The trade from each Ghat is confined to
some proximate town, beyond which the Bhotias are prohibited from pro-
ceeding without especial licence obtained from the local authorities, the
Juwdéri Bhotias alone, in consideration of military services rendered by
their ancestors, enjoying an immunity from theseregulations. On the upper
parts of the Ghats becoming practicable, special missijons are dispatched
by the Bhotias, to their respective marts. These Vakils are each attend-
ed by a single follower only, and carry a small offering of established
value : on reaching their destination, they make a full report of the state
of politics and of health in this quarter, the heads of their information
are taken down in writing, for transmission to the viceroy at Garlokh,
and they then receive their dismissal, together with a return in gold-
dust, equivalent to the offering brought by them. ~A Hiuniya officer
commonly accompanies or immediately follows the Vakil for the pur-
pose of verifying the statements made by him, and to collect the tribute
due from the Bhotias. On the fiat of this officer; depends the re-opening

of the intercourse.

This regulation would appear to be intended chiefly as a precaution
againstthe introduction of small pox, or other contagious disorders, as even
the British invasion of the hill states occasioned no interruption in the in-
tercourse with Hiundes, although that event undoubtedly created a consider-
able sensation there. When the small pox is ascertained to prevail in
any Ghat, all communications with its inhabitants is temporarily prohi-
bited. The commercial operations of the season usually commence by
the arrival of the Hiuniya traders in Bliot, as the superior strength and

hardihiood
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hardihood of their sheep enable them to cross the snow earlier than the
Bhotias ; from this period (about the end of July,) till the middle of Ooto.

ber, the flocks of both parties are employed in plying with loads between
the marts and the Ghat villages. The Hiuniya traders do not visit any.
villages below the Ghats, deterred partly by the jealousy of the Bhotias
and partly by a dread of the climate. ~The landholders of the northern
pergannas, who transport their own produce into Bihot, are deterred by
the same causes from proceeding to Hiundes; even in Bhot they are pre-
cluded from dealing directly with the Hiuniyas, whom they may meet
there, but are compelled to barter their merchandize with the Bhotias.
A few of the Almora merchants occasionally visit the nearest marts in
Hiundes, more particularly Taklakot, at the head of the Byanse pass;
but their ignorance of the Tibet dialect, and their want of the means of
carriage, render them dependant, to a great degree, on the Bhotias, and
prevent them from trading in those articles of bulk, such as gram, gir,
&c. which afford the most certain and profitable returns, The Blotias,
consequently, enjoy, to a great extent, a monopoly of the carrying trade
from Hindustan to Tartary, in the supply of the local demands, in Hfun-
des, and the system in force there operates to confirm a complete mono-
poly. The regulation which restricts the trade of each Ghat to a prescribed
mart, affects the inhabitants of the latter equally with the Bhotias; this
system is further extended even to individual dealings, and every trader
- has his privileged correspondent, with- whom he alone has the right to
barter. These individual monopolies, if they may be so called, are con-
sidered as hereditary and disposable property, and where the correspon-
dentbecomes bankrupt, the trader is under the necessity of purchasing the
right of dealing with some other mdividual. From successive partitions
of family property, and from partial transfers, this right of Arath has been
gradually sub-divided, and many Bhotias collectively, possessa single cor-

respondent. - This system differs so far from that of the Hong merchants

in
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t in China, that it leaves to every Hiuniya the power of trafficking directly
. with the foreign trader, though it restricts his dealings to particular indi-

’ viduals: the only persons who appear to be exempt from its operation in
' Hiundes, are the local officers, civil and military, and the Lamas. On the
dealings of foreign merchants with each other, it has no effect. A brief
notice of the several principal exports and imports may now be taken.

EXPORTS.

Grain forms the staple article of Bhotia export; it may be computed
that from twenty to thirty thousand maunds of every kind, annually find
their way to Hiundes, through the five passes collectively; the high prices

~and rapid sale, which this article invariably commands in that country,
lead to the presumption, that the present state of supply is insufficient to
the wants of the inhabitants ; but no considerable augmentation in the for-
mer can be expected to take place with the present inefficient means of
" transport, to which the Bhotias are confined by the difficulties of the
' passes. As the Himélaya villages yield no disposeable surplus produce,
the supplies for Hiundes are drawn from other parts of the province,
chiefly from the northern pergannas. The Blotias make their purchases

in the same manner as the Binjaris, by carrying salt to the villages, and
) bartering it for grain. As soon as the loads of the whole flock have been
exchanged, it is driven to an intermediate depdt, where the grain is stored
and from whence freshloads of salt are brought by the sheep. During the
cold months this system extends to the midland pergannas ; from the
end of March the flocks ply in the northern districts, and from the begin-
ning of May they are employed in transporting the grain from the foot of
the Ghat to the. Himdlaya villages. For the convenience of this traffic,
the Bihotias have, accordingly, three depits—one at their Bhot village, the
second. at the base of the Himdlaya, and the third, some three or four

i ! days’
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days’ journey below. Grain, to a partial extent, is conveyed by the north-
ern landholders on their own sheep, to the Himdlaya villages, and there
.'.;.imi!nrly bartered for salt. The rates of barter which now commonly
prevail, may be stated as follows. Inthe midland and nerthern pergannas,
from three to four of wheat or rice for one of salt, and within the Ghats, two
of wheat or rice for one of salt. To the Hiuniyas, however, the Bhotias
give only one of wheat or rice for two of salt in Bhot, while in Hiundes,
they exact double that proportion. Coarse grains, such as mandua,
chenna, &e. generally average half the value of the finer descriptions
above mentioned, in this system of exchange. The advantages of this
trade to the inhabitants of the northern districts, will be fully appreciated
on a view of the state of prices, which, at this moment, prevails in differ-
ent parts of the province. From the nature of the country, its agricul-
tural ‘produce cannot be made available for distant markets, and the
fluctuations of price which may there take place have, beyond a certain
sphere, mo influence on pricesin the interior. At Almora, which is sup-
plied from the midland districts of Kamaon (proper), wheat is now selling
at twenty-five sérs the rupee. -~ In the southern villages, both of Kamaon
and Garhwal, from whence exportation to Rohilkhand takes place, the
price is nearly the same. In the whole of the northern pergannas,
whence the Bhotias derive their supplies, the average price may be
quoted as still higher. In the western midland pergannas of Garhwal,
to which none of these demands extend, wheat is selling at two maunds
the rupee, and purchasers even at that rate are not forthcoming.

Calicoes.—From the constant use of woollen clothes throughout the
year, the consumption of cotton fabrics in Hiundes is small ; the demand
is confined to the coarsest descriptions, as quantity, not quality, is the
first consideration with the Hifuniya purchaser. Europe prints are in
partial request among the chiefs and foreign merchants. The aggregate

value
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value of exports, under this head, cannot be estimated at above ten thou-

sand rupees annually.

Hard-ware—including cooking utensils of copper, brass, and iron,
coarse cutlery, swords, matchlocks, &e. is exported to the extent of about

ten thousand Rupees.

Broad Cloth—Not more than thirty bales, chiefly of a coarse quality
are annually disposed of by the Bhotias, but did facilities exist for pro-
curing cloths of the desired qualities and colors, the sales might be very
considerably increased. The common military colors, such as red, yel-
low, blue, green, and grey, are the only ones generally procurable by the
Bilwtias—of some of these colors, the use in Tartary is confined to pecu-
liarsects and classes, and for the others, the taste has been long exhausted.
Cloths of unusual color, such as olive, various shades of brown, &c.
invariably command a quick sale. The enormous advance laid by the
Bihotias on the prices of this, as well as other articles of export, must
also tend to lessen the demand.

Coral—is prized, as an ormament for females, even above precious
stones ; the large bright scarlet beads of Mediterranean coral, will com-
mand almost any price. Inferiordescriptions also command a ready sale,

though at lower rates.

Pearls—In these, size is the principal desideratum, shape and color
are points of less importance ; no difficulty is consequently experienced
in supplying the demand to its fulf extent. The export in this, and the
preceding article, averages about five thousand rupees in value annually.

Gir—about one thousand maunds.
Sugar
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Sugar Candy—one hundred maunds.
Spices—ten maunds.
Dyes—chiefly lac and indigo, ten maunds.

Wooden Vessels—chiefly cups for tea, are in considerable demand ;
there are turned from various kinds of wood ; those in greatest request are
formed of the knot of a particular tree, which is to be found only in the
eastern hills, near and beyond Katmandu, whither the turners from Bhot
annually resort. Tea-cups of this wood are deemed by the Tartars to
possess peculiar virtues, and an unblemished specimen will sell as high

as fifty rupees ; the price of ordinary cups varies from four annas to two
rupees each.

Timber—in the shape of spars and planks, for building, is carried
for sale to the nearest marts. Indigent Bhotias, who have no other capi-
tal but their labor, carry on this traffic.

Cabinet-ware, glass-ware, and a variety of other commodities are parti-
ally exported : their aggregate value may beassumed at ten thousand rupees.

IMPORTS.

Salt—the natural produce of lakes in Hiundes, is universally pre-
ferred. in this province, for culinary purposes, to the Sémbher and other
cheap kinds of salt, from the plains : e latter are considered compara-
tively bitter and unpalatable, and are only used for cattle. The relative
prices of the two kinds of salts in question at Almora, are from six to
seven rupees the maund for Biot, and three to four rupees for plain salt.

The
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The Bhotias never part with their salt, exceptin barter for ‘agricultural
produce, and by adhering rigidly to this rule, they are enabled to command

a supply of the latter, even in the most unfavourable seasons. The total
quantity of salt imported, may be assumed one year with another at

fifteen thousand maunds.

T'incal—also the natural produce of a lake in Hiundes, for some
years subsequent to 1815, formed the most profitable article of specula-
tion, but the demand has now greatly declined. During the Gorkia
government, that is, up to 1814, not more than a thousand to fifteen hun
dred maunds of tincal ever reached the plains through this province during
the year. On the British invasion, and even before the conquest was
completed, large advances were made by British merchants to the Blotias,
for the provision of this article. By the competition among the former,
the amount of their advances was rapidly augmented up to 1818, when the
quantity imported exceeded twenty thousand maunds, as it did also in the
two following years 1818 and ]ﬂIE_L/ This import, as compared with the
demand in England, for which market it was chiefly intended, would ap-
pear to have been excessive. Heavy losses, and a consequent withdrawal
of capital from the speculation were the consequences. The supply has
since as rapidly decreased, and may be now stated, at seven to eight
thousand maunds. During the above periods, the price has been subject
to the same fluctuations up to 1814, the market rate of this article, in
its unpicked state, never exceeded three and a half rupees the maund, at
the marts of Kiésipur and Beliri; in 1818, it had risen to fourteen
ropees the maund, and some partial sales were made in that year
as high as sixteen rupees; ddring the two following years 1819-20,
the price ranged between twelve and fourteen : it has since gradually fallen
to eight, at which it may now be quoted. The article is imported by the
Bhotias, in its original state, as procured from the lake. By the merchants

. the
L]
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the tincal, or natural crystals, are picked for the Europe market, and
the dust is prepared into refined borax. The residuum, consisting of
river sand, is always considerable, varying in different years, from twenty
to aboye thirty per cent. . The Bilotias are not accused of adulterating
the article, though the petty hill traders, who purchased it from them,
w{;:rle, for some time, guilty of such practice to a great extent ; the refusal
of the plain merchants to take the article from these people, except with
a specific assurance against loss in refining, beyond a given proportion,
has checked this fraud. The prices in Hiundes correspond with those
of salt—this article being similarly obtained in barter for grain. A view
of the state of import in Great Britain, during the period in dmc.ussmn,
may not be irrelevant :—

-

Years. Value, Years, Value. i Yeqrs, Valué.
1814. ... £10,620 = 1817.... £32,573 . 1820.... £209,175
1815.... 59,200 1818.... 76,666 1821 . ..., 151,651

1816.... 103,301 .1819,... 215,591 1822.... . 25,268

The above statement is taken from a periodical publication, where it is
giyen in the amount of Indian import alone,

Wool—the produce of the Tartar sheep, known in commerce under
the name of berjengi, is imported to the extent. of five or six hundred
maunds—part of which is consumed by the Bhotias in the manufacture of
“ Pankhis,”* and the remainder is taken off by the zemindars of the
northern pergannas, for blankets : the money price may be stated at

fourteen

* The Pankhi is'a species of serge, varying in quality, some having the wool lefi long on
one side. '
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fourteen to fifteen rupees the maund, but it is usually disposed of by the
Bhotias in barter for oil, or other produce. The supply above noticed is
almost wholly obtained from the flocks of Hiuniya sheep, which visit
Bhot, laden with salt, or borax, and are there shorn.

Shawl Wool—the produce of the Zibet goat, was temporarily im-
ported during three years, with a view to the provision of the Compa-
ny’'s investment : this demand has since ceased. This article may be
procured, through the Blotias, to any extent, deliverable at Bigéswar in
its rough state, mixed with hair, at from thirty-six to forty rupees the
maund.

Gold-dusl—procured from the sands of every river in Hiundes, and
also obtained in small lumps by digging near the surface in various parts
of the deserts, is imported in small quantities.  The frauds found to be
practised by the Hiuniyas or Bhotias, in alloying this metal and in mix-
ing copper or brass filings with the dust, have created a general distrust
in the purchase of this article : not more than hundred phetangs, or eight
hundred rupees worth annually find a sale.

The remaining articles of import, comprising coarse shawls and
pattu, inferior silks, cow-tails, ponies, drugs, dried fruits, haritdl, saffron,
cured leather, similar to the Russian, &e. &c., may be assumed at twenty

‘thousand rupees annual value.

As during some years from 1816 to 1821, the value of the imports
greatly exceeded that of the exports, the deficiency on the latter was
supplied by coin. Farakhabad new rupees, to a considerable amount,
then found their way to Hiundes, of which they became the favorite cur-
rency.

olt
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It now only remains to offer a few observations on the former and
present state of this commerce. During the time of the Rajas, the Juwdéri
Bliotias alone traded on the products and manufactures of the plains, the
Blotias of the other Ghats confining their dealings to grain ; these latter
under the Gorkhali government, have extended their speculations, and the
trade of the Juwdris differs from that of the other Bhotias now, only in
its superior extent. In the early stages of this commerce a regulated and
fixed assize appears to have been made by the Trans-Himalaya govern-
ment, agreeably to which the commodities of the two countries were re-
quired to be bartered against each other. The commodities of Hindusthan,
from the smallness of the supply, and from the exactions and robberies
to which they were subject in transit through the hills, were appraised at
high rates ; thongh these causes have been wholly or partially removed,
their original effects remain in force, and the Bhotias continue to exact,
the old and arbitrary prices. Since 1815, a most material improvement in
favor of these traders has taken place; by the encreased facilities of com-
munication with the plains and by the total abolition of transit duties,
the imports from thence are now furnished in greater abundance and at
reduced prices, at the same time by the influx of capital from the same
quarter, the demand and value of every article of import from Tartary,
have been considerably enhanced : of these advantages, encrease of sales
is the only one of which the Hiuniyas have partaken in common with
the Bhotias. Were more equitable principles to be introduced in the
transactions of this commerce and were the commodities of Hindusthan and
Evurope, offered on fairer terms in the Hiuniya market, it is difficult to
say to what extent the demand might be augmented, while the Bhotias
retain their existing monopoly no such desirable modifications can be
anticipated, as a continuance of the present exhorbitant rates of profit is
almost indispensible to avert general bankruptey, which must otherwise
result from the heavy load of debts, with which the Bhotias are universally

™ saddled.

ot
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saddled. From the establishment of a direct intercourse between the
Almora merchants and those of Tartary, the desired object will doubtless
be gradually gained, the same capital will continue vested in the trade,
but the whole profit of the speculation will there fall to the capitalists,
while the losses to which the latter is now constantly subjected from the
failure of the intermediate trader, will be prevented ; under such circum-
stances the rates of profit would naturally be lowered, and the demand
audlaupp]jr of exports from Hindusthan might be expected to increase.
To the Bhotia the disadvantages resulting from such a change would be
more apparent than real, in the trade of the most profitable article of bar-
ter, grain, little or no competition could be offered, and though he might
no longer be able to speculate in the commerce between Hindusthan and
Tartary, yet the necessity of his services as a carrier would always
enable him to command a considerable proportion of the gross returns of
that trade.

It would here be desirable to offer some accounts of the adjoining
T'rans- Himalaya state, but the watchful care with which the entrance of
Europeans is prevented, the extreme precautions with which Natives of
India, not Bhotias, are admitted, and the jealous restrictions to which even
the Bhotias are subjected, preclude the acquisition of any particular and
authentic information on points, connected with the local administration
and resources of that country; a few general notices may, however, be

given.

The province of Hiundes is by its inhabitants called “ Nari,” while
at Laddlh and  to the westward, it appears to be known by the name of
Chang or Jhang Tang, an appellation nearly synonimous with Hiundes.
It is subject directly to the Lama at Lassa, and is administered by offi-

cers deputed or appointed {rom thence.
n The
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The chief government is entrusted to two Officers conjointly, who are
called Garphans, with the additional title of Urgée Ma, and Urgi Ya.
They reside at Gartokh, and are relieved after three years : natives of
Lassa and of that neighbourhood, are invariably nominated to these situa-
tions. The province is subdivided into districts, each containing a certain
number of towns and villages. The internal administration in each dis-
trict is similarly confided to two officers, called the Deba, and VFazir,
whose appointment also emanates from Lassa; the Deba, commonly a na-
tive of the eastern provinces, is also changed every three years ; the Vazir
who is one of the principal inhabitants of the district, holds his situation
during good behaviour. The measures of these officers are subject to the
controul of the governors at Gartokh.

The Urgit Ma and Deba appear respectively to enjoy superior conse-
quence and consideration, but to give effect to their acts the concurrence
of their colleague is indispensible.

The only regular military force in the province is said to consist of
two hundred horse, stationed at Gartokh ; this body must have been ori-
ginally recruited from Tartary, as the men of which it is composed are
described by the Blotias as a horse eating race. Each town and village
has its enrolled wmilitia, liable to be called upon whenever their services
are required. The religious institutions are under the exclusive control
of the provincial and district Lamas, who also appear to exercise consi-
derable influence in the local civil administration.

A rapid communication with the Capital, Lassa, is kept up by means

of  horse post, the stages are from fifteen to twenty miles apart, and four
horses with their riders are retained at each,

The
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The several public establishments are all remunerated by grants of
revenue in its different branches. These latter have already been enu-
merated (para. 37). Of the aggregate resources of the province no esti-
mate can be obtained ; from the concurrent testimony of the Bﬁoﬁu;, it
‘would appear that the Hiunigas are grievously taxed and oppressed
under their theocratical form of government. The towns and marts to
which the trade from each Ghat is respectively confined, are as follows :

Mina, .. to .. Chaprang. Dharma, .. to .. Kiunlang.
iti, .. to .. Dapa. Byanse, .. to .. Tuklakot.
These are severally the principal towns of districts, and as such the
residence of a Peba and a Vazir. The Juwidiri, as before observed, have
a general licence to trade in every part of the province.

