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To the RicuT HONOURABLE the

Iord CARPE NTE R.

MY LORD,

g HERE are many People in the World

# who are prepofleflfed with an Opinion,
¥ that the Do&rine of Chances hasa Ten-
N2 dency to promote Play, but they foon
@ will be undeceived, if they think fit to
o4k look into the general Deﬁgn of this
Book in the mean time, it will not be improper to in-
form them, that your Lordfhip is pleafed to efpoufe the
Patronage of this fecond Edition, which your ftri& Pro-
bity, and the diftinguifhed Character you bear in the
World, would not have permitted, were not their Appre-
henﬁons altogether groundlefs.

A 2 Your
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DEDICATION.

Your Lordfhip does eafily perceive, that this Docrine,
is fo far from encouraging Play, that it is rather a Guard
againft it, by fetting in a clear Light, the Advantages and
Difadvantages of thofe Games wherein Chance is concerned.

Befides the Endowments of the Mind which you have
in common with Thofe whofe natural Talents have been
cultivated by the beft Education, you have this particular
Happinefs, that you underftand, in an eminent Degree, the
Principles of Political Arithmetic, the Nature of our Funds,
the National Credit, and its Influence on public Affairs.

As one Branch of this ufeful Knowledge extends to the
Valuation of Annuities founded on the Contingencies of
Life, and that I have made it my particular Care to facili-
tate and improve the Rules I have formerly given on that
Subject ; I flatter myfelf with a favourable Acceptance of
what is now, with the greateft Deference, f{ubmitted to
your Judgment, by,

My Lorp,

Your Lordfhip's
Mofp Obedient and
Moft Obliged,
Humble Servany,

A. De Motvre,
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P A\ S

PREFACE.

3 I8 now about Seven Years, fince I gave a Specimen in the
Philofophical Tranfaltions, of what I now more largely
treat of in this Book. The occafion of my then undertalking
this Subject was chiefly owing to the Defire and Encourage-

ment of the Honourable Francis Robartes Efg; who, upon occafion of a

French Traét, called, 1’Analyfe des Jeux de Hazard, which bad lately

been publifbed, was pleafed to propofe to me fome Problems of much greater

difficulty than any be bad found in that Book ; which baving folved to
bis Satisfaction, be engaged me to methodize thofe Problems, and to lay
dowwn the Rules which bad led me to their Solution. After I bad pro-
ceeded thus far, it was enjoined me by the Royal Society, to communicate

2o them what I bad difcovered on this Subject, and thereupon it was

ordered to be publifbed in the Tranfaltions, not fo much as a matter re-

lating to Play, but as containing fome general Speculations not unworthy
to be confidered by the Lovers of Truth.

I had not at that time read any thing concerning this Subject, but
Myr. Huygens’s Book de Ratiociniis in Ludo Ale®, and a little Englifh
Piece (which was properly a Tranflation of it) done by a very ingenious
Gentleman, who, tho' capable of carrying the matter a great deal far-
ther, was contended to follow bis Original 5 adding only to it the com-
putation of the Advantage of the Setter in the Play called Hazard, and

_fome few things more. As for the French Book, I bad run it over but

curforily, by reafon I bad obferved that the Author chicfly. infifted 27:

Z

* This Preface awas awritten in 1717,

*A
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i, PREFACE

the Method of Huygens, which I was abfplutely refolved to rejel?, as
nat feeming to me to be the genuine and natural way of coming at the Solu-
tion of Problems of this kind.

I bad faid in my Specimen, that Mr. Huygens was the firff who
had Publifbed the Rules of this Calculation, intending thereby to do juftice
to @ Man who bad well deferved of the Public ; but what I then faid
was mifinterpreted, as if I bad defigned to wrong fome Perfins who
bad confidered this matter before him, and a paflage was cited againft
me out of Huygens’s Preface, in which be faith, Sciendum vero quod
jam pridem, inter Preftantiffimos totd Gallii Geometras, Calculus
hic fuerit agitatus ; ne quis indebitam mihi prime Inventionis glo-
riam hac in re tribuat. But what follows immediately after, bad it
been minded, might bave cleared me from any Sufpicion of imjuflice.
The words are thefe, Caterum illi difficillimis quibuique Quzftionibus
fe invicem exercere Soliti, methodum Suam quifque occultam reti-
nuere, adeo ut a primis elementis hanc materiam evolvere mihi
necefle fuerit. By which it appears, thatthe Mr. Huygens was not
the firt who bad applied bimfelf to thofé forts of Queftions, he was ne-
werthelefs the firft who bad publifbed Rules for their Solution ; which is
all that I affirmed.

Such a Traét as this is may be ufeful to feverals end; the firft of
awhich is, that there being in the World feveral inguifitive Perfons,
who are dJefirous to know what foundation they go upon, when they
engage in Play, whether from a motive of Gain, or barely Diver-
fion, they may, by the belp of this or the like Traét, gratify their
curiofity, either by taking the pains to underfland what is bere De-
monflrated, or elfe making ufe of the Conclufions, and taking it for
granted that the Demonfirations are right.

Anotber ufe to be made of this Doltrine of Chances is, that it
may ferve in Comjunition with the other parts of the Mathematicks,
as a fit Introduction to the Art of Reafoning; it being lknown by
expertence that nothing can contribute more to the attaining of that
Art, than the confideration of & long Train of Confequences, rightly
deduced from undoubted Principles, of which this Book affords many
Examples. To this may be added, that fome of the Problems about
Chance baving a great appearance of Simplicity, the Mind is eafily drawn
into a belief, that their Solution may be attained by the meer Strength
of natural good Senfé 5 which generally proving otherwife, and tle ]é;/.
takes cecafioned thereby being not unfrequent, tis prefumed that a Book
of this Kind, which teaches to diffinguifb Truth from wbhat feems

Jfo nearly to refemble it, will be look'd upon as a lbelp to good Rea
Joning.

Amo:ag
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PREFACE 11i

Among the feveral Mifiakes that are committed about Chance, one
of the moft common and kaff fufpecled, is that which relates to Lot-
teries.  Thus, fuppofing a Lottery wherein the proportion of the Blanks
to the Prizes is as five to one; 'tis very natural to conclude, that there-