Few oppertunities have occurred for obtaining an insight into the
peculiar usages and customs of the Bhotias, as when down in the Hindu
portion of the province,—they conform generally to the practises in use
there. In their personal appearance the Blotias are perfect Tartars, and
exceed the natives of this province in size and stature, more particularly
the Dharma Bhotias, among whom individuals possessing extraordinary
strength are far from uncommon.

The dress of the male sex is in all the Ghats nearly similar, consisting
of the common eastern robe and loose trowsers, with a skull cap, all of
woollen stuff, to these is added a kamarband of calico. The Dharma
and Byanse Blotias invariably wear woollen boots, reaching nearly to the
knee : these are composed of stuffs of different colors sewn chequerwise.
The soles are of buffalo-hide.

The
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The Blotias of the other Ghats also use hoots, of plain woollen stuff,
when travelling over snow. In the Mdna, Niti and Jumir.'{}huta. the
females adopted the dress worn by the same sex, and corresponding
classes in the northern pargannas. The Dharma and Byanse women
retain a Tartar dress. This consists of aweb of cloth folded round the
body, and descending from the waist to the ancles in the form of a
petticoat, at the waist it is secured by a girdle, commonly of leather:
above this is a shift without sleeves, reaching below the knee, while
above all is a narrow hood fixed on the top of the head and covering all
but the face, shewing a tail descending down the back nearly to the
heels ; a pair of boots, similar to those of the men, completes the equip-
ment. The above articles of dress are all made from woollen stuff dyed
either red or dark biue, having narrow white stripes. The ornaments of
these ladies baffle deseription and bear no resemblauce to any thing worn

~elsewhere : the most prominent are the ear-rings, commonly of pewter,

which in size and shape, may be compared to a massive house door key.
Strings of large pieces of coarse amber are worn round the neck in addi-
tion to two or three indeseribable necklaces. The Bhotias of both sexes,
and of all classes in every Ghat, carry suspended from the waistband by
small chains or thongs of leather, a variety of instruments of daily use,
such as knife, spoon, scissars, awl, packing needle, tweezérs, steel flint,
tobacco, paunch, &c. The Bhotias consume large quantities of food,
particularly of animal, of which a constant supply is afforded to them in
the carcases of their sheep and goats which die from fatigue or disease.
The Mdna, Niti and Juwsr Bhotias serupulously abstain from the use of
beef of every description ; by the Dharma and Byanse Bhotias the Chownr
Giae is eaten, and the common kine would probably not be spared by them,
but for the general prohibition against the slaughter of that animal which
i5 in force in this province. The Blotias are much addicted to the use of
spirituous liquors, in extenuation of which practice they plead necessity

from
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from the nature of the climate in Biot i when collected together in any
place, they have frequent drinking parties, which are continued during
the whole night, and sometimes kept up even for the ensuing day. Intox-
ication with them does not, however, lead to riot or disorder. The liquor
in use is of two descriptions— D, or Whisky, produced by distilla-
tion, and “Jdn,” obtained by simple fermentation: the latter is the favo-
rite beverage. Both are procured from rice : to hasten the fermentation
dried yeast, “ Baima,” reduced to powder, is added : a few hours only are
required to render the ““ J4u" fit for use. The “ Balma” is prepared from
the meal of barley or other coarse grain, on which an infusion of the ber-
ries or sprigs of the Juniper, or of the “ §ir,” in water is made to filter :
the dough is kneaded, and when ready, dried in small cakes for keeping.
The Balma is said to retain its properties for many years: its manu-
facture, which is tedious, forms the exclusive occupation of particular
individuals.

Of the Bhotias, it may be observed generally, that they are an honest,
industrious and orderly race, possessed of much good humour and patience :
in their habits they are commonly dirty, more particularly the Dharmias,
who openly profess an hereditary prejudice against ablutions of every
. kind; to this profession they fully act, and, except on particular occasions
of religious ceremony, never wash either their hands or face. The skirts
of their dress serve to cleanse both their persons and their cooking uten-
sils—to scrub the latter, either with sand or water, would, they conceive,
be attended by disastrous consequences, as already noticed in treating of
the climate.
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In conecluding this report, it may be added, that, on those points of
rural and domestic economy which haye been passed untoticed, little or
1o variation exists from the practices followed in other parts of the pro-

vince, and already detailed in a previous repurt./’
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AN ESSAY

ON

THE EXTRACTION OF THE ROOTS OF INTEGERS,

AS PRACTISED BY THE ARABS.

By JOHN TYTLER.

Ir any integer value greater than unity be assigned to the Symbol 10, and
the letters a, b, ¢, d, &c, be each some integer less than 10 so determined,
and 2 be also some integer, then, as is well known, all finite integers, and
some fractions, may be expressed by a series of this form—

" n—] n—2 N3

a'10 + 510 + ¢10 + d'10  &e.

(2.) The value generally assigned to 10 for this purpose, is the num-
ber of the human fingers, the integers a, b, ¢, d, &c. are called Digits ; and
fractions expressible by this series, are called Decimal Fractions

(3.) Now the problem which the art of Arithmetic properly so called,

proposes to resolve is this, having A and B, two numbers expressed by
P

&7t

0
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e
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the above series, it is proposed to express Z, by a similar series, in the
following seven equations.

I. A4+B=2Z W AB--B=Z.

1. A—B =12 Ve = Z

III. A x B =2 VI. A — A
VII. A =

All other operations on numbers, belong either to the synthetical or
analytical part of Algebra.

(4.) These operations, in the above order, successively become more
and more complicated, and hence to form an estimate of the state of arith-
metic among any people, it is sufficient to enquire into the method by
which they perform the most complicated of these operations with which
they are acquainted.

(5.) Conformably to this, I here propose to enquire into the method
by which the Arabians, supposing A and B to be integers, express Z in the

sixth equation or A = Zf or in other words, the Arabian method of
extracting the Roots of integer powers. This method is contained in
the Ayoun-ul-Hisab, a book, respecting which the reader will see all
~ that I know in vol. XIII. of the Researches, p. 461. I believe the Arabs
never attempted any general method for the seventh equation, which is
the foundation of the Theory of Logarithms, except mere tentation.
The extent of their knowledge on the subject of negative exponents,
may be seen either in Mr. StracHEY'S History of Algebra, published
in the Asiatic Researches, vol. XII. p- 177, or in the Calcutta edition of
the Arabico-Persic Kholasut-ul- Hisab, P- 313, et seq. I do not find any
trace of their acquaintance with fractional exponents.
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. (6.) Taminduced to hope that this enquiry may be the more interest-
ing, from not having been able to find it undertaken any where else ; it is
neither mentioned in Mr. CoLEBROOKES elaborate translations of Sanserit
Algebra and Arithmetie, nor in Dr. TavrLor’s Lilawati. In the Researches
vol. XII. Mr. StracuEY gives from the Kholasut-ul- Hisab, a full and
accurate account of Arabian Arithmetie, as far as Multiplication, but is
silent respecting the extraction of Roots. He observes, p. 171—* On the
other Rules nothing is delivered differing so much from those contained
in our common books of Arithmetic, as to require specific mention.” Mr,
STRACHEY was probably led into this opinion from his having only consult-
ed the Kholasul-ul- Hisab, a work far inferior, as I have reason to believe,
either to the Ayoun-ul-Hisab, or its predecessor, the Miftah-ul- Hisab, and
which contains no more than the extraction of the Square Root. To that
edition of the Kholasut-ul- Hisab, which was printed at Calcutta in 1812,
with a Persian translation, by Mouluvee Roshun Alee, (1 presume the
same mentioned by Mr. Stracuey at p. 167, ibid.) there is indeed added an
Appendix, containing the extraction the Cube Root, by Nujm-Uddeen Alee
Khan; but this last contains no more than the bare rule, goes to no higher
powers, and sets out by declaring, o ol i o2l 51 S z =
p- 466. “ The extraction of the Cube is one of the greatest difficulties in
the science of Arithmetic.” And even this rule, as far as I can find, has

never been translated into English.

(7.) In the 35th number of the Edinburgh Review, Professor Pray-
FAIR (I suppose) employs pages 201 and 202 in explaining the method
used by the Greeks, for the extraction of the Square Root: and this pre-
cedent will, I hope, be a sufficient justification of me for employing so

much time upon the present subject.

(8.) For this purpose it will be necessary to have a general demon-
stration of the extraction of the Roots of all powers, and as it would

P



\

54 . AN ESSAY ON THE ROOTS OF INTEGERS,

perhaps be difficult to refer to a book in which thisis detailed so minutely
as is required here, I shall endeavour to give one, and shall, accordingly,

arrange the present Essay in the following order. There shall be given—

I. A general demonstration of the extraction of the Roots of all
powers.

II. An example of this operation after the common European
method, exhibiting its conformity to the demonstration.

III. A similar example after the Arabian method, with a similar
exhibition.

IV. An extract from the original Ayoun-ul-Hisab, containing the

Rule, together with a translation and remarks.

(9.) Then to begin orderly—

I. In this demonstration, the symbol 2 shall be used to express

less than > to express greater than, and then the following Lemmas must
be premised.

Lemma 1. The #™ power of 10 is 1 with n cyphers to its right hand.

Thus the first power of 10 is 10, the second is 100, the third is 1,000,

the fourth is 10,000, &e. that is 1 with 1, 2, 3, 4, &e, cyphers to its right
hand.

Lem. 2. Hence the 2™ power of 10 contains + 1 figures, and is
the least possible number which can do 80.
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For 10 contains 2, or 1 4 1 figures and all less numbers contain only
one, again 100 contains 3 or 2 4 1 figures, and all less numbers contain
only oneor two, again 1000 contains 4 or 3 4 1 figures, and all less numbers

? contain only one, two, or three, and 10=10', 100=10%, 1,000=10%, &c.

Lem. 3. Hence the 2™ power of a Digit, as defined in paragraph 2,
cannot contain more than » figures.

For let a be any Digit then & £ 10% but 10" is the least number
which contains » 4+ 1 figures, hence " must contain less than = 4 1
figures, that is not more than ».

Lem. 4. The greatest number which contains only » figuresis 10°—1.

For the greatest number with 2 figures is 99 =100 —1 = 10°—1.
The greatest number with 3 figures is 999 = 1,000—1 = 10°— 1. The
greatest number with 4 figures is 9,999 = 10,000 —1 = 10*— 1, &ec.

Lem. 5. Let a be the number of figures in the integer A. Then the
number of figures in A” is not greater than na, nor less thanz (a—1) + 1.

For by Lem. 4. since there are a figures in A, so the maximum

of A is 10°—1, and maximum of A" is 10*—1 | which is evidently less

a
than 1{]] or 10**. But 10" is by Lem. 2. the least number which can
contain an + 1figures. And hence (10*—1)" or A” must contain less than
an - 1 figures, that is not more than an.

Again, since there are a figures in A, so by Lemma 2 the minimum

of A is 10" and minimum of A® is 10*~*| = 10°~" and by Lem. 2 10*~"
contains (a—1) n 4 1 figures.
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(10.) It would take up a great deal of room to go on demonstrating
the following propositions generally for every value of . It will be much
shorter, and equally legitimate, to fix upon an individual index, and
demonstrate the extraction of that Root, and then the demonstration®
may be easily extended to any other Power whatever, by means of the
Binomial Theorem. In doing this, I must endeavour not to assign the
value of the index = so high as to render the process unnecessarily prolix
and cumbersome, and, on the other hand, it must not be taken so low as to
render its extension to higher values, obscure and unsatisfactory. Be-
tween these two extremes, I shall chuse the number 6, and, making » =6,
shall proceed to demonstrate the extraction of the 6th Root.

(11.) By the Binomial Theorem (z+z)¢ = ¢ + 6%z 4 15242 4 202323
+ 152°2* + 625 + 25,

i
and hence a4z = ‘:a*’ + 625z + 15242° 4 204323 + 1507 2% 4 6az® 4 26,

Now let s and ¢be any real numbers, and there be given the number
s*44, in which s is known, then if there can be found a number such, that
6 s* X that found number ‘]

t
15° §* x that found number L When all added together, the

20- &* X that found number | sum should be = ¢, then is
4 L i

15 5* % that found number | & 4 that found number, the
.1

6 s % that foundnumber | 6th Root of s* + ¢.

L
that found number |

For let this found number be w, then evidently the above expression
becomes '
ﬂ.r'xu+151‘xu‘+2l}:’xu‘+lﬁs’xu‘+ﬁ¢x#+|ﬂ.=&
and then l'+5t’l+15:'u’+ﬂ'ﬂs’n’+'lﬁl'u'+6n|‘+ﬂ'=l'+l

& l i
and then et = s“+l3:‘u+15.r‘u‘+2w+1W+W+H‘=:+u
as above by Binomial Theorem.
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(12.) But if no such number can be found then is 542 a surd to the

¥
6th Power. If not, let s°+¢ be Rational.amd let l s°+4¢t =v. Then either

wis £ = or >s. 8

First let v = s then v = s* and £ &° + ¢. But by supposition

)
v= I s+t and also v®=s°+¢, which is absurd.

Second. Let v £ s, then by similgr reasoning »* is £ s°
and consequently 2 s° 4 ¢ and also = s* + ¢, which is also ab-
surd.

Third Let v > sandletv=s 4 w. Thenv® = (s 4+ w)f = s 4 ¢
=54+ 6s5w 4+ 155* w* + 205 w® 4 15 5* w* 4 6sw’ + w'. Hence w
answers the conditions of par. 11, which yet by supposition no number
can answer, which is also absurd.

(13.) Let then s® + ¢ be integers and thus irrational, and let « be the
greatest possible integer such that 6% u 4 15 s* «* + 20 57 u® 4 15 §* u*
+ 6su® 4 u® £ t, then is s 4+ u, the greatest integral approximate 6th
Rootof s° 4 ¢. Thatis (s + ) £ s° 4 tand (s +u 4 1)¢ > s¢ + ¢. For
if not let » be an integer > s + u and such that v £ s° 4 #. Then since
v >s+uands 4+ u > ssoalsov > 5. Letv = s 4+ w and then as before
V= (s4w)f =5 +65 w415 s* w + 208w + 155 w* + 65w’
+ w®and £ s° 4 ¢. Subtract s° from both sides, there remains 6 s* w
+ 15 5% w* + 20 87 o + 155 w* 4+ Gsw® + w' 2 {. But sincev >
s+uandv =5 + w s0o w > u, and fulfils the conditions of par. 11,
_ consequently u both is, and is not the greatest number that fulfils these
conditions, which is absurd.
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' (14.) For the same reasons as in par. 10, I shall suppose the present
operation to be performed on a number whose 6th Root consists of 6
figures. Let then M be a surd to the 6th power, and let its approximate
6th Root be m, sothatm® Z and (m 4+ 1)* > M. Then since m consists by
supposition of 6 figures, so M will contain not more than 36, nor less
than 31 figures. '

If not, then either M contains fewer figures than 31, or more than 36.

First, let M contain fewer than 31. Now since m contains 6 figures, so
by Lem. 5, m® contains atleast 6 X 5 + 1, or 31 figures, which is absurd.

Second, let M contain more than 36. Now since maximum of m by
Lem. 4 is 10°—1 so maximum of m + 1 is 10° and hence maximum of

&
(m 4+ 1) is ;'l;;_l or 10% which by Lem. 2 is the least number that can
contain 37 figures. But M £ (m + 1)° by supposition. That is, M must
always be less than the least number with 37 figures, and, consequently,
cannot contain more than 36.

(15.) Asamedium, let us suppose that M contains 33 figures, then by
the known properties of the series of par. 1, » will there be = 32, and M
may be thus represented, supposing the coeflicients of the powers of 10 to
be Digits.

a 10% 4 b 10" 4 ¢ 10 + d 10 + ¢ 10°° + f 107 4 g 10°
+ & 107 4 & 10°* 4 5° 103 + & 10** + I 10" 4+ m' 10°° 4 u 10"
+p 10° 4 107 47 10 4 5 105 4 £ 10'* + w 10 4+ p 10
+w 10" 4 210" + 3 10° 4 = 10° + & 107 4+ B 10° + 5 108
+ 8 10° 4 6 10° 4+ ¥ 10° 4+ 7 10 4 4.
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For abbreviation, let ¢ be put = 10 and let M be distinguished into
parts or periods of 6 figures each, counting from the units place, that
is, from 4 backwards. Then M will assume this appearance.

: a¢” + b ot + oo
+ 40+ et + ¢ + g ot + bt + i
+J 97+ ket + 1Y + mo* 4 ag? 4 op ot
+ ¢ ¢ + r o 45 + 0 4 uwp? v
+we' + 20 +y¢ 4+ 20 4w 4 Bief
+r® +3¢* + 50 + {0 + 10 44
which is equal to
(@¢* + b9 + c) X ¢*
+@¢ +eo* +/¢ +g¢ +ho + 1) Xt
+ e + ket +1¢ +mp* + a9 + p) X¢°
+ @ +ret +s5e + et +up + v) X't
+ (e 420t +y¢ +z0° 4 20 +B) X¢°
+ve Fdegt +egd + L0t + 10 + 0
Then for abbreviation let there be put
ag" +bp +c¢ =
d¢* +e¢* +f¢ +g¢ +he +i
J¢ +ke* +1¢ +mo' +np +p
q¢° +re* +59 + ¢ +up +v
we' +aet +yp + 29 +wp + 8
e +det 40 + L0 4+ e + 0
And then M becomes
Ag¢® 4+ Be* 4+ C¢® 4+ D¢* +E¢° +F.
which a very little consideration will shew may be thus expressed—

‘ AP+B| ¢*+C | ¢+D | ¢"+E | ¢"+F
in which expression A contains only 3 figures, and B, C, D, Eand F

each contain 6, and hence by Lem. 4 each of these numbers £ ¢".
R

Il

1l

Il
HEUO®L

Il
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(I':?). Now let the highest approximate 6th Root of A be a, so that
a" £ and (a 4+ 1)’ > A. Thenis a a Digit. Ifnota = or > ¢.

First. Leta = ¢, then «’ = ¢" and contains 7 figures by Lem. 2,
and yet A only contains 3 figures, which is absurd. A fortiori @ cannot

be > ¢

(18). Let A—a’=R,then R £ 64a* 4 154a* + 204* 4 15¢* 4 6a
+ 1 IfnotR=or >6a° 4 15a* 200" 4+ 154" 4 6a +.1.

First, letit be equal. Then A —a®° = 64a° 4 15a* 4 20 a® + 15 a*
+6a+ 1, and A =a® 4 6a* +15a* +20a” 4 15a% 4 6a 4+ 1=
(@ + 1. And yet by supposition A Z ('a+ 1)—which is absurd.
Second, a fortiori it cannot be greater.

(19.) SinceA—¢’=RandA =4a" 4+ R,s0 A ¢’ + B = (a" + R) ¢*
+ B =d ¢ + R+ B=ac| + (R ¢ + B). Now since
&

[ apl "= apso by Par. 13) a ¢ will here represent the S and R ¢’ +
B the ¢ of that Paragraph and if 4 be the greatest possible integer such
that 6. a ¢ |* b 4+ 15. a g |* b* + 20. a¢ |*P 4+ 15. agp|* b* 4
6.a¢. b5 4 be that is, Ga*¢. b+ 15a*¢* b* + 200’ ¢* ¥° + 15 a* et b*
+ 6ag b’ 4+ b° should be less than R ¢¢ + B, then is a9 + b the

highest approximate 6 Root of @ ¢| ¢ + Re¢ +BorAg® + B. and &
will represent the « of Par. 13).

(20.) In this case b when found must be a Digit. If not 4 =or > ¢.
First. Let b = ¢. Then 6 a%¢5} + 15a*¢* b +20a°¢? & +

Iﬁﬂmﬁ"’-l-ﬁﬂi.‘rﬁ’-fﬂﬁ“—ﬁﬂ’ ¢+ 15 a* ¢° +20u¢+1ua;+
6a ¢’ +¢". Now R by Par. 18 £ 6a® + 15a* 4+ 20 & 4 15 q* +
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6 a 4 1, and since R is an integer, so Maximum of R is 6 a* + 15 a* +
20 @ 4 15 a® + 6 @, and Maximum of R ¢"is 6 a* ¢° 4+ 15 a* ¢ + 20 &
¢’ + 15@* ¢’ + 6a ¢’. Again by Par. 17). B contains 6 figures and
hence by Lem 4). Maximum of B is ¢°—1. Hence Maximum of R ¢°
+Bis6a’¢ £ 15a"+ 20 a ¢+ 15 a¢ ¢ + 6 a¢e® + ¢'—1.
But 6a*¢°+ 15a* ¢° +20a’¢° + 15a* ¢* + 6a ¢* + ¢° exceeds 6 a’
¢ + 15a*¢® 4 204’ ¢¢ 4+ 15a* ¢* + Ga¢® + ¢°—1, by Unit. That
18, if b= ¢, then 6@’ ¢* b + 15a* ¢*b* +20a° ¢ 0* + 15a* ¢* b* 4 G a
¢ &° + b°, must exceed R ¢¢ + B at least by 1, and yet is also £ R ¢°¢ +
B which is absurd. A fortiori b cannot be > -

(21.) Thenlet A ¢* 4 B beput = P anda ¢ 4 b = p, then since p
is the approximate Rootof P, so p® Zand (p 4 1)¢ >P. Let P—p* = R".
Thenis R" 2 6 p° 4+ 15p* + 20 p* 4+ 15p* + 6 p 4 1. Ifnot R’ = or
>6p*+ 15p* +20p' + 15p* + 6p + 1.

First. Let it be equal. Then P—p¢ = 6 p°* 4 15 p* + 20 p* 4 15p*
+6p+lL,and P = p° 4+ 6p° + 15p* 4+ 20p° 4+ 15p* + Gp 4 1 =
(p + 1)°. And yet by supposition P £ (p + 1)° which is absurd. Second.
A fortiori it cannot be greater. '

(22.) Since P—p* = R’ and P =p% 4 R’'so P¢® 4 C = [A ¢% & Bj¢*
+ C=(p°+R)p*+ C=pe* + R'e* +C=pg|® + (R ¢* +C).

Now since %i?@_jﬁ = p ¢ so by Par. 13). p ¢ will here represent the S and
R’¢® + C the ¢ of that Paragraph, and if ¢ be the greatest possible integer
PRIt +20pp|ie 15 po|tet +6p
;%:.lﬂp‘ ¢t c* +20p°0°c" + 15p* et et - Gp
R’ ¢¢ + C then is p p 4 ¢ the highest ap-
proximate 6th Root o S+ Rt 4 CorPg¢ 4+ Cor[Apé +B| ¢
+ C and ¢ will represent the « of Par. 1?;].

such that 6 pg| e + 1
¢ ¢ +c° that is 6 p° ¢3
@ ¢° 4 ¢° should be le
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(23.) In this case ¢ when found must be a Digit. Ifnote = or > ¢

First, let ¢ = ¢ then 6 p* ¢* ¢ 415 p* ¢* ¢* 4+ 20p  ¢’c® + 15p% p% et
+0ppc’ + et = Gpipt +15p e 20p° ¢* +15pg® +6pgs 4¢°.
Now R'by Par. 21) Z 6 p* 4 15 p* 4 20 p® 4 15p® +Jﬁf’ + 1, and since
R’is an integer so Maximum of R"is6p° 4 15 p* 4200’ 4 15p% + 6p
and Maximum of R’ is 6 p® ¢ 4 15 p* ¢° 4 20 p? ¢ 4 15p¢ ¢* +Gper.
Again by Par. 17). C contains 6 figures and hence by Lem 4. Maximum
of C is g*—1. Hence then Maximumof R’ ¢° 4 Cis 6 p® ¢* + 15p¢ ¢° 4
20p* o+ 15p* ¢ + Gpe® 4 ¢*—1. But 6 p° ¢° 4 15 p* g¢ o+ 20 p2 ¢
+15p% ¢° + 6 p p° + 0° exceeds 6 p® p° + 15 p* g¢ 4 20 p* ¢° + 15 p* g
+6p¢° + ¢°—1 by Unit. That is, if ¢ = ¢, then 6 p® ¢5 ¢ + 15 p+ ¢4 ¢t
+20p* ¢ e’ + 15p* p* ¢* + 6poc’ 4+ ¢ must exceed R ¢¢ + C at
least by 1, and yet is also £ R’ ¢¢ + C, which is absurd. A fortiori ¢
cannot be > ¢.

(24.) Thenlet P ¢¢ + C be put = P’and p ¢ + ¢ = p’ then since p/
is the greatest approximate Root of P’ so PP<Pand (pf 4+ 1)¢> P Let
P—p's =R.” Then by similar reasoning to that by which R’ was proved
LGp* 4+ 15p* 20 p* + 15 P*+6p 4 1, may R” be proved £
Gp° +15p" 4+20p/* 4 15p* 46/ 4 1. And by continuing with P’ and p/
the same reasoning that was applied to P and p» there will be found
P ¢ + d or p” the highest approximate Root of P ¢¢ 4+ D or P That

iatpp-|-cl¢+r!0r r]u.p +b;¢:+cl¢:+dis the greatest approxi-
mate Root of | P ¢* ] p¢ +Dur||A¢“" + B |¢° +¢|¢*+Dand

-

]
P"—p” will be equal to R, Gin!

(25.) And by a continuation of the sa
cessively be found— '

oning, there will suc-
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[ + d L +¢, the great-

|a¢+ﬁl¢=+c

estapproximate 6th Rootof P or P” ¢° 4 E, or |
¢ +E. And P”—p" will be = R".

Second. p"=p"¢ 4 f= ‘ |ﬂ¢-+ﬂ']¢+c p4dlo e
the greatest approximate 6th Root of P" or P” ¢f¢ 4 F or

I |A¢‘+B|¢-‘+c ¢+ D¢+ E

number M proposed in par. 16). and P"——p‘?’ = R’. That is p'" = m of
par. 14).

First. p" =p'o +e= \

1w‘+13’

|Age+B|e - C

e+ f

¢* + F, which is the original

(26.) And evidently similar reasoning may be continued to any
length. Let it now be proposed to pursue this operation so as to find a
certain number of decimal places in the Root, and to avoid as before
par. 10), the trouble of a geﬁeral demonstration let it be proposed to find
the Root to 3 decimal places. Then multiply M by ¢°X? or ¢'¢, and by
the principles of the series in par. 1). M ¢ will contain 33 4, 18, or 51
figures as by par. 15). And of these, as will easily be perceived, the 18
lowest places are Cyphers. That is by the reasoning of par. 15.

Mﬁ":ﬂﬁ“-j—ﬂp“{
and, consequently, by o
the approximate Root

ag® +bg" +
Let this Root be put

+ D¢* + Eg** 4 F¢'*4 09 409 4 0.
according to the principles given above,
und of this form.

Ko’ +eo* +fe +g¢' +ho+ k.

o that p £ and (u 4+ 1)° > M ¢'®. Then
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e M ¢ W (w4 1)°
evidently — £ that isZ M. And similarly ———— > M. Hence
ﬁlﬂ Fll pli‘
T (e +1° p+1
then |— or — £ M7¥ and® or
ﬁ'“ ¢r3 tm '?"3
p a4 b+’ +dgttept+ g tg tHhot k
That is— or- ~ s MR = h S
¢|!' fr’
is the approximate 6th Root of M, and is equal toa ¢* + 60* ¢’ 4-d ¢* +
eg' + f¢° +g¢~ +he™ +k¢™ which, according to the well known laws of

the series of par. 1,) contains 3 decimal places; viz. g ¢™ +h¢™ + kg™

> M*,

+1 :-b

And sinceL > M so is— the highest approximate Root with 3 de-
e ¢

cimal places.

(27.) If for 3 decimal places, there be required any other number,
then let the number of decimal places required be put = z, and then it is

obvious that in this reasoning for M ¢*** and— there is to be substituted

s ¢
M¢* and——, and the very same process will give a Root with a z number

[
of decimal places.

18

(28.) But I have not been able to find that the Arabs were acquaint-
ed with this method of approximating to the truth, and I therefore pro-
ceed to explain their contrivance for adding a fraction to the integral
approximate Root, such that the sum should of course be greater than
that integral Root, and yet less than the truth, and consequently should
approximate still more nearly to the truth.
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Let M be a surd integer to index », and m its approximate root, so
that m" £ and (m4-1)* > M. LetM—m" = r and M =m" 41 Then

n
r r
is M always > m + That is m 4 is an
(m + 1) "—m". (m 4 1) "—m®

approximate »* Root of M, greater than m the integral Root.

For as before, let n be expounded by 6. Then obviously (m 4 1)°—
mé = 6m’ 4+ 15m* 4 20m* 4 15m* +6m + 1. Now since![3 > m let
Y = m + 2. Thensince " £ m 4 1, sox £ 1and is a proper frac-
tion. Then M = (m+a)° = m® + 6m’z + 15 m*2* 4 20m’a" 4 15m* z*
+ 6ma’ 4 2° and M—m® = 6m’z 4 15m* 2* + 20m’2” 4 15m* x* + 6ma®

r 6mtx + 15 m* 2* + 20 m’ &7

—

(m 41)5—m® 6m’ 4 15m* 4 20 m?,

+ 15m* a* 4 6ma® 4 2° r
. Thenx >
4+ 16m* 4 6m <41 (m4- 1)6—m®"

4+ z* = r. Hence

r r
If not, then z = or £ ———— Firstletz =
(m 4-1)°—m"®. (m4-1)5—m°.

6mSz + 15m*2* +20m°x” 4 15m* z* 4 6ma® 4 =°
Then z = and hence
6m* + 15m* +20m' + 15m* 46m 41
6mix + 15m* x4 20m’r + 15mes+6mad+r=6m’zr + 15m* &
+20m 2 + 15m* 2* + 6ma® 4+ 2% an equation which is evidently
absurd, unless + = 1. But 7 is also a proper fraction, which is absurd.

r
Secondly, a fortiori x not £ for then also 6m*z 4+ 15 m* 2
; (m 4 1)°*—m®

+20mat1omr+bme + 2L 6w + 15 m* «* + 20 m® 7*
+ 15 m* 2% 4 6 m ° + a°, which requires 2 to be > 1. also absurd.




66 AN ESSAY ON THE ROOTS OF INTEGERS,

r 2 r
Then since 2 >————som 4+ 2> m 4+ and (m+z)*
(w--1) "=’ (On-1)°—ms,
(]
r
orMalso > m +——————| as above.
(m+1)0—ms,

(20.) Here it is evident, that if any constant value be assigned to
m, then if r be small, that is in case the integral Root differ but little from

r
the true Root, then the fraction is also small, but if  be
(m 4+ 1)*—m"®

large, that is in case the integral Root, differ much from the true Root,

r

then the fraction is large. That is, the compensation made
(m 4 1)°"—n®

by the fraction is proportionate to the error of the integral Root.

(30.) I need scarely add, that whenever it is required to extend the

above demonstration to any other index than G, then for the individual .

numbers 6, 15, 20, 15, 6, 1, there are to be substituted the general co-effi-

. : 2 a—I1 n n—1" n—= 5 n—1* n—2- n—3
cients of the binomial theorem #,

L) »

_ 2 2 3 -l S
&c. and the same reasoning applied as that given above,

(31.) I now proceed in order :—

II. 'To exemplify the above demonstration, by the actual extraction
of the 6th Root of a given number, according to the directions contained
in European books of Arithmetic. I therefore chuse to extract the 6th
Root of the number

166, 571, 800, 758, 593, 887, 308, 206, 025, 335, 490.

which consists as in par. 14) of 33 figures. And the operation is thus
exhibited.
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166, 571, 800, 758, 503, 887, 308, 296, 025, 335, 490, (234567
64
102, 571, 800
84, 035, 889
18, 535, 911, 758, 593
16, 134, 619, 913, 216
2, 401, 201, 845, 377, 887, 308
2, 116, 025, 521, 169, 640, 625
285, 266, 324, 208, 246, 683, 296, 025
955, 443, 315, 383, 323, 683, 729, 856
29, 823, 008, 624, 922, 999, 566, 169, 335, 190
29, 823, 008, 824, 922, 999, 565, 181, 681, 169
987, 654, 321.

(32.) And the Rule given for its performance is as follows :

Article (a). Place a dot over the units place and over every succeed-
ing 6th figure, counting to theleft hand, that is, over the 7th, 13th, 19th,
25th, and 31st places. Then beginning at the left hand ; call 166 the
first period ; 571,800 the second period: 758,593 the third period; and
B0 Onl.

(%). Find the nearest approximate 6th Root of the first period 166.
This by trialis 2, For 2¢ — 64 and £ 166and 3¢ — 729 and > 166. Write
this 2 separated by a semicircle to the right hand of the given number,
and call it the first found figure of the Root.

(c). Call the 6th Power of the first found figure of the Root which
18 2% — 64, the first Subtrahend.
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(d). Subtract 64, this first Subtrahend from 166 the first period, and
call 102 the first Remainder.

(e). To the right hand of the first Remainder annex the second
period 571,800, so as to make it 102,571,800, Call this the first Re-
solvend.

(f). Seek the greatest number with the following properties. That
if there be taken—

6 X (ten times the first found figure of the Root)* x (this sought
number)

+ 15 X (ten times the first found figure of the Root)* X (this sought

number):

+ 20 X (ten times the first found figure of the Root)* x (this sought
number)?

+ 15 X (ten times the first found figure of the Root)s x (this sought
number)s

+ 6 X (ten times the first found figure of the Root) X (this sought

number)s
— (this sought number).

The sum of all these added together may not exceed the first Resol-
vend 102,571,800,
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Then 3 is the number which fulfils these conditions. For since 2 is
the first found figure of the Root, if 3 is the sought number, the above

expression becomes—

62053

+ 15:204-3¢
+ 20:202-3°
+ 152023+
+ 620 35
+. 3¢

Z. 102,571,800. And 3 is
conditions. For if 4 be
number, it will become—

6:205-4

+ 1520442
+ 2020943
+ 152024+
+ 620 -4
4&

i

6:3,200,000° 3
15° 160,000° 9
20 8,000 27
15 400° 81
6 20-243

729

57,600,000
= 21,600,000
4,320,000
= 486,000
29,160

729

Il

Il

84,035,889, which is

the greatest number which will answer these
substituted in this expression for the sought

—_—
—_—

IR |

6:3,200,000° 4

15

20-
15°
ﬁ-

160,000 16
8,000 64
400" 256

201024
4096

= 76,800,000
= 38,400,000
10,240,000
1,536,000
122,880
4,090

1

127,102,976, which is

> 102,571,800, and consequently would not answer.

(#). Place 3, the number now found, to the right hand of 2, the first
found figure of the Root, in the semicircle Article 4.) so as to make it 23.
Call 3 the second found figure of the Root, and 23 the found figures of the

Root.
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{\ (¢)). Call 84,035,889 the sum found by Art. £.) the second Subtrahend.
\

\ (4). Subtract 84,035,880 the second Subtrahend from 102,571,800 the
first Resolvend, and call 18,535,911 the second Remainder.

(¢). To the right hand of the second Remainder annex the third
Period 758,593 so as to make it 18,535,911,758,593. Call this the second
Resolvend.

(f"). Seek the greatest number with the following properties. That
if there be taken—

6 X (ten times the two first found figures of the Root)’ x (this
sought number)

+ 15 X (ten times the two first found figures of the Root)* x (this
sought number.)*

+ 20 X (ten times the two first found figures of the Root)? x (this
sought number.)?

+ 15 X (ten times the two first found figures of the Root)* x (this
sought number)+

4+ 6 X (ten times the two first found figures of the Root) x (this
sought number.)s

+ (this sought number.,)¢

The sum of all these added together may not exceed the second
Resolvend 18,535,911,7 58,593.
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Then 4 is the number which fulfils these conditions. For since 23
are the two first found figures of the Root, if 4 is the sought number, the
above expression becomes—

623054

+ 1523044
+ 20:230%4°
+ 15:2302:4+
+ 6230 -4
34t

is Z 18,535,911,758,593.

Il

Il

Il

6'643,634,300,000° 4

15°
20°
15

G

2,798,410,000° 16
12,167,000- G4
52,9000 256

230 1024

4096

1l

—

15,447,223,200,000
671,618,400,000
15,573,760,000
203,136,000
1,413,120

4,006

16,134,619,913,216, which

And 4 is the greatest number which will

answer these conditions. Forif 5be substituted in this expression for the
sought number, it will become—

623055

+ 15:230%5
+ 20:230%5
+ 15°230%5%
+ 6230 5
55

6+G43,634,300,000 5

15
20
15

ﬂ-

2,798,410,000- 25
12,167,000 125
52,9000 625

230 3,125

15,625

—_
—

1]

19,309,029,000,000
1,049,403,750,000
30,417,500,000
495,937,500
4,312,500

15,625

20,389,350,515,625, which
is >18,535,011,758,503, and consequently would not answer.

I’. Place 4, the number now found, to the right hand of 23, the two
first found figures of the Root in the semi-circle Art. 4,) so as to make
it 234. Call 4 the third found figure of the Root, and 234 the found figures

of the Root.
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¢’. Call 16,134,619,913,216, the sum found by Art. J",) the third
Subtrahend.

d’. Subtract 16,134,619,913,216 the third Subtrahend from
18,535,911,758,593 the second Resolvend, and ecall 2,401,291,845,377 the
third Remainder,

¢’. To the right hand of the third Remainder annex the fourth
Period 887,308, so as to make it 2,401,291,845,377,887,308. Call this the
third Resulvend._

And this operation must be analogously continued thus—

J". Seek the greatest number with the following properties. That
if these taken—

6 X (ten times the found figures of the Root)* X (this sought
number).

+ 15 X (ten times the found figures of the Root)* % (this sought
number)’.

+ 20 X (ten times the found figures of the Root)? % (this sought
number)®.

+ 15 X (ten times the found figures of the Roof® X (this sought
number)*,

+ 6 X (ten times the found figures of the Root) X (this sought
number)’.
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+ (this sought number)".

The sum of all these added together may not exceed the last
Resolvend.

(¥".) Place the number now found to the right hand of the found
figures of the Root in the semicircle Art. 5). Call the number now found
the last found figure of the Root, and the whole of the figures in the semi-
circle, the found figures of the Root.

(¢”.) Call the sum found by Art. 7 the last Subtrahend.

(d".) Subtract the last Subtrahend from the last found Resolvend,
and call the Result the next Remainder.

(¢”.) To the right hand of this Remainder annex the next Period,
and continue this circle of operations till there be no period in the origi-
nal given number so to annex.

And thus it will be found that—
The fourth figure of the Root is 5.
The fourth Subtrahend is—

6:2340%5 4 152340%5°  2002340%5 4 152340%5% + 6:'2340°5% 4 5°
= 2,116,025,521,169,640,625.

The fourth Remainder is 285,206,324,208,246,683.
Then the fifth figure of the Root is 6.
The fifth Subtrahend is 255,443,315,383,323,683,729,856.

The fifth Bemainder is 20,823,008,824,922,999,566,169.
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Then the sixth figure of the Root is 7.

The sixth Subtrahend is 29,823,01]3,324.922,99!},56-5,131,631,169.

And the sixth Remainder, with which the operation concludes, is
987,654,321.

(33). I now proceed to show the conformity of this Rule, with the
demonstration given in Par. 11). et seq. and for this purpose must pre-
mise the following—

Lemma 6. If to the right hand of a Row of a figures another Row
consisting of an »" number of places be annexed, this is equivalent to
multiplying the first Row by 10" and adding to the product the number
expressed by the second Row.

Thus let 9,876 be a Row of figures, and 123,456 a second Row. In
this second Row there are 6 figures, then if it be written to the right hand
of, and in one line with the first Row, it will become 9,876,123,456 =
9,876,000,000 + 123,456 = 9,876 4 10° 4 123,456. This is too evident to
require farther illustration.

(34.) Now M (Par. 15.) is expounded in the present example by the
number 166,57 l,W,TEE,&BB.BB’?,S{IB,EWJ}E&,335,19{}, so placing the dots
over every Gth place, as directed in Par. 22, Art. a). distinguishes it by
Lem. 6 as follows:

166,000,000,000,000,000,000,000,000,000,000.
+ 571,800,000,000,000,000,000,000,000,000.
+ 758,593,000,000,000,000,000,000.

+ 887,308,000,000,000,000.

+ 206,025,000,000.

+ 335,490.
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That is equal to
16610 4 571,80010°* 4 758,503'10'* L 887,308'10'° 4 296,025'10°

+ 335,490,

Then evidently by Par. 16.)
166 consists of 3 figures, and expounds A.
571,800 consists of 6 figures, and expounds B.

758,593 .............. similarly expounds C.
887,308 .............. similarly expounds D.
OB} Al dde e thsshye similarly expounds E.
0 e Ll similarly expounds F.

And hence, by the masamng of Par. 16) M becomes equal to,
(¢ being put = 10)

l |.lﬂﬂ " + 571,800 | ¢° 4 758,593 ¢° 4+ 206,025

¢* + 335,490,

¢° 4 887,308

And hence in succession—
A ¢°+ B or P is expounded by 166 ¢° 4+ 571,800, or 166,571,800 by Lem. 6.

e’ + Ble® 4 CorPg® 1 CorP by [166¢" + 571,800 ¢° + 758,593,
or 166,571,800,758,593.

“A; +B]p -]-CI p‘+DurP’j‘+Dan'hy -

l | 166 ¢¢ 4 571,800 | ¢° + 758,593 I ¢° + 887,308, or 166,571,800,758,
593,887,308

.
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IA¢‘+B 2"+C l #+D

¢"+E or P” ¢°4+E or P by

¢ + 837.3031 ¢° + 206,025, or

| 166 ¢° 4 571,800 | ¢° 4 758,503
166, 571,800,758,503,887,308,296,025.

And hence P ¢¢ + F or P by the same number as M (Par. 25.)

(b.) Now the highest approximate Root of 166 or A is 2. Hence
2, the first found figure of the Root, expounds a (Par. 17).

(c.) Then 2° = 64 = first Subtrahend, expounds a°. ’

(d.) Then 166 — 64 = 102 expounds A — a° or R and is first
Remainder.

(e.) Since B is expounded by 571,800 and consists of 6 figures, so
102,571,800 by Lem. 6 expounds R ¢¢* + B, and is first Resolvend.

(f-) Since a is expounded by 2, 50 a p is expounded by 20, and a* q;:
or a ¢[* by 20°, and «* ¢’ or a ¢|' by 20%, &e. hence Ga’e® 4+ 15a*¢* 4+ 204 ¢
+ 154" ¢* 4 6ap + 1isexpounded by 6:20° + 1520* 4 20-20° + 15-20*
+ 6:20 4+ 1, and since 3 substituted as directed prniiuces by the sum 62053
+ 1520%3* 4 20:20%3° + 15:20*3* 4 6:20:3° 4 35 anumber 84,035,889

: smaller than 102,571,800 or R ¢¢ 4+ B, and since 3 is the greatest number

whichwill do so, so 3 expounds the b of the sum 6 5 ¢ b + 15 at ¢* I*
+ 2@ @8 +15a* ¢* b +6agpds 4 b as by Par. 19).
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(¥.) Then 3, the second found fizure of the Root, expounds & (Par. 20)
and since 2 expounds a, and there is but one figure in 4, so by Lem. )
@ ¢ + bis expounded by 23. And since p by Par. 21) =a ¢ 4 3 S0 p is
expounded by 23. ' And hence 23 is the highest approximate Root of
Ag¢* 4+ BorPor 166,571,800, the two first periods of the given number.

As s easily tried, for 23° — 148,035,889, which is less, and
24% — 191,102,976, which is greater than 166,571,800,

(¢.) Then 84,035,889 the second Subtrahend expounds 6 4 ¢ b -
F15a2 2 8 + 20005 4 154* ¢* 1* 4 Ga g b 4 s

(d.) Sinceby Par. 19.) A ¢¢ + B — ¢ ¢+ Re*+BsoAy 4 B
—a®¢° =R ¢ + B. Subtract from both sjdes of this equation the
second Subtrahend by Art. ¢) and it becomes Ag¢ + B —af g
—Bae’b — 15a*0* b* — 20 &3 ¢! P — 150 gt bt — Gagpd — b
=R¢°+B—(6a’p5b 415 a* et 0 +20a° ¢ B? 4 1547 g b+ Gaghs 4 b%)
=AP 4+ B—(a° ¢ + Gas g’ b4 15a* ¢* b 4 20 @ ¢’ & + 15 a* ¢* b+
+6apb’+ )= (A +B)—(a g +6)°=by Par.21) to P — p¢ — R,
Then since R ¢° + B is expounded by 102,571,800 and 6a5¢5 + 15a* g+ b
+20a’ > b + 15a% ¢* b* 4 Gap bs + b° is expounded by 84,035,880
so(Re* + B)—(6as ¢’ b + 15 a* ¢t b* 4 20 @° g3 §» + 15 a* p* b
+ 6apds 4 b°) or P — pe or R is expounded by 102,571,800 —
84,035,889 = 18,535,911 the second Remainder.,

(¢.) Since C is expounded by 758,593 and consists of figures, so
by Lemma 6,) 18,535,911,758,593 expounds R’ ¢° + C, and is the second
Resolvend.

(f*.) Sinceap + borpis expounded by 23, so p ¢ is expounded by
230 and p* ¢* or p ¢* by 230° and p* ¢ or p ¢* by 230°, &c. hence 6 P
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+ 15 p* ¢* + 20p7 ¢ 4 15p* ¢* + 6p ¢ + 1 is expounded by 62307
4 15230% 4 20°2307 4 15°230* + 6'230 4 l,and since 4 substituted as
directed, produces by the sum 6:2305-4 4 15230%4¢ 4+ 20230%:43
+ 15:230%-4* 4 6:230°4% 4 4° a number 16,134,619,913,216 smaller than
18,535,911,758,593 or R’ ¢* + C, and since 4 is the greatest number which
will doso, so 4 expounds thec of the sum 6 pS¢fec 4 15 p* ¢* ¢ 4+ 20p° ¢* ¢
+ 15p°¢°e¢* 4+ 6 poc® 4 ¢ as by Par. 22.)

(¥".) Then 4, the third found figure of the Root, expounds ¢ (Par. 23.)
and since 23 expounds a ¢ 4 & or p, and thereis but one figure in ¢, so by
Lem.6.) (a9 +8) ¢ + corpo + c is expounded by 234. And since
#' by Par. 24 = pp 4 ¢ s0 p' is expounded by 234. And hence 234 is
the highest approximate Root of [Ap" + B ¢® 4 Cor P¢® 4 C or P/, or
166,571,800,758,593 the three first periods of the given number.

As is easily tried, for 234° = 164,170,508,913,216, which is less, and
2356% = 168,425,230,515,625, which is greater than 166,571,800,758,593.

¢’. 'Then 16,134,610,913,216,the third Subtrahend,expounds 6 pip’e 4+
15p%%c* + 20p%°c + 15p*¢*c* 4 6pec® 4 o by Par. 23)

d’. Sinceby Par. 22)P ¢ + C= p°¢* 4+ Ri¢" 4+ C s0 P ¢f 4 G
—p'¢" = R'¢" + C. Subtract from both sides of this equation the
third Subtrahend by Art. ¢”). And it becomes P ¢' + C —p® ¢ — 6 p*
p'c— 15 p* ¢t ¢ —20p° ¢ — 15p° ¢’ ¢* —6Bpopc®—c* = R ¢ +
C—(6p°gSc+15p*e*c® + 20pi g3 ¢ +15p*p*et + 6popf 3 ¢
=@®¢" +C)— (e + ¢ = (by Par. 21.) P/ —p/ = R”. Then since
R’ ¢* + C is expounded by 18,535,911,758,593, and 6 PPefe+4 1optete
+220p e+ 15p ¢ + 6 popes + 0 is expounded by 16,134,619,
N3216,s0 K" ¢" + C—(6p° ¢* ¢ + 15p*e*e® + 20p3¢" ¢ + 15 pg* et
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+6pocs 4+ ¢) or PP — #'° or R” is expounded by 18,535,911,758,593,
— 16,134,619,913,216, or 2,401,291,845,377 the third Remainder.

And by a continuation of analogous reasoning, it will be found that
d is expounded by 5, the fourth found figure of the Root.

Cpigd 4 15p o' d® + 20 p P dd + 15p° ¢*d* L 6l pd +
d® is expounded by 2,116,025,521,169,640,625, the fourth
Subtrahend.

P o +dorp’by 2,345, and that is the approximate sixth Root of
166,571,800,758,593,887,308, the four first periods of the given

number.

P” —p”¢ is expounded by 285,266,324,208,246,683, the fourth
Remainder or R".

e is expounded by 6, the fifth found figure of the Root.

6 e + 15ppte 4 20 pTpe + 15 pTet 4 6 p'ges + ¢ is
expounded by 255,443,315,383,323,683,729,856, the fifth
Subtrahend.

"¢ + e or p’” by 23,456, and that is the approximate sixth Root of
166,57 1,800,758,593,887,308,296,025, the five first periods of the

given number.

P —p" is expounded by 29,823,008,824,922,999,566,169, the fifth
Remainder or R™.
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J is expounded by 7, the sixth found figure of the Root.

6" 85 f + 1574 g% f* 420 P8 @ f3 415 ™ ¢ f* 4 6 o fS
+ f¢ is expounded by 29,823,008,824,922,999,565,181,681,169,
the sixth Subtrahend. ‘

?" ¢ + for p" by 234,567, and that is the approximate sixth Root of
the given number, 166,57 1,800,758,593,887,308,296,025,335,490.
That is p'" = m.

P".—p'" is expounded by 987,654,321 the last Remainder, and since
by Par. 25). P" = MsoP'—p!" = R" =M — mS = r of
Par. 28.)

And it is evident this reasoning may be continued to any number of
periods.

(35.) I now proceed in order to—

III. Exhibit this operation as directed by the Arabian Arithmeti-
cians, and then explain its conformity to the original Demonstration.
This operation occupies a much more extended space, andis delineated
in the annexed Diagram.—(See Lithographized Figure.)

(36.) The outlines which constitute the upper part of this Diagram,
and are there called the Rank of the Nﬁmher, and contain the same figures
as in the European Operation of Par. 31), are technically called by the
Arabian Arithmeticians . s X4 Shukloon Mimbureeoon, or Pulpit Dia-
gramor Figure, from its fancied resemblance to the ascending steps which
constitute a Mohammadan Pulpit. This term will perhaps sound oddly
in European ears, but we shall be less inclined to deride the quaintness of
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the expression when we recollect how many of our own technical phrases,
if literally translated would, to an Arab, appear equally worthy of ridi-
cule. How would an Anatomist defend the Carpet of the Eye, the Boat
and Moon bones of the Wrist, the greater and lesser Couriers of the
Thigh, the Bedpost processes of the Scull, and the dancing Net of the
Brain ; and innumerable other names equally fantastic. Nor is even the
severe Science of which we are now treating, quite exempt from this cen-
sure. What shall we say of the Forefinger of a Power, or the Chain of a
Root?

(37.) Then divide the given number into Periods by dots, as directed
in Par. 32 Art. ). Draw a Pulpit Diagram, ascending to the left hand,
having as many steps as there are periods in the given number. From
each step draw longitudinal lines down the page, so as to have in each
step a place for each figure of the corresponding period, between the in-
terstices of each two longitudinal lines. Write the figures of each period
regularly in the highest part of each of these interstices, in the several
corresponding steps, and immediately under the line which constitutes
the upper boundary of the Pulpit. Produce these longitudinal lines as
far as convenient. Then divide the whole figure thus constituted by cross
lines into as many divisions, nearly equal, as there are units in the Index
of the Root to be extracted.

(38.) That is in the present case, make a Pulpit Diagram of 6 steps,
divide the highest and left hand step by longitudinal lines into 3 intersti-
tial spaces, in which write the 3 figures of the first period, as in Par. 31).
Then divide each lower step into 6 interstitial spaces, in which write the
figures of their corresponding periods. Divide the whole figure by cross
lines into 6 divisions of nearly equal length. For distinction I have, in the
example, made the cross lines, which are the boundaries of these divi-
sions, double. Cgll the lowest of these divisions the Rank of the Latus,
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or first Rank ; the next upper division the Rank of the Square ; the next

the Rank of the Cube ; the next the Rank of the Biquadrate ; the next the
Rank of the Quadratus Cubi ; and the next, which constitutes the Pulpit
Diagram, call the Rank of the Number. This I have divided from the
other Ranks by a triple cross line. Again, in reverse order, call the Rank
of the Quadratus Cubi, also the last Rank or second Rank of the Num-
ber; and call the Rank of the Biquadrate, also the second last ‘Rank or
third Rank of the N umber; and call the Rank of the Cube, also the third
last Rank or fourth Rank of the Number; and call the Rank of the
Square, also the fourth last Rank or fifth Rank of the Number ;

Before proceeding farther, two phrases are yet to be explained.

(39.) When, in this operation, one number is said to be written oppo-
site to another, it is hereby meant, that whatever be the distance between
these two numbers, yet with respect to the interstices formed by the
whole length of the longitudinal lines, the units of the one number are
written in the same interstice as the units of the other, the tens of the
one number in the same interstice as the tens of the other, the hundreds
of the one number in the same interstice as the hundreds of the other, and
80 on; all the higher corresponding degrees of the two numbers being
respectively in the same interstice.

Thus in the Rank of the Biquadrate, at the letter of reference ¥/, the
number 986,144,576 is written opposite the number 18,535,91 1,758,593,
which is at the letter i in the Rank of the number or Pulpit Diagram,
for 6, the units of the first number is written in the same interstice of the
longitudinal lines as 3, the units of the second ; and the tens of both num-
bers, viz. 7 and 9, are in the same interstice to the left of the units, and
the hundreds of both numbers, viz. 5, and 9, are in the same interstice to
the left of the tens, and so of the thousands 4 and 8, &ec.

*-
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(40). 'When a number is said to be transferred any number of places
to the right hand, it is hereby meant that a copy of this number should
. be made immediately above itself with this condition, that counting from
the units of the number said to be transferred as many interstices to the
right hand as the number of places which it is said to be transferred, the
units of the transferred number are to be written in the last or most right
hand of these interstices, and the tens of the transferred number are to be
written in the interstice immediately to the left hand of that last, and the
hundreds in the interstice next to the left of the tens, and the thousands
in the interstice next to that, and so on through all the degrees, so that
each degree of the number in question should be copied as many interstices
to the right hand, as the number of places which it is said to be transferred.

Thus in the Rank of the Quadratus Cubi at the letters ¢ and u, the num-
ber 192 is transferred one place to the right hand, for the unit 2 is copied
above it one interstice to the right hand of the original 2, the tens 9 is
copied one interstice to the right hand of the original 9, and so of 1.

And in the Rank of the Biquadrate at the letter A and # the number
4,197,615 is transferred 2 places to the right hand, for the unit 5 is copied
above it two interstices to the right hand of the original 5, the tens 1 is
copied two interstices to the right hand of the original 1, the hundreds
6 is copied two interstices to the right of the original 6, and so of 7, 9,

1, and 4.

And in the Rank of the Cube at the letter ¢ and # the number
256,258,080 is for similar reasons said to be transferred 3 places to the
right hand, and so in the Rank of the Square at the letter w” and v
821,340 is transferred 4 places, and in the Rank of the Latus at the
letter #*" and ¢ 140,736 is transferred 5 places to the right hand.

Y
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(41.) 1 now proceed with the Arabian Rule.
Seek the greatest number with the following conditions—

1. 'That if it be written at the bottom of the Rank of the Latus, that
is completely at the bottom of the whole figure and opposite the first
period, that is in the same interstice as 6 the units of 166 Par. 38.)

2. And if it be multiplied into itself, and the product written in the
Rank of the Square again opposite the first period..

3. And if it be again multiplied in this product, and the second pro-
duct written in the Rank of Cube again opposite the first period.

4. Andifit be again multiplied into this second product, and the
third product written in the Rank of the Biquadrate again opposite the
first period.

5. Andifit be again multiplied into this third product, and the
fourth product written in the Rank of the Quadratus Cubi again opposite
the first period. :

6. And if it be again multiplied into this fourth product that the
fifth product be not greater than the first period of the given number.

Then 2 will be found the number answering these conditions, for
@ Write 2 in the bottom of the Rank of the Latus, as by Art. 1.)

b. Multiply this 2 into itself, and write the product 4 in the Rank of
the Square, as by Art, 2.)
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. Multiply the 2 again into this 4, and write the product 8 in the
Rank of the Cube, as by Art. 3.)

d. Multiply the 2 again into this 8, and write the product 16 in the
Rank of the Biquadrate, as by Art. 4.)

e. Multiply the 2 again into this 16, and write the product 32 in the
Rank of the Quadratus Cubi, as by Art. 5.)

J. Multiply the 2 again into this 32, and the product is 64, which is
less than 166, as by Art. 6.)

And 2 is the highest number which will answer these conditions.
For let 3 be substituted in these operations and they will successively
become3 x 3 =19, 9 x 3=27,27 X 3= 81,81 X 3 = 243,243 x 3 = 720,
which last product is greater than 166.

- Call this last product 64, which answers the condition, the first
Subtrahend, write it opposite to and immediately under 166, the first
. period.

h. Write the found figure 2 above 6, the units of the first period,
and exterior to and immediately above the Pulpit, or as it may be called
the Anabathroidal Diagram. This is the first figure of the Root.

i. Subtract the first Subtrahend from the first period, and 102 is
the first Remaider.

J. Write 102, the first Remainder, on a line with the figures of the
second period in the next descending right hand step of the Pulpit Dia-
gram, so as to'form the number 102,571,800. 'This is the first Resolvend.
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k. Add 2, the first found figure of the Root, to itself, and write the
sum 4 in the Rank of the Latus opposite to and immediately above the

2 formerly written there by Art. 5). This 4 is now the upper number in
the Rank of the Latus.

I. Multiply 2, the first found figure of the Root, into this 4, and write
the product 8 in the Rank of the Square opposite to and immediately
above the 4 formerly written there by Art. ¢).

m. Add ‘together in the Rank of the Square this 8 and 4, and write
the sum 12 opposite to and immediately above them. This 12 is now the
upper number in the Rank of the Square.

n. Multiply 2, the first found figure of the Root, into this 12, and
write the product 24 in the Rank of the Cube opposite to and immediately
above the 8 formerly written there by Art. d).

p- Add together in the Rank of the Cube this 24 and 8, and write
the sum 32 opposite to and immediately above them. This 32 is now the
upper number in the Rank of the Cube.

q- Multiply 2, the first found figure of the Root, into this 32, and
write the product 64 in the Rank of the Biguadrate opposite to and imme-
diately above the 16, formerly written there by Art. e.)

r. Add together in the Rank of the Biquadrate this 64 and 16, and
write the sum 80 opposite to and immediately above them. This 80 is
now the upper number in the Rank of the Biquadrate.

s. Multiply 2, the first found figure of the Root, into this 80, and
write the product 160 in the Rank of the Quadratus Cubi opposite to and
immediately above the 32 formerly written there by Art. f).
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t. Add together in the Rank of the Quadratus Cubi this 160 and 32,
and write the sum 192 opposite to and immediately above them.

u. Transfer this 192 one place to the righthand. This 192 so trans-
ferred is now the upper number in the Rank of the Quat_lmtuﬁ Cubi.

v. Add 2, the first found figure of the Root to 4, the upper number
in the Rank of the Latus by Art. &, and write the sum 6 opposite to and
immediately above it. This 6 is now the upper number in the Rank of
the Latus.

w. Multiply 2, the first found figure of the Root into this 6, and write
the product 12 in the Rank of the Square opposite to and imme liately
above 12, the upper number in that Rank by Art. m.

z. Add tugether'in the Rank of the Square this 12 and 12, and
write the sum 24 opposite to and immediately above them. This 24 is
now the upper number in the Rank of the Square.

y. Multiply 2, the first found figure of the Root into this 24, and write
the product 48 in the Rank of the Cube opposite to and immediately above
32, the upper number in that Rank by Art. p.

z. Add together in the Rank of the Cube this 48 and 32, and write
the Sum 80 opposite to and immediately above them. This 80is now the

upper number in the Rank of the Cube.

z. Multiply 2, the first found figure of the Root into this 80, and write
the product 160 in the Rank of the Biquadrate opposite to and immediate-

ly above 80, the upper number in that Rank by Art. r.
z
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B. Add together in the Rank of the Biquadrate this 160 and 80, and
write the sum 240 oppesite to and immediately above them.

- Transfer this 240 to theright hand 2 places. This 240 so trans-
ferred is now the upper number in the Rank of the Biquadrate.

d. Add 2, the first found figure of the Root to 6, the upper number in
the Rank of the Latus by Art. v, andwrite the sum 8 opposite to and imme-
diately above it. This 8 is now the upper number in the Rank of the Latus.

& Multiply 2, the first found figure of the Root into this 8, and write

“the product 16 in the Rank of the Square opposite to and immediately

above 24, the upper number in that Rank by Art. z.

¢ Add together in the Rank of the Square this 16 and 24, and write
the sum 40 opposite to and immediately above them. This 40 is now the
upper number in the Rank of the Square.

7. Multiply 2, the first found figure of the Root into this 40, and write
the product 80 in the Rank of the Cube opposite to and immediately
above 80, the upper number in that Rank by Art z.

¢. Add together in the Rank of the Cube this 80 and 80, and write
the sum 160 opposite to and immediately above them.

+. Transfer this 160 to the right hand 3 places. This 160 so trans-
ferred is now the upper number in the Rank of the Cube.

% Add 2, the first found figure ofthe Root to 8, the upper number in
the Rank of the Latus by Art. ¢) and write the sum 10 opposite to and
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immediately above it. - This 10 is now the upper number in the Rank of
the Latus.

A Multiply 2, the first found figure of the Root into this 10, and
write the product 20 in the Rank of the Square opposite to and imme-
diately above 40, the upper number in that Rank.

- Add together in the Rank of the Square this 20 and 40, and write
the sum 60 opposite to and immediately above them.

v.. Transfer this 60 to the right hand 4 places. This 60 so transfer-
red is now the upper number in the Rank of the Square, :

£ Add 2, the first found figure of the Root to 10, the upper number
in the Rank of the Latus Art. xz) and write the sum 12 opposite to and
immediately above the 10.

7. Transfer this 12 to the right hand 5 places. This 12 so transfer-
red is now the upper number in the Rank of the Latus. '

— e e

Then seek the greatest number with the following condition—

1. Thatif this sought number be written in the interstice to the
right hand of 12, the upper number by Art. = in the Rank of the Latus.

2. And this sought number be multiplied into the whole figures now

| uppermost in the Rank of the Latus, and the product written in the Rank

of the Square opposite 571,800, the second period of the given number,

which stands in the Rank of the number or Pulpit Diagram, and imme-
diately above 60, the upper number by Art. » in that Rank.,
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3. And the figures of this product and that upper number be in this
situation added together, and the sum written opposite to and immediately

above the product.

4. And the sought number be multiplied into this sum, and the pro-
duct written in the Rank of the Cube opposite to 571,800, the second period
as before, and immediately above 160, the upper number by Art. ¢ in that
Rank.

5. And the figures of this product and that upijer number be in this
situation added together, and the sum written opposite to and immediately
above the product.

6. And the sought number be multiplied into this sum and the pro-
‘duct written in the Rank of the Biquadrate opposite to 571,800, the second
period as before, and immediately above 240, the upper number by Art. )
in that Rank.

7. And the figures of this product and that upper number be in this

situation added together, and the sum written opposite to and immediately
above the product.

8. And the sought number be multiplied into this sum, and the pro-
duct be written in the Rank of the Quadratus Cubi opposite to 571,800,
the second period as before, and immediately above 192, the upper num-
ber by Art. » in that Rank.

9. And the figures of this product and that upper number be in this

situation added together, and the sum written opposite to and immediately
above the product.
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10. And the sought number be multiplied into this sum, this pro-
duct should not be greater than 102,571,800, the first Resolvend by Art. j.

Then 3 will be found the number answering these conditions. For—

e. Write 3 in the interstice to the right band of 12, the upper num-
ber by Art. =) in the Rank of the Latus, and it becomes 123, and is now
the upper number in that Rank.

g. Maultiply the found 3 into this 123, and write the product 369 in
the Rank of the Square opposite to 571,800, the second period, and imme-
diately above 60, the upper number by Art. ») in thdt Rank.

v. Add the figures in this situation, 369
60

and it becomes 6,369. Write this sum opposite to
and immediately above 369, and this 6,369 is now the upper number in
~ the Rank of the Square.

v. Multiply this found 3 into this 6,369, and write the product 19,107
in the Rank of the Cube opposite to 571,800, the second period, and
immediately above 160, the upper number by Art. s) in that Rank.

Add the figures in this situation, 19,107
160

and it becomes 179,107. Write this sum op-
posite to and immediately above 19,107, and this 179,107 is now the upper
number in the Rank of the Cube.

% Multiply the found 3 into 179,107, and write the product 537,321
in the Rank of the Biquadrate opposite to 571,800, the second period, and

immediately above 240, the upper number by Art, y in that Rank.
Al
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Y. Add the figures in this situation, 537,321
240

and it becomes 2,937,321. Write this sum op-
posite to and immediately above 537,321, and this 2,937,321 is now the
upper number in the Rank of the Biquadrate.

. Multiply this found 3 into this 2,937,321, and write the product
8,811,963 in the Rank of the Quadratus Cubi opposite to 571,800, the

second period, and immediately above 192, the upper number by Art. « in
that Rank.

I. Add the figures in this situation, 8,811,963
192

And it becomes .. 28,011,963. Write this sum opposite
to and immediately above 8,811,963, and this 28,011,963 is now the upper
number in the Rank of the Quadratus Cubi.

«. Multiply this found 3 into this 28,011,963, and the product is
84,035,889, which is less than 102,571,800, the first Resolvend by Art. j.

And 3 is the highest number which will answer these conditions..
Forlet 4 be substituted in these operations, they will successively become—

The number ing ............ 124.  The productin s .. 124 X 4 = 496
496 6,406

G0 4

Thesumin ¢ ... \vevevnnnns 6,496. The product in v ,....... 25,984

25,984 185,984
160 4
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Thesuming ......c..... 185,984.  The productiny ...... 743,936
?43,933_ 3,143,036

240 _ 4

Thestminy ...cvvennn. 3,143,936. The product in & .. 12,575,744
12,575,744 31,775,744

192 4
The sumin| ............. 31,775,744. The product in .. 127,102,976

which last product is greater than 102,571,800.

<. Write the found figure 3, which answers the conditions above 0,
the units of the second period 571,800, and exterior to and immediately
above the Pulpit Diagram. This is the second found figure of the Root

e, Call this last product 84,035,889, which answers the conditions
the second Subtrahend, write it opposite to and immediately under
102,571,800, the first Resolvend.

. Subtract 84,035,889, the second Subtrahend, from 102,571,800,
the first Resolvend, and 18,535,911 is the second Remainder.

J'. Write 18,535,911, the second Remainder, on a line with the figures
of the third Period in the next descending right hand step of the Pulpit
Diagram, so as to form the number 18,535,011,758,593. This is the
second Resolvend.

. Add 3, the second found figure of the Root, to 123, the upper
number in the Rank of the Latus by Art. ¢), and write the sum 126 in the
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Rank of the Latus, opposite to and immediately above it. This 126 is now
the upper number in the Rank of the Latus.

Z. Multiply 3, the second found figure of the Root, into this 126, and
write the product 378 in the Rank of the Square opposite to and imme-
diately above 6,369, the upper number in that Rank by Art. 7).

m'. Add together in the Rank of the Square this 378 and 6,369, and
write the sum 6,747 opposite to and immediately above them. This 6,747

is now the upper number in the Rank of the Square.

/. Multiply 3, the second found figure of the Root, into this 6,747,
and write the product 20,241 in the Rank of the Cube opposite to and
immediately above 179,107, the upper number in the Rank by Art. ¢.

#. Add together in the Rank of the Cube this 20,241 and 179,107,
and write the sum 199,348 opposite to and immediately above them. This
199,348 is now the upper number in the Rank of the Cube.

¢’ Multiply 3, thesecond found figure of the Root, into this 199,348,
and write the product 598,044 in the Rank of the Biquadrate opposite to
and immediately above 2,937,321, the upper number in that Rank
by Art. .

. Add together in the Rank of the Biquadrate this 598,044 and
2,937,321, and write the sum 3,535,365 opposite to and immediately above
them. This 3,535,365 is now the upper number in the Rank of the
Biquadrate.

#. Multiply 3, the second found figure of the Root into this 3,535,365,
and write the product 10,606,095 in the Rank of the Quadratus Cubi,
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opposite to and immediately above 28,011,963, the upper number in that
Rank by Art. |.

L]

¢. Add together in the Rank of the Quadratus Cubi this 10,606,095
and 28,011,963, and write the sum 38,618,058 opposite to and immediately

above them. ¢

w'. Transfer this 38,618,058 to the right hand one place. And this
38,618,058 so transferred, is now the upper number in the Rank of the
Quadratus Cubi.

v'. Add 3, the second found figure of the Root, to 126, the upper
number in the row of the Latus by Art. &/, and write the sum 129 opposite
to and immediately above it. This 129 is now the upper number in the
Rank of the Latus.

w’. Multiply 3, the second found figure of the Root, into this 129,
and write the product 387 in the Rank of the Square op posite to and im-
mediately above 6,747, the upper number in that Rank by Art. w/.

a’.. Add together in the Rank of the Square this 387 and 6,747, and
write the sum 7,134 opposite to and immediately above them. This 7,134
is now the upper number in the Rank of the Square. )

. Multiply 3, the second found figure of the Root, into 7,134, and
write the product 21,402 in the Rank of the Cube opposite to immediately
above 199,348, the upper number in that Rank by Art. p/.

2'. Add together in the Rank of the Cube this 21,402 and 199,348,
and write the sum 220,750 opposite to and immediately above them.
This 220,750 is now the upper number in the Rank of the Cube.

|
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a’. Multiply 3, the second found figure of the Root, into this 220,750,
and write the product 662,250 in the Rank of the Biquadrate opposite to
and immediately above 3,535,365, the upper number in that Rank by
Art. v,

B. Add together in the Rank of the fiiqnadrate this 662,250 and
3,635,365, and write the sum 4,197,615 opposite to and immediately above
them.

7. Transfer this 4,197,615 to the right hand two places. This 4,197,615
so transferred, is now the upper number in the Rank of the Biquadrate.

© @. Add 3, the second found figure of the Root, to 129, the upper num-
ber in the Rank of the Latus by Art. »/, and write the sum 132 opposite
to and immediately above it. This 132 is now the upper number in the
Rank of the Latus.

€. Multiply 3, the second found figure of the Root, into this 132, and
write the product 396 in the Rank of the Square opposite to and imme-
diately above 7,134, the upper number in that Rank by Art. 2.

¢. Add together in the Rank of the Square this 396 and 7,134, and
write the sum 7,530 opposite to and immediately above them. Thijs
7,530 is now the upper number in the Rank of the Square,

#. Multiply 3, the second found figure of the Root, into this 7,530, and
write the produet 22,590 in the Rank of the Cube opposite to and imme-
diately above 220,750, the upper number in that Rank by Art. 2’.
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¢. Add together in the Rank of the Cube this 22,5900 and 220,750,
and write the sum 243,340 opposite to and immediately above them.

/. Transfer this 243,340 to the right hand three places. This 243,340
so transferred, is now the upper number in the Rank of the Cube.

#'. Add 3, the second found figure of the Root, to 132, the upper num-
ber in the Rauk of the Latus by Art. #,) and write the sum 135 opposite
to and immediately above it. This 135 is now the upper number in the

Rank of the Latus. p

. Multiply 3, the second found figure of the Root, into this 135, and
write the product 405 in the Rank of the Square opposite to and imme-
diately above 7,530, the upper number in that Rank by Art. ¢.)

#'. Add together in the Rank of the Square this 405 and 7,530, and
write the sum 7,935 opposite to and immediately above them.

V. Transfer this 7,935 to the right hand four places. This 7,935 so
transferred, is now the upper number in the Rank of the Square.

g. Add 3, the second found figure of the Root, to 135, the upper num-
berin the Rank of the Latus by Art. #/,) and write the sum 138 opposite to
and immediately above the 135.

¢ Transfer this 138 to the right hand five places. This 138 so trans.
ferred, is now the upper number in the the Rank of the Latus.

Then seek the greatest number with the following conditions—

V. Thatif this sought number be written in the interstice to the right
hand of 138, the upper number by Art. ¢ in the Rauk of the Latus.
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o, And the sought samber be multiplied into the whole figures now
_ gppermost in the Rank of the Latus, and the product written in the Rank
of the Square opposite 758,503, the third period of the given number,
which stands in the Rank of the number, or Pulpit Diagram, and imme-
diately above 7,935, the upper number by Art. / in that Rank.

4. And the figures of this product, and that upper number be in
this situation added together, and the sum written opposite 10 and imme-
diately above the product.

i, And the sought number be multiplied into this sum, and the pro-
duct written in the Rank of the Cube opposite to 758,593, the third period
as before and immediately above 943,340, the upper number by Art. {in
that Rank.

5. And the figures of this product, and that upper number be in this
situation added together, and the sum written opposite to and immediately
above the product.

. And thesought number be multiplied into this sum, and the pro-
duct written in the Rank of the Biguadrate opposite to 758,503, the third
period as before and immediately above 4,197,615, the upper number by
Art. #/,) in that Rank.

L

-, And the figures of this product, and that number be in this situa-

tion added together, and the sum written opposite to and immediately
above the product.

&. And the sought number be multiplied into this sum, and the
product written in the Rank of the Quadratus Cubi opposite to 758,503,

the third period as before and immediately above 38,618,058, the upper
number by Art. «,) in that Rank.
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9. And the figures of the product, and that upper number be in this
situation added together, and the sum written opposite to and immediately
above the product.

10/.  And the sought number be multiplied into this sum, the prn&uct

_ should not be greater than 18,535,011,758,593, the second Resolvend by
Art. j'.

Then 4 will be found the number answering these conditions, for—

¢. Write 4 in the interstice to the right hand of 138, the upper
number by Art. #/) in the Rank of the Latus, and it becomes 1,384, and is
now the upper number in that Rank.

«’.  Multiply the found 4 into this 1,384, and write the product 5,536
in the Rank of the Square opposite to 758,593, the third period, and
immediately above 7,935, the upper number by Art. v in that Rank.

#. Add the figures in this situation, 5,536
7935

—_

And it becomes . ... 799,036. Write this sum opposite
to and immediately above 35,536, and this 799,036 is now the upper number
in the Rank of the Square.

. Multiply this found 4 into this 799,036, and write the product
3,196,144 in the Rank of the Cube, opposite to 758,593, the third period,
and immediately above 243,340, the upper number by Art, / in that Rank.

¢’. Add the figures in this situation, 3,196,144
243,340

: And it becomes ... 246,536,144, . Write this sum
opposite to and immediately above 3,196,144, and this 246,536,144 is now

the upper number in the Rank of the Cube.
c 1

L
-
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#'. Multiply this found 4 into this 246,536,144, and write the pro-
duct 986,144,576 in the Rank of the Biquadrate, opposite to 758,593, the
- third period, nnd"immeﬂiately above 4,197,615, the upper number by Art. o/
in the Rank of the Biquadrate.

-

¥/, Add'the figures in this situation, 986,144,576
41,976,15

And it becomes .. 42,962,204,576. Write this sum
opposite to and immediately above 986,144,576, and this 42,962,204,576 is
now the upper number in the Rank of the Biquadrate.

/. Multiply this found 4 into this 42,962,294,576, and write the pro-
duct 171,849,178,304 in the Rank of the Quadratus Cubi, opposite to
758,503, the third period, and immediately above 38,618,058, the upper
number by Art. « in that Rank.

V. Add the figures in this situation, 171,849,178,304
3,861,805,8

And it becomes .. 4,033,654,978,304. Write thissum
opposite to 758,593, the third period, and immediately above 171,849, {Tﬁ,ﬂﬂ4,
and this 4,033,654,078,304 is now the upper number in the Rank of the
Quadratus Cubi.

. Multiply this found 4 into this 4,033,654,078,304, and the pro-
duct is 16,134,619,913,216, which is less than 18,535,911,758,593, the second
Resolvend by Art. 5.

And 4 is the highest number which will answer these conditions.

For let 5 be substituted in these operations, and they will be-.
come—
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The numbering .......... 1,385. The productine .. 1,385 X 5 = 6,925
6,925 800,425

798,5 \ 5

The sum in 7 .......... 800,425. The productin ¢ ....".... 4,002,125
4,002,125 247,342,125

243,340 5

The sum in ¢ ...... 247,342,125. The product iny’ . ... 1,236,710,625
1,236,710,625 43,212,860,625

41,976,15 5

The sum in «/ .... 43,212,860,625. The product in o« .. 216,064,303,125

216,064,303,125 4,077,870,103,125
3,861,805,8 5

Thesumin \ .. 4,077,870,103,125. The productin <. .20,389,350,515,625

which last product is greater than 18,535,911,758,593.

«’. Write the found figure 4, which answers the conditions above
4, the units of the third period 758,593, and exterior to and immediately
above the Pulpit Diagram. This is the third found figure of the Root.

«¥. Call this last product 16,134,619,913,216, which answers the
conditions the third Subtrahend, and write it opposite to and immediately
under 18,535,911,758,593, the second Resolvend.



102 AN ESSAY ON THE ROOTS OF INTEGERS,

&, « Subtract - 16,184,619,913,216, the third - Subtrahend, from
18,535,911,758,593, the second Resolvend, and 2,401,291,845,377 is the
third Remainder. '

P
And proceed analogously through all the following Periods of the

given number :

Thus—

J’. Write the last Resolvend on a line with the figures of the next
Period in the next descending right hand step of the Pulpit Diagram.
These whole figures are the next Resolvend.

k’.  Add the last found figure of the Root to the upper number in the
Rank of the Latus, and write the sum opposite to and immediatel y above
it. This sum is now the upper number in the Rank of the Latus.

¥. Multiply the last found figure of the Root into this sum, and
write the product in the Rank of the Square opposite to and immediately
above the upper number in that Rank.

m’. Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above
them. This sum is now the upper number in the Rank of the Square.

#’.. Multiply the last found figure of the Root into this sum, and write
the product in the Rank of the Cube opposite to and immediately above
the upper number in that Rank.
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#’- Add together in the Rank of the Cube this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Cube.

¢”. Multiply the last found figure of the Root into this sum and
write the product in the Rank of the Biquadrate opposite to and imme-
diately above the upper number in that Rank.

. Add together in the Rank of the Biquadrate this product and
that upper number, and write the sum opposite to and immediately above
them. This sum is now the upper number in the Rank of the Bigua-

drate.

s’. Multiply the last found figure of the Root into this sum and
write the product in the Rank of the Quadratus Cubi opposite to and
immediately above the upper number in that Rank.

t. Add together in the Rank of the Quadratus Cubi this product
and that upper number, and write the sum opposite to and immediately
above them.

w’. Transfer this last sum to the right hand one place, This sum
so transferred is now the upper number in the Rank of the Quadratus
Cubi.

v". Add the last found figure of the Root to the upper number in
the Rank of the Latus, and -write the sum opposite to and imme-
diately above it. This sum is now the upper number in the Rauk of the

Latus.
D1
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w’. Multiply the last found figure of the Root into this sum, and
write the product in the Rank of the Square opposite to and immediately
above the upper number in that Rank.

#’. Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Square.

y'. Multiply the last found figure of the Root into this sum and
- write the product in the Rank of the Cube opposite to and immediately
above the upper number in that Rank.

2. Add together in the Rank of the Cube this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Cube.

e’.  Multiply the last found figure of the Root into this sum, and write
the product in the Rank of the Biquadrate opposite to and immediately
above the upper number in that Rank.

. Add together in the Rank of the Biquadrate this product and

that upper number, and write the sum opposite to and immediately above
them.

v'. Transfer this last sum to the right hand two places. This sum
so transferred is now the upper number in the Rank of the Biquadrate.

. Add the last found figure of the Root to the upper number in the
Rank of the Latus, and write the sum opposite to and immediately above
it. This sum is now the upper number in the Rank of the Latus.
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. Multiply the last found figure of the Root into this sum and
write the product in the Rank of the Square opposite to and immediately
above the upper number in that Rank.

¢’- Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Square.

#«  Multiply the last found figure of the Root into this sum and write
the product in the Rank of the Cube opposite to and immediately above
the upper number in that Rank.

#. Add together in the Rank of the Cube this product and that
upper number, and write the sum opposite to and immediately above them.

#. Transfer this last sum to the right hand three places. This sum
so transferred is now the upper number in the Rank of the Cube.

. Add the last found figure of the Root to the upper number in the
Rank of the Latus, and write the sum opposite to and immediately above
it. This sum is now the upper number in the Rank of the Latus.

+«'. Multiply the last found figure of the Root into this sum, and
write the product in the Rank of the Square opposite to and immediately
above the upper number in that Rank.

p’. Add together in the Rank of the Square this product and

that upper number, and write the sum opposite to and immediately
above them.
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». Transfer this last sum to the right hand 4 places. This sum so
transferred is now the upper number in the Rank of the Square.

-

. Add the last found figure of the Root to the upper number in
the Rank of the Latus, and write the sum opposite to and immediately
above it.

='. Transfer this sum to the right hand 5 places. This sum so,
trausferred is now the upper number in the Rank of the Latus.

Then seek the greatest number with the following conditions :

¢’ That if this sought number be written in the interstice to the
right hand of the upper number in the Rank of the Latus.

a’.  And this sought number be multiplied into the whole figures now
uppermost in the Rank of the Latus, and the product written in the Rank
of the Square opposite to the next period of the given number, which
stands in the Rank of the number, or Pulpit Diagram, and immediately
above the upper number in the Rank of the Square.

7. And the figures of this product and that upper number be in
this situation added together, and the sum written opposite to and imme-
diately above the product,

r

v’. And the sought number be multiplied into this sum, and the

Product written in the Rank of the Cube opposite to the next period
and immediately above the upper number in that Rank.
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¢’.  And the figures of this product and that upper number be in this
situation added together, and the sum written opposite to and imme-
diately above the product.

. And the sought number be multiplied into this sum, and the
product written in the Rank of the Biquadrate opposite to the next
period and immediately above the upper number in that Rank.

J”. And the figures of this product and that upper number be in
this situation added together, and the sum written opposite to and imme-
diately above the product.

*. And the sought number be multiplied into this sum, and the
product written in the Rank of the Quadratus Cubi opposite to the next
period and immediately above the upper number in that Rank.

\*.  And the figures of this product and that upper number be in this
situation added together, and the sum written opposite to and immediately
above the product.

«’. And the sought number be multiplied into this sum, then the
product shall not be greater than the last Resolvend.

«’. Then write the found number which answers these conditions

above the units of the next period, and exterior to and immediately above
the Pulpit Diagram. This is the next found figure of the Root.

<. Call the last product which answers these conditions the
next Subtrahend, write it opposite to and immediately under the last

Resolvend.
E1
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. Subtract this last found Subtrahend from the last Resolvend,
\ and the result is the next Remainder.

And by this circle of operation there will successively be found—

For the 4th period

»’, The upper number transferred in the Rank of the Quadratus
Cubi = 4,209,500,228,544.

7’ The upper number transferred in the Rank of the Biquadrate
= 44,973,203,040.

¢, The upper number transferred in the Rank of the Cube
= 256,258,080.

¥, The upper number transferred in the Rank of the Square =821,340.
#'. The upper number transferred in the Rank of the Latus = 1,404.
<. The sought number or fourth ﬁgm of the Root = 5.
. The fourth Subtrahend — 2,116,025,521,169,640,625.

", The fourth Remainder = 285,2606,324,208,246,683.

For the 5th period

«"'. 'The upper number transferred in the Rank of the Quadratus
Cubi = 425,4%,612,625,293,7 50,
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o/, The upper number transferred in the Rank of the Biquadrate
= 453,580,139,259,375.

¢/#. The upper number transferred in the Rank of the Cube
= 257,904,272,500.

v". The upper number transferred in the Rank of the Square
= 82,485,375.

#, 'Theuppernumber transferred in the Rank of the Latus = 14,070.
. The sought number or fifth figure of the Root = 6.

. The fifth Subtrahend = 255,443,315,383,323,683,729,850.

=s”  The fifth Remainder = 29,823,008,824,922,999,566,169.

For the 6th and last Period

u'". The upper number transferred in the Rank of the Quadratus
Cubi = 42,601,119,820,029,578,182,656. .

¢". The upper number transferred in the Rank of the Biquadrate
— 4,540,535,451,486,781,440.

/*. The upper number transferred in the Rank of the Cube
=258,102, 288,056,320.

J*. The upper number transferred in the Rank of the Square
= 8,252,759,040.



%

110 ﬁ' * AN ESSAY ON THE ROOTS OF INTEGERS,

#'". The upper number transferred in the Rank of the Latus= 140,736,

«".  The sought number or sixth figure of the Root = 7.

&, The sixth Subtrahend =29,823,008,824,922,999,565,181,681 , 169,

", The sixth and last Remainder = 987,654,321.

Hence then the integral approximate Root of the given number is .
234,567, and the last Remainder 987,654,321 is the Numerator of a Frac-
tion, which is to be added to the integral Root, so as to afford a nearer
approximate to truth. And the Denominator of this Fraction is found
by the following process—

T- Add the last figure of the Root to the upper number in the Rank
of the Latus, and write the sum opposite to and immediately above it.
This sum is now the upper number in the Rank of the Latus.

g: Multiply the last figure of the Root into this sum, and write the

product in the Rank of the Square opposite to and immediately above the
upper number in that Rank.

c: Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Square.

¢ Multiply the last figure of the Root into this sum, and write the

_product in the Rank of the Cube opposite to and immediately above the
upper number in that Rank,
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o. Add together in the Rank of the Cube this produet and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Cube.

3. Multiply the last figure of the Root into this sum, and write the
product in the Rank of the Biquadrate opposite to and immediately
above the upper number in that Rank.

4. Add together in the Rank of the Biquadrate this product and
that upper number, and write the sum opposite to and immediately above
them. This sum is now the upper number in the Rank of the Biquadrate.

3. Multiply the last figure of the Root into this sum, and write the
product in the Rank of the Quadratus Cubi opposite to and immediately

above the upper number in that Rank.

,;__,._ Add together in the Rank of the Quadratus Cubi this product
and that upper number, and write the sum opposite to and immediately
above them. This sum is now the upper number in the Rank of the
Quadratus Cubi.

And these operations are analogous to those from &* to ¢'.

o Add the last fizure of the Root to the upper number in the
Rank of the Latus, and write the sum opposite to and immediately above
it. This sum is now the upper number in the Rank of the Latus.

o Multiply the last figure of the Root into this sum, and write the
product in the Rank of the Square opposite to and immediately above

the upper number in that Rank.
A |
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o#- Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Square.

b. DMultiply the last figure of the Root into this sum, and write the
product in the Rank of the Cube opposite to and immediately above the
upper number in that Rank.

k. Add together in the Rank of the Cube this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Cube.

€& Multiply the last figure of the Root into this sum, and write the
product in the Rank of the Biquadrate opposite to and immediately above
the upper number in that Rank.

& Add together in the Rauk of the Biquadrate this product and
that upper number, and write the sum opposite to and immediately above
them. This sum is now the uppernumber in the Rank of the Biquadrate.

And these operations are analogous to those from »” to g".

«5. Add the last figure of the Root to the upper number in the
Rank of the Latus, and write the sum opposite to and immediately above
it. This sum is now the upper number in the Rank of the Latus.

J-  Multiply the last figure of the Root into this sum, and write the

product in the Rank of the Square opposite to and immediately above
the upper number in that Rank.

--.'_:{
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5. Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Square.

" Multiply the last figure of the Root into the sum, and write the
product in the Rank of the Cube opposite to and immediately above the
upper number in that Rank.

J. Add together in the Rank of the Cube this product and that
upper number, and write the sum nppt;site to and immediately above
them. This sum is now the upper number in the Rank of the Cube.

And these operations are analogous to those from i tod.

s Add the last figure of the Root to the upper number in the Rank
of the Latus, and write the sum opposite to and immediately above it.
This sum is now the upper number in the Rank of the Latus.

o Multiply the last figure of the Rank into this sum, and write the
product in the Rank of the Square opposite to and immediately above the
upper number in that Rank.

,. Add together in the Rank of the Square this product and that
upper number, and write the sum opposite to and immediately above them.
This sum is now the upper number in the Rank of the Square.

And these operations are analogous to those from =" to p".

5. Add the last figure of the Root to the upper number in the Rank
of the Latus, and write the sum opposite to and immediately above it.
This sum is now the upper number in the Rank of the Latus.
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And this operation is analogous to that of £”.

s Then add together the upper numbers in each Rank as found
by Arts.. ~¢ Js» and an additional Unit. The sum of all these will
be the Denominator of the Fraction, to be added to the integral Root as
required.

And performing these operations in this example with the last figure
of the Root 7, the Result will be as follows :

The upper number in the Rank of the
4,260,747,694,908,334,607,381,985,642. Quadratus Cubi.
45,410,774,905,552,940,176,815. Biquadrate,
258,125,396,471,245,260. Cube.
825,325,162,335. Square.
1,407,402, Latus.
1. The additional Unit.

——

4,260,793,105,941,3066,362,119,977,455. The sum or Denominator.

—— — - e

L]
Hence, then, finally, the approximate 6th Root of the given number.
166,571,800,758,593,887,308,2906,025,335,490
is the mixed number.

987,654,321
834,567 ——ais = s

4,260,793,105,941,366,382,119,977 455

And this concludes the operation according to the Arabian method.

(42). 1 now proceed to show the conformity of the above operation

with the demonstration of Par. 11). et seq. and for this purpose must
premise the following Lemmas.
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Lemma 7. If two rows of figures be written mutually parallel, but
so that the units of the first row be opposite the 2™ place of the second,
the tens of the first opposite to place n 4 1 of the second, the hundreds of
the first opposite to place n 4 2 of the second, &c.and the rows be in this
situation added by the common Rule of Addition, this is equivalent fo

the first row having added (the second row) X (10*™).

Thus if there be written for the first row, 56,789.
for the second row, 123.
58,019.

Then since 3, the units place of 123 is written opposite the tens or
2d place of 56,789, and since 2— 1 = 1, so this is equivalent to 56,789 4
123 % 10" = 56, 789 4+ 1,230.

Similarly if there be written 56,789.
123.

G9,089.
L]
Then since the 3 is here written opposite the hundreds, or 3d place
of 56,789, and since 3 — 1 — 2, so this is equivalent to 56,789 4 123 X

10° = 56,789 4 12,300,

Similarly if there be written 56,789.
123.

' 179,789

This is equivalent to 56,789 + 123,000.

G 1
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No demonstration is required here.

43.) The division of the given number into periods written in the
Pulpit Diagram, by Par. 37 and 38), is evidently the same as in the
European Rule, Par. 32) and is therefore explained in Par. 34). Then

Since 166 the first period = A so as in Par. 34 Art. b.) its nearest
approximate 6th Root which is 2, 1s = a.

a. Then 2 = ais the number written in the Rank of the Latus.

b. Then2 X 2 =4 —a X a — @ is the number written in the
Rank of the Square.

¢. Thend X 2 =8 =a* X a = & is the number written in the
Rank of the Cube.

d. Then 8 X 2 = 16 = a* X a = a*is the number written in the
Rank of the Biquadrate.

e. Then 16 X 2 = 32 — a* X a = a° is the number written in the
Rank of the Quadratus Cubi.

S. Then 32 X 2 = 64 = a® X a = a° is the number written in the
Rank of the Number or Pulpit Diagram, and is the first subtrahend,
agreeing with the first subtrahend of the European method, Par. 34 Art. ¢.)

g+ h.i. Then 166 — 64 = 102 = A — «° and is the first Remainder
which agrees with the first Remainder of the European method, Par. 34
Art. d) and is therefore = R. (Par. 18.)

J- Since by Par. 34 Art. e.) 102,571,800 — R¢® + B, hence the first
Resolvend of the European and Arabian methods agree.
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k. Then by Art. a.) since 2 = as02 $+2=4=a+ a= 2a, and
is the upper number in the Rank of the Latus.

I. Then4 X 2 =8 =2a X a = 24, and is the product written in
the Rank of the Square.

m. By Art.b.)sinced —a*s08 +4 =12=2a"4 a* = 3 a*, and
is the upper number in the Rank of the Square.

n. Then 12 X 2 = 24 = 3a* X a = 34, and is the product written

in the Rank of the Cube.

p. By Art.c.) since 8 = a’s024 4+ 8=32=3a 4+ @ = 44, and
is the upper number in the Rank of the Cube.

g. Then 32 X 2 = 64 = 44’ X a = 4 a*, and is the product written
in the Rank of the Biquadrate.

r. By Art. d.)since 16 = a*s0 64 4 16 = 80 = 4 a* 4 a* = 5 4%,
and is the upper number in the Rank of the Biquadrate.

s. Then 80 X 2 = 160 = 5a* X a = 5 a’, and is the product writ-
ten in the Rank of the Quadratus Cubi.

t. By Arte.)since 32 =a*s0 160 4 32 = 192 = 5d° + @’ = 6,
and is the sum written in the Rank of the Quadratus Cubi.

u. By the transference of 192, its units are put under the 6th place
of the second period, and hence 6 «® thus transferred, is the upper num-
ber in the Rank of the Quadratus Cubi.

v. Then by Art. k.)sinced = 2as02 +4=6=a+2a=3gq
and is the upper number in the Rank of the Latus,
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w. Then6 X 2=12=3a X a=3a and is the product written
in the Rank of the Square.

|
@. - By Art. m.) since 12 = 3 a* so 12412=24=3a" +3a*=6a’,
and is the upper number in the Rank of the Square.

Y- Then24 X 2 =48 = 6a* X a — @ a’, and is the product written
in the Rank of the Cube.

2. By Art. p.) since 32 = 4 4* s 48 +32=80=6a’4+4a’= 10 &,
and is the upper number in the Rank of the Cube.

«. Then 80 % 2 = 160 — lﬂ.a’ X @ = 10 «*, and is the product writ-
ten in the Rank of the Biquadrate.

B. By Art. r.) since 80 =3a's0160 + 80 = 240 — 10 o + Sat =
15 &, and is the sum written in the Rank of the Biquadrate.

7- By the transference of 240, jts units are put under the 5h place
of the second period, and hence 15 a* thus transferred, is the upper number
in Rank of the Biquadrate.

d. Then by Art. v.) since 6 = 3 as0 2 b e Y = 4a,
and is the upper number in the Rank of the Latus.

# Then8 x 2 = 16 = 44 X @ = 4 &, and is the product written jp
the Rank of the Square.

{. By Art. 2.) since 24 — 6 a*so 16 +U=0=6a 444 =10 a*,
and is the upper number in the Rank of the Square.

7 Then40 X 2 =80 = 104* x & = 10a’ and is the product writ-
ten in the Rank of the Cube,

3!
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d. By Art. z.) since 80 = 10 a’so0 80 + 80 = 160 = 10 a* + 10 &
= 20 % and is the sum written in the Rank of the Cube.

i. By the transference of 160, its units are put under the 4th place of
the second period, and hence 20 ¢* thus transferred, is the upper number
in the Rank of the Cube.

z. Thenby Art.d.)since 8 = 44502 + 8 =10=a+4a=5aq,
and is the upper number in the Rank of the Latus.

h. Then 10 X 2 =20 = 5a X a = 54, and is the product written
in the Rank of the Square.

w. By Art. Z.)since 40 = 1045020 + 40 = 60 = 5a* 4- 104* = 15 a,
and is the sum written in the Rank of the Square.

v. By the transference of 60, its units are put under the 3d place of
the second period, and hence 15 ¢* thus transferred, is the upper number
in the Rank of the Square.

¢ Then by Art. %) since 10 =54502 4 10 = 12 = a 4 5a — 6a,
and is the sum written in the Rank of the Latus.

=. By the transference of 12, its units are put under the second place
of the second period, and hence 6 a thus transferred, is the upper number
in the Rank of the Latus.

1. Then if there be a Digit annexed to the right hand of the upper
number in the Rank of the Latus, since by Art. #) this upper number
H 1
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— 6 a, sb with the annexed Digit the whole figures will, by Lem. 6, become
= 6 a ¢ + that Digit.

9. Then if that Digit be multiplied into these figures, the product
will become 6 @ ¢ % that Digit 4 that Digit|* Then if this product be
written in the Rank of the Square opposite to the second period, then
since by the transference of Art. ». the units of the upper number in the
Rank of the Square, are put under the 3d place of the second period, so
they are also put under the third place of this product.

3. Then if this product and that upper number be in this situation
added together since by Art. ») that upper number = 15 a*, so by Lem. 7,

the sum — 6a ¢ X that Digit 4 that Digit[* 4+ 15¢" X ¢* = 15a’¢” +
6 ap % that Digit 4 that Digit|*. )

4. Then if that Digit be multiplied into this sum, the product will
become 15 a* ¢* % that Digit + 6a ¢ X that Digit|* + that Digit>. Then
if this product be written in the Rank of the Cube, opposite to the second

period, then since by the transference of Art. s, the units of the upper
number in the Rank of the Cube, are put under the 4th place of the second
period, so they are also put under the 4th place of this product.

5. Then if this product and that upper number be in this situation
added together since by Art. «, that upper number = 20 a”so by Lem. 7, the

sum = 15 a* ¢* X that Digit 4 6 a p X that Digit | 4 that Iligit |* 4204
X ¢ =204 ¢* + 154 ¢* % that Digit 4 6 a ¢ % that Digit]* 4 that Digit]?

6. Then if that Digit be multiplied into this sum, the product will be-
come 20 & ¢* X that Digit+ 15 a* ¢*. X that Digit|" + 6a¢ x that Digit’
+ that Digit.|* Then if this product be written in the Rank of the
Biquadrate, opposite to the second Period, then since by the transference
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of Art. y, the units of the upper number in the Rank of the Biguadrate,
are put under the 5th place of the second period, so they are also put
under the 5th place of this product.

7. Thenif this product and that upper number be in this sitnation ad-
ded together since by Art. y) that upper number = 15 a* so by Lem. 7, the
sum = 20 @’ ¢* X that Digit 4+ 15 a*¢* X that Digit|* 4 6 ¢ X thatDigit|?
+ that Digit|* 4 15a* X ¢* = 15a%¢* 4 20 a’ ¢* X thatDigit 4 154° ¢*
% that Digit|* 4 6 « ¢ x that Digit|* 4 that Digit | *. '

8. Thenif that Digit be multiplied into this sum, the product will be-
come 15a* ¢* X thatDigit 4 204’ ¢’ X that Digit]® + 15 a*¢* X that Digit | *
+6ag x that Digit|* 4 that Digit|*. Then if this product be writtenin
the Rank of the Quadratus Cubi, opposite to the second period, then since
by the transference of Art. u, the units of the upper number in the Rank
of the Quadratus Cubi are put under the 6th place of the second period,
so they are also put under the Gth place of this product.

9. Then if this product and that upper number be in this situation
added together since by Art. «) that upper number = 6 4%, so by Lem. 7,
the sum = 15 a* ¢* X that Digit 4 20 @’ ¢* X that Digit]* + 15 «* ¢
« That Digil]* + 6a¢ X HAtDIgil* + TarDigii’ 46 ° X g8 = 645 o
+15a* ¢* X that Digit + 20 «* ¢° X that Digu|® + 15 a® ¢°. xm%}_ql
+ 6 a ¢ X that Digit}* + that Digiy %

10. Thenifthat Digit be multiplied into thissum, the product will be-
come 6a’¢® X that Digit + 15a* ¢* x that Digit [* 4 204’ ¢* % tm’
+ 156 ¢* X that Digit|* + 6ap x that Digit|® 4 that Digit |°, which is
required to be not greater thanR ¢" 4+ B by Art.j). Now this is evidently
the same as the expression of Par. 20). 6 a5 ¢* b 4+ 15 a* ¢* I* + 20 @ g’ &
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+ 15a° ¢° ¥ + 6apb® 4 I having that Digit substituted for 5. And
since 6a®* ¢* b+ 15 a* ¢* IF 4 20 @ ¢t +15a ¢ b 4 6ap b 4 I°, must
also be not greater than R ¢° 4+ B, and since this 5 must be a Digit so it
is evident that the present operation from Art. 1 to 10) is equivalent to
seeking the & of Par. 20). and since 3 by Art. ¢ et seq.) is the found Digit,
so 3 also expounds the b of Par. 20) and then—

2. Since by Art. #) 12 = 6 «, and since 3 contains one figure, so
123 = 6a ¢ + b by Lem. 6,) and is the upper number in the Rank of
the Latus.

o. Then 123 X 3 = 369 = (6ap + b)) X b = Gagh + ¥, and is
the product written in the Rank of the Square.

#. Then since by Art.y) 60 = 15 a*, with its units put under the
3d place of 369, so by Lem. 7,) their sum in this situation = 369 4 60 X 10°
— 369 4 6,000 =6,369 = (Bagh+ ) +15a¢ =15a ¢ + 6apb + F°,
and is the upper number in the Rank of the Square.

v. Then6,369 X 3 =19,107 = (15a*¢* 4 Gag 4+ V) X b = 15a¢* b
4+ 6agl’ 4 I, and is the product written in the Rank of the Cube.

¢. Then since by Art. 1) 160 = 20 ', with its units put under the
4th place of 19,107, so by Lem. 7,) their sum in this situation = 19,107
+ 160 X 10° = 19,107 4 160,000 = 179,107 = (15¢* ¢°b + G a p b* 4 )
+2a XpgP=20d¢+16a¢b 4+ 6apl' 4 5, and is the upper
number in the Rank of the Cube.

% Then 179,107 X 3 = 537,321 = (200’ ¢* 4 15a°¢*b+6 a p ¥* + )
Ab=20a¢ b+ 15 ¢V + 6apt® 4 V', and is the product written
in the Rank of the Biquadrate.
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. 'Then since by Art. ) 240 = 15 o', with its unit put under the
5th place of 507,321 so by Lem. 7,) their sum in this situation = 537,321
+ 240 X 10° = 537,321 + 2,400,000 = 2,937,321 = (20 @ ¢* b + 15a* ¢* b*
b 6aph+b) +15a X' =15a'¢* +20a ¢’ b + 15a° ¢ b* +6Gaph’
+ ¥, and is the upper number in the Rank of the Biquadrate.

. Then 2,937,321 x 3 = 8,811,963 = (15a*¢* + 204 ¢* b + 154 ¢* I*
+ GaphlP +0) X b=15a'¢'b + 20V + 15a°¢* ' + G ap V'
+ &%, and is the product written in the Rank of the Biquadrate.

|. Then since by Art. u). 192 = 6 «*, with its units put under the 6th
place of 8,811,963, so by Lem.7), their sum in this situation = 8,811,963
+ 192 x 10°= 8,811,963 4 19,200,000 = 28,011,963 =(15a'¢' b 420 a’¢* b*
415a' ¢V +6aph+¥) +6a Xg°=6a’ ¢+ 15a'e* b 4 204 ¢ b®
+15ar 2 +6aph* + ¥

. Then 28,011,963 X 3 — 84,035,880 = (6 @® ¢* + 15 a* ¢* b
+20a¢ b +15a* p* B + 6aph* +b5) X b =a*¢5b + 15a* p* b
+20a¢* P +15a¢g** 4 Gapd® + 05, and is less than 102,571,800,
or R ¢° + B by Art. j.

«~ Then since 3 is the greatest number which answers this condi-
tion, so 3 is the second figure of the Root, and agrees with the second
figure of the Root found by the European method in Par. 34, Art. ¥).

e And 84,035,889 expounds the second Subtrahend, which agrees
with the second Subtrahend found by the European method in Par. 34,
Art. ¢.

]

< And since by Art. j) 102,571,800 = R ¢° + B, so 102,571,800 —
84,035,880 = 18,635,911 = R¢* - B — (6a’ ¢* b 4 15 a* ¢* b* 4 20 a°
11

thotl

L
.

o
s
o
-
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@b f15a g bt +6agl 4 b%) and is the second Remainder, which
therefore agrees with the second Remainder found by the European
method in Par. 34, Art. &, and is therefore = R’ (Par. 21).

j'. Then as in Par. 34 Art. ¢) 18,535,911,758,503 expounds R’ ¢°
4 C, and hence the second Resolvend of the European and Arabian
methods agree.

%. Then by Art. ). Since 123 =6a¢p + 5,503 + 123 = 126 = b
+ (Bap+ b)=6agp + 2 b, and is the upper number in the Rank of the
Latus.

F. Then126 X 3=378 =(6ap 4+ 28) Xb=6agpd + 2 %, and is
the product written in the Rank of the Square.

w'. By Art. 7). Since 6,369 = 15 a°¢* 4 Gag b + b, so 378 + 6,369
=6747T=(6aeb+20) + (15 ¢ +6apb+0*)=15a"¢* + 12 apd
+ %%, and is the upper number in the Rank of the Square.

#. Then 6,747 X 3 =20241 = (15’ 4+ 12ap b 4+ 38°) X b =
15a°¢' b + 12 a ¢ B + 3%, and is the product written in the Rank of the
Cube.

p'. By Art. ¢). Since 179,107 =20’ ¢* + 15a° ¢* b 4+ Ga pb* 4 V7,
50 20,241 4 179,107 = 199,348 = (15 a*¢* b + 12a ¢ b* + 38°) + (204° ¢’
+15a¢gb+6aph +0)=20a"¢ +30a ¢ b+ 18apd’ +4P,
and is the upper number in the Rank of the Cube.

¢. Then199,348 X 3 =598,044 = (20’ ¢’ + 30 ¢* b + 18ap b*
FAM) X b =20 ¢'b + 30a ¢V +18ayp b 4 4 0%, and is the
product written in the Rank of the Biquadrate.
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». By Art. ). Since2,987,321 =15a* ¢* + 20a* p’b 4 15 a° ¢ I°
4+ 6 a o b 4 b% so 598,044 4 2,937,321 = 3,535,365 = (204’2 D +
30 a* ¢t B 4 18apd’ +4b%) + (16a*0* +20a 0" b + 15a° ¢ & +
6aobl +0) =15a*¢* + 4@ p'b +45a" ¢ V' + 24 a0 V' + 504,
and is the upper number in the Rank of the Biquadrate.

_&. 'Then 3,535,365 X 3 = 10,606,095 = (15 a* ¢* + 40 &> ¢’ b + 45
gt bt F2aol 450 xb=15a%p* b + 40 & ¢ V° 4 45a' ¢ V°
4+ 24 ag¢ b* + 5 0% and is the product written in the Rank of the
Quadratus Cubi.

. By Art.1). Since 28,011,963 =6’ ¢* 4 15a*¢* b 4 20 ¢’ I
+ 156 ¢ B+ 6agb* + b5, so 10,606,005 + 28,011,963 = 38,618,058 =
(15a ¢ b+ 40 @B $45a° b +24apb +58°) 4 (6a°¢° + 15
Aob 42000 $ 150 +6apl +0) =6a¢* +30a' b +
60 ¢ ' + 600 b +-30apd +60 =6(a¢* +5a'¢ b + 10 ¢
V4 10a¢b +5a0d +8) =6(ap 4 bf.andsinceag + bis = p
by Par. 21), 50 6 (a ¢ + 5)* = 6 p°, and is the sum written in the Raunk of
the Quadratus Cubi.

w'. By the transference of 38,618,058, its units are put under the 6th
place of the third period, and hence 6 p* thus transferred is the upper
number in the Rank of the Quadratus Cubi.

v. Then by Art. ¥'.) Since 126 = 6ap + 25,503 4 126 = 129 =
b+ (6ap 4 2b) = 6ap + 3 b, and is the upper number in the Rank of
the Latus. ' : '

w. Then 129 X 3 =387 =(6ap +38) Xb=6apb+ 37, and
is the product written in the Rank of the Square.
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a’. Then by Art. m'.) Since 6,747 = 15a*¢* + 12a¢ b 4 3 V%, so
387 4+ 6,747 = 7,134 = (6apd + 38) + (15 a°¢° + 12a2 b 4+ 30 =
15a°¢°+ 18ag b + 6 F, and is the upper number in the Rank of the
Square.

y. Then7,134 X 3 = 21402 = (15 & ¢ + 18 ap b + 6 &)
Xb=15a"¢b + 18apd* 4+ 60, and is the product written in the .
Rank of the Cube.

z'. Then by Art. p'.) Since 199,348 = 204" ¢’ +30a* ¢ b 4+ 18a 0 b*
+ 4 0%, 5021,402 + 199,348 = 220,750 = (15 " ¢* b + 18a ¢ b* + 6 &°)
+ (200" + 30a @b +18apl 448 ) =20a"¢ 445 a*¢* b + 36
a ¢ b* 4+ 10 ¥, and is the upper number in the Rank of the Cube.

«'. Then 220,750 x 3 = 662250 = (20’ ¢* + 45 a* ¢* b + 36 a ¢ b
+100) X b=20a¢b+45a¢F +36ap b 4 10 b, and is the
product written in the Rank of the Biquadrate.

_ @« Then by Art+’) Since 3,535,365 = 15a* ¢* + 40a’ ¢’ b + 45
o0+ 24 a0l 4 50, so (62,250 + 3,535,365 = 4,197,615 = (20 a* ¢ b
+ 450" ¢ B 4+ 30ael + 108) + (15a'¢* + 40 @ ¢ b + 450 ¢° b +
Uaph +51) =15a"¢"+ 60 ¢b 4 90a ¢* 5 4 60ap b + 155
=1B(a*+4@ b+ 60"V f+dapl +0) =15(ap + b ), and
since a ¢ + bis = p by Par. 21, s0 15 (e ¢ + 5)* = 15 p*, and is the sum
written in the Rank of the Biquadrate. :

v'. By the transference of 4,197,615, its units are put under the Hth
place of the third period, and hence 15 p* thus transferred, is the upper
number in the Rank of the Biquadrate.
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#. Thenby Art.v'.)Since 120 =6a¢ 4+ 35,503 + 120= 132 =
+ (6ap+4+38) =6Gap+ 45 and is the upper number in the Rank
of the Latus.

¢. Then 132X 3 =396=(6ap+45) X b=6aph + 4%, and
i the product written in the Rank of the Square.

¢. Thenby Art. ') Since 7,134 = 15a°¢* + 18 ap b 4 6 2%, so 396
+ 7134 = 7530 = (Bapd + 4 V) + (15 ¢ +18apd 4 65 =
15a°¢* 4 24 ap b 4 104, and is the upper number in the Rank of the
Square.

7. Then 7,530 X 3 = 22,500 = (15’ ¢* 4+ 24apd + 105*) x b
= 15a° ¢ b + 24 a ¢ b* + 100, and is the product written in the Rank
of the Cube.

#. Then by Art.z.) Since 220,750 = 20a’¢’ 4 45a’¢*d L 36apd*
+ 10 & 50 22,590 4+ 220,750 = 243,340 = (15a*¢* b +24a ¢ b + 105
+ (200 ¢ 4450 ¢ b +36agp b +105) =204’ ¢* + 60 a*¢*h + 60a p b*
+ 2000 =20(a’0" +3a* ¢ b+ 3apd® 4 ) = 20 (a p + b)’, and since
a@ 4 bis = p by Par. 21). so 20 (e p + §)’ = 20 p’, and is the sum
written in the Rank of the Cube.

/. By the transference of 243,340, its units are put under the 4th place
of the third period, and hence 20 p’, thus transferred, is the upper number
in the Rank of the Cube.

#. Thenby Art.¢'). Since 132 = 6a ¢ 4+ 4bso3 4+ 132 =135=1"5
+(@ap+ 4b)=6agp + 5b, and is the upper number in the Rank of

the Latus.
E 1
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»). Then 135 X 3=405=(6ap 4+ 58 X b=6aeb + 50 and
is the product written in the Rank of the Square.

w/. Then by Art. #.) Since 7,530 = 15a*¢° + 2d ap b + 10 * s0
405 + 7,530 = 7,935 = (6apb + 5% + (16a°¢* +24ap b + 10 ) =
15a* ¢+ 30agh+4+ 1500 =15(a*¢*  +2apb+ 0°) =15 (ap + b), and
since a ¢ 4 bis = p by Par. 21) s0 15 (a ¢ + )= 15 p%, and is the sum
written in the Rank of the Square.

Y. By the transference of 7,935, its units are put under the 3d place

of the third period, and hence 15p°, thus transferred, is the upper number
in the Rank of the Square.

¥. Thenby Art. #.) Since 135 = 6agp + 5bso 3 + 135 = 138 =
Ia-}-_(ﬁnp+5£r}=ﬁap+ﬁﬁ=ﬁ(nga + b), and sincea ¢ 4 bis = p
by Par. 21) so 6 (a ¢ + 4) = 6p, and is the sum written in the Rank of
the Latus.

+. By the transference of 138, its units are under the 2d place of the

third period, and hence 6 p, thus transferred, is the upper number in the
Rank of the Latus.

1’. Then if there be a Digit annexed to the right hand of the upper
number in the Rank of the Latus, since by Art. +) this upper number = 6p
so with the annexed Digit, the whole figures will, by Lem. 6) become —
6 p ¢ + that Digit.

2. Then if that Digit be multiplied into these figures, the product
will become 6p ¢ % that Digit + that Digit|*. Then if this product be writ-
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ten in the Rank of the Square opposite to the third period, then since by
the transference of Art. ¥, the units of the upper number in the Rank of
the Square are put under the 3d place of the third period, so they are
also put under the 3d place of this product.

3. Then if this product, and that upper number be in the situation
added together, since by Art. v) that upper number = 15 p* so by Lem 7).
the sum = 5p¢ X that Digit 4 that Digit® 4 15p* X ¢* = 15p°¢* + 6
pe¢ % that Digit 4 that Digit.|*

4. Then if that Digit be multiplied into this sum, the product will
become 15p* ¢* X that Digit + 6 pp X that Digit]* + that Digit |*. Then if
this product be written in the Rank of the Cube, opposite to the third
period, since by the transference of Art. /, the units of the upper number
" in the Rank of the Cube are put under the 4th place of the third period,
so they are also put under the 4th place of this product.

5. 'Then if this product and that upper number be in this situation
added together, since by Art. #) that upper number = 20 a so by Lem. 7).

the sum —
15 p* ¢* X that Digit + 6p ¢ X that Digit|® + that Digit]* +20p* x ¢’ =
20p°¢* + 15p* ¢* X that Digit 4+ 6 p ¢ x that Digit|* X that Digit |’

Digit be multiplied into this sum the product will
become 20 p° ¢ Digit 4+ 15p° ¢° X that Digit| * 4 6 pg X that Digit|"
+ that Digit|*. Then if this product be written in the Rank of the
Biquadrate opposite the third period, since by the transference of Art. /)
the units of the upper number in the Rank of the Biguadrate are put un-
der the 5th place of the third period, so they are also put under the 5th
place of this product.
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7. Then if this product and that upper number be in this situation
added together, since by Art. 7) that upper number — 15 P *so by Lem. 7)
the sum =

20 p*¢’ X that Digit 4 15" ¢* Xmi' +6po x_tﬁm’ +
that Digit|* + 15 p* X ¢' = 15 p* ¢* 4 209" ¢* X that Digit 4+ 15 p* ¢* %
that Digit|* 4 6pe¢ x that Digit|* + ihat Digit |,

. Then if that Digit be multiplied into this sum, the product will be-
come 15 p*e* X that Digit + 20p* ¢* X that Digit|* 4 15p%¢* X that Digit|* 4
6p¢ X that Digit|* 4 that Digit/’. Then if this product be written inthe
Rank of the Quadratus Cubi, opposite thé third period, since by the
transference of Art. «/, the units of the upper number in the Rank of the
Quadratus Cubi are put under the 6th place of the third period, so they
are also put under the 6th place of this product.

9. Then if this product and that upper number be in this situation
added together, since by Art. o, that upper number — 6 7° s0 by Lem, 7)
the sum = 15 p*¢* X that Digit 4 20 P’ ¢ X thatDigit]® 4 15 p'e® %
m’ + 6p¢ X that Digit|* + that DigitP 4 6p* x ¢* = 6p'e’
15 p* ¢* X that Digit + 20 p* ¢ x hat Digit|" + 15p° ¢* x that Digit[*
+ Gp ¢ X that Digit|* 4 that Digit[s.

10’. Then if that Digit be multiplied into this sum
become 6p°¢" x that Digit + 15p* ¢* x That Digit
+15p%¢" er +6p¢ x_iﬁa_t]r'gn_]’ + that D s which is requir-
ed to be not greater than R/ ¢° 4 C by Art. 5.) Now this is evidently the
Same as the expression of Par. 23.) 6 p* ¢% ¢ +15piete + 20p ¢ 4+
WBp'egie* 4+ Bpocs + o, having that Digit substituted for ¢. And since
6p'e'c 4 15pret +20p7¢ e 4 15 p* ¢* ot +6p ¢’ + ¢ must also
be not greater than R’ ¢5 4 C, and since this ¢ must be a Digit, so it is
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evident that the present operation from Art. 1" to 10'.) is equivalent to seck-
ing the ¢ of Par. 23) and since 4 by Art. ¢. etseq. is the found Digit, so 4
also expounds the ¢ of Par. 23) and then— i

¢. Since by Art. ¥) 138 =6 p, and since 4 contains one figure, so
1384 = 6 p ¢ + ¢ by Lem. 6) and is the upper number in the Rank of the
Latus.

#. Then 1,384 X 4 = 5,536 =(Bpp+c) Xxe=06ppeX ¢*, and is
the product written in the Rauk of the Square.

/. Then since by Art. ). 7,935 = 13 p%, with its units put under
the 3d place of 5,536 so by Lem. 7) their sum in this situation = 5,536
+ 7,935 % 10° = 5,536 + 793,500 = 799,036 = (Gppc+ ¢) + 15p° X ¢
= 15p* ¢ X 6pope + ¢, andis the upper number in the Rank of the
Square.

.. Then 799,036 X 4 = 3,196,144 = (15 p* ¢* X 6peec X ) Xe=
15p°¢ec +6popc + ¢, and is the product written in the Rank of the
Cube.

¢/. Then since by Art. &), 243,340 = 920 p, with its units put under
the 4th place of 3,196,144 so by Lem. 7) their sum in this situation =
3,196,144 4+ 243,340 X 10° — 3.196,144 4 243,340,000 — 240,536,144 =
(150 e+ 6ppc + ) +20p X =20p¢ +15F ¢c+6ppc +
¢, and is the upper number in the Rank of the Cube.

/. Then 246,536,144 X 4 = 986,144,576 = (20 p’ ¢ + 15 P ¢'¢ 3§
6poc +¢) Xe=20p¢c+ 15p° ¢ +6pepc 4 and is the pro-

duct written in the Rank of the Biquadrate.

L 1
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¥. Then since by Art.y) 4,197,615 = 15 p' with its units put
under the 5th place of 986,144,576 so by Lem. 7) their sum in this situa-
tion = 986,144,576 + 4,197,615 X 10* = 086,144,576 + 41,976,150,000 =
42,962,204,576 = (20 p* ¢’ ¢ + 15p' ¢ +6poc +¢) + 15 p* X ¢* =
15p ¢ +20p g’ 4 16 p° ¢t ¢t 6pec + ¢, and is the upper number
in the Rank of the Biquadrate.

«. Then 42,962,204,576 X 4 = 171,849,178,304 — (15p*0* +20p* e
+ B¢ +6poc+¢) X e= 15p'0'c+20p° 0* ¢ + 15 p* ¢ 4
Gpec 4 ¢, and is the product written in the Rank of the Quadratus
Cubi.

V. Then since by Art. ¢) 38,618,058 = 6 P’ with its units put under
the 6th place of 171,849,178,304 so by Lem. 7) their sum in this situation —
171,849,178,304 4 38,618,058 x 10° = 171,849,178,304 + 3,861,805,800,000
= 4053,654,978,304 = (15p* ¢* ¢ + 20p* ¢ ¢* 4 15 pp* &* 4 6p o+
+6pP X pP=6p' e 4 p'ete +20p ¢ ¢t 4+ bpec+bpec + ¢,
and is the upper number in the Rank of the Quadratus Cubi.

<. Then 4,033,654,978,304 % 4 — 16,134,619,913,216 = (6 p’ ¢5 +
15p% ¢ c + 20p° ¢ + 15p ¢ ¢* 4 6p g ot +¢) Xe=6pieic +
1Bptete 4 20p gt 4 Bp p*e* L 6peoe’ 4 ¢ and is less than
18,535,011,758,593, or R’ ¢ + C by Art j.

/. Then since 4 is the gréateat number which answers this cond;.
tion, so 4 is the third figure of the Root, and agrees with the third figure
of the Root found by the European method in Par. 34, Art. )

<. And 16,134,619,913 916 expounds the third Subtrahend, which

agrees with the third Subtrahend found by the European method in
Par. 34, Art. ¢*).
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@/, And since by Art. /) 18,535,911,758,503 = R’ ¢ + C, so
18,535,011,758,593—16,134,619,913,216 = 2,401,291,845,377 = R’ ¢ +
C—(6pf¢ic + 15p*¢tc + 20 p' @ ¢’ + 15p°¢°c* + 6ppc’), andis
the third Remainder, which therefore agrees with the third Remainder
found by the European method in Par. 34, Art. ', and is therefore = R’

Par. 24.

And by the circle of exposition there will successively be found—

For the 4th Period

o, 4,209,500,228,544, the upper number transferred in the Rank of
the Quadratus Cubi = 6 p”.
o', 44,973,203,040, the upper number transferred in the Rank of the
Biquadrate = 15 p".
/. 256,258,080, the upper number transferred in the Rank of the
Cube = 20 p",
/. 821,340, the upper number transferred in the Rank of the Square
—: O i) i
+. 1,404, the upper number transferred in the Rank of the Latus
= 6yp.

. 5, the sought number, or fourth figure of the Root = d.

=, 9,116,025,521,169,640,625, the fourth Subtrahend = 6 p* ¢* d +
15ptetd 4+ 20 d + 15p" ¢ d* + 6p/ pd° + d°.
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&’ 285,266,324,208,246,683, the fourth Remainder — R'™.

For the 5th Period

w.  425,466,612,625,293,750, the upper number transferred in the
Rank of the Quadratus Cubi = 6 ps.

7', 453,589,139,259,375, the upper number transferred in the Rank
of the Biquadrate = 15 p**.

. 257,004,272,500, the upper number transferred in the Rank of the
Cube = 20 p”™.

¥'. 82,485,375, the upper number transferred in the Rank of the
Square = 15 p”.

7. 14,070, the upper number transferred in the Rank of the Latus

&

=6p’.
&% 6, the sought number, or fifth figure of the Root = e.

e 255,443,315,383,523,683,729,856, the fifth Subtrahend = 6 piete
+ Iﬁp""\p“e‘ +20P”F!€J+ ]5F¢:¢_te4 + ﬁPJ;PaJ +£6_

& 29,825,008,824,922,009,566,169, the fifth Remainder — R,

For the 6th Period

w’. 42,601,119,820,029,578,182,656, the upper number transferred in

the Raok of the Quadratus Cubi = ¢ P
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o' 4,5640,535,451,466,781,440, the upper number transferred in the
Rank of the Biquadrate = 15 p/™. :

&, 258,102,288,056,320, the upper number transferred in the Rank of
the Cube = 20 p/”’.

y7. 8,252,759,040, the upper number transferred in the Rank of the

Square = 15 p™.

#". 140,726, the upper number transferred in the Rank of the Latus

= 6p".

<", 7, the sought number, or sixth figure of the Root = f.

T, 29,823,008,824,922 999,565,181,681,169, the sixth Subtrahend,
—_ ﬁpm.sglij‘ £ 15 Prm F‘JM o Eﬂ'ﬁm! ¢l1fﬂ- 415 Pm': ‘p':j'l + ﬁj'i‘m 'F.fj +f‘-

4", 987,654,321, the sixth and last Remainder = R" that is = r of
Par. 28) as in the European method Par. 34).

Then by the Analogous operations of Articles ¢ to o, to find the
Denominator of the Fractional Part of the Root, there will be as follows:

U 4,260,747,604,908,334,607,381,085,642, the upper number trans-
ferred in the Rank of the Quadratus Cubi = 6 p'’, and since by Par. 25)
" — m so this is also = 6 w".

0,774,905,552,940,176,815, the upper number transferred in
Biquadrate = 15 p'"* = 15m* by Par. 25).
M1
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J.  258,125,306,471,245,260, the upper number transferred in the
Rank of the Cube = 20 p""* = 20 m® by Par. 25).

4 825,325,162,335, the upper number transferred in the Rank of the
Square = 15 p'™* = 15 m* by Par. 25).

¥. 1,407,402, the upper number transferred in the Rank of the Latus
= 6 p" = 6m by Par. 25). .

. Hence then the sum with the additional Unit — 4,260,793,105,
941,366,382,119,977,455 = 6 m* + 15m* 4 20 m* + 15 m° + 6m 4 1 =
(m + 1)° —m®, and since by Art. <), 987, 654, 321 — » of Par. 28) and

.
by Par. 34). 234,567 = msom - = the mixed number
(m + 1)° —m®

987,604,321,
234,567

- and is by Par. 28). the approximate
4,260,798,105,941,366,352,119,977,455,

6th Root of the given number M, or 166,57 1,800,758,503,887,308,206,025,
335,490.

(44.) To prove by tentation that this is the Case, would require the
actual involution of the above mixed number, which is- the approximate
Root, to the sixth Power, a task of vast labour, which, after so much cal-
culation, I willingly decline, as it could serve little purpose except the
mere gratification of curiosity, and therefore to illustrate this part of the
subject, 1 shall chuse the following examples in simpler nunfbers, but
which, in all probability, will be thought sufficiently complicated. Besides
their present use, they will afterwards be satisfactory for reference in a
future part of this paper. |




AS PRACTISED BY THE ARABS. -

Then by the method of Par. 28.
—— First. Let there be sought the approximate 6th Root of 65.

Here, since 2° — 64, and which is £ and 3° = 729, which is > 65,80 M
=65,m =2, and (m + 1) —m® = 720 — 64 = 665, and r = M — m’
r

= 65 —64 = 1. And hence the approximate Root, orm 4 ——
(m 4 1)° — m®

2445 Then 2 . i|° =

_—
—_

1 1 1 1 1 1
2 4 625 — 4 158% —— J 2095 — § 159 + 62 + or
665 665* 6657 G665* 665° G655
6 2% 685 4 15 2% 665% 4 20+ 2% 665" 4 15 2° 665* 4 6.2.665 4 1
;A TULA A4 TR e N i e Lk,
665"
equal to

24,969,477,535,800,000 — 62 665°
46,935,1 08,150,000 = 15.2'.665*
47,052,740,000 = 20.2°.665°
26,533,500 = 15.2%.665°
7,980 = 6.2.665
1

665°—86,482,825,840,140,625)25,016,459,723,231,481, (0 4 64 = 64

- G LA 25,016,459,723,281 481
Hence the deficiency in this caseis 65—64— — — —
86,482,825,840,140,625
s
61,466,366,116,909,144
86,482,825,840,140,625

———Second. Let there be sought the approximate 6th Root of 396 ———
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Here M — 396, m is the same as before, and r = 396 — 64 = 332. And
hence the approximate Rootis 2432. Then2Z 137[° =

332 332 8382 832+ 532¢ 33%e
2 62— 4 153 + 20487 —— 4 15°2% + 62 + or
G6a G6a® 6657 Gia* 665* 6639

6-2%-6657382 4 15-2%665%.332% L. 2026657932 - 15-2°-665"-332* - 6-2-665-33 9+ - 5526

644 or
665"

8,280,866,541,885,600,000 = 6:2%665"332
5,173,375,360,725,600,000 = 152*665*332°
1,721,865,282,968,320,000 = 20-2*665° 332"
322,364,252,224,806,000 = 15-2-665"332"
32,187,949,305,087,360= 6:2:665'332°
1,339,147,760,310,424 — 3329
665¢ =86,482,825,840,140,625)15,540,998,534,968,822,784 (179 + 64 = 243
15,480,425,825,385,171,875
-60,572,709,583,650,009

i s o . 60,572,709,583,650,000
Hence the deficiency in this case is 396—243

86,482,525,540,140,625
25,910,116,256,489,716

a quantity no less than 152
B86,482,825,640,140,625

Third. Let there be sought the approximate 6th Root of 397

Here M = 397, m is the same as before, and r = 397 — 64 — 333.

And hence the approximate Root is 2331, Then237(° =
»
333 883* 8387 385! 5335 333°%
24 62— 158 +Bﬂﬂ’—..+152"——+ﬁi.__+,__..m
665 665* 6657 665 665° 665
6:2%665*833 4 152665 938" 4 202 665"339° 4 15-2°.665"933* 1 6-2.665:339" . 835¢

644
665° g

w-_ 4
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8,314,836,019,421,400,000 = 6G-2°665333
5,204,587,207,645,350,000 15-2%665%333%
1,737,471,218,191,380,000 202665 333’

g

326,265,741,912,253,500 152665 333"
32,675,636,708,806,140 62 *665 *333°
1.363,532,208,525,369 333°

065" =86,452,825,810,140,625)15,617,199,356,087,715,000 ( 180 4 64 = 244
15,566,008,651,225,312,500
-50,290,704,862,402,509

50,290,704,862,402,509

Hence the deficiency in this case is 397—244 a quantity
: 86,482,825,840,140,625

86,102,120,077,7348,116

yet greaterthan before, beingnoless than 152
: 86,482,825,840,140,625

— Fourth. Let there be sought the approximate Gth Root of 728 —

Here M — 728, m is the same as before r = 728 — 64 = 664, And

hence the the approximate Rootis 2 44¢. Then2 §3°is
664 6644 664° 664 664° 6640
2t 4 62 — 4 152" 420 —— 4159 — 4 62— f —— o
665 665° 665° 665 665° 6650
6056657664 4 15:2°665664° 4 20-2665"664" 4 15-2°665"664* 4 15-2:665-664" 4 664°

e 665 i

16.579,733,083,771,200,000 = 6-2°.665°.664
90,693,501,442,902,400,000 = 15°2.665*.664°
13.774,922,963.746,560,000 = 20°2".665".664*
5.157,828,035,308,336,000 = 15.2°.665'.664*
. 1.030,014,380,642,795,520 =  6.2.665664°
85.705,457,236,443,136 = 665°

665° — 86,482,825,840,140,625)57,321,704,663,807,734,656 (662 4 64 =726
57,251,630,706,17 3,093,750

Cm— =

70,073,957,724,640,906

—

N 1

-
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; 70,078,957,724,640,906 e
Hence the deficiency in this caseis728 — 7 and is
¥ 86,482,825,540,140,625
iR 16,408,868,115,409,719
again diminished to 1
86,482,625,840,140,625

. 45.) It is obvious that the operation and exposition may easily be
extended to any other power, by the method of Par. 30), and by having as
many Ranks as there are units in the index of the power and analogically
adapting the circle of operations to these Ranks. It would be both curi-
ous and entertaining to investigate those properties of figurate’' numbers
by which the upper transferred number in each Rank becomes the found
figures of the Root involved to the index of that Rank and multiplied by
the proper co-efficient of the Binomial Theorem, and the succeeding ope-
rations finally produce for each period, the last found figures of the Root
multiplied by ten, and having then added the next figure of the Root,
and the sum being involved to the index of the given power; and then
having subtracted the last found figures of the Root multiplied by ten,
and inyolved to the index of the given power. But such an inquiry would

swell the present paper beyond all bounds of moderation, and must there-
fore be omitted.

46.) From all this ample detail, it appears that the advantages pro-
posed by the Arabian Arithmeticians in the complicated apparatus of
caleulation required for the Pulpit Diagram, is first, that the Root may be
extracted, as it were mechanically, without previous knowledge of the
co-efficients of the Binomial Theorem, which are here produced By the mere
arrangement of the Ranks; and next, that throughout all the intricacies
of this operation it should never be necessary to multiply by a number
higher than a Digit. 1shall not undertake to decide, whether these objects
were sufficiently important 1o Justify the employment of means so
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laborious, but shall only observe with respect to the last of them, that we
may hence form some judgment how much the old Arithmeticians must
have been perplexed and retarded by the labour of long multiplication.
We, who enjoy the bencfits of the great discovery of Logarithms, can
now scarcely form an estimate of the difficulties with which they had to
this want, and the facilities which we enjoy from their use.
ore, the Arabian method of extraction may inspire us with
1 e to Lord Naprer, we must not too hastily condemn it as
usélessl rious, till we can show that, without a knowledge of his
discuvéry o could have more happily succeeded in the facilitating and
abbreviation of calculation. Should, after all these considerations, the
intention of the Arabian operation be thought of little value, and the labour

employed to accomplish it misused, yet the artful contrivances by which
it is attained, and the skilful adaptation for this purpose of the simple
principle of the variation of the signification of symbols from the variation
of their situation, must, I think, in justice, always cause the Pulpit

Diagram to be considered a deserving monument of Arabic ingenuity.

47.) It now remains, according to the originally proposed arrange-

ment—
IV. That I should give the extract from the original Ayoun-ul-Hisab,

containing the above Rule, accompanied by a translation, and then offer

some explanatory Remarks.
48.) And the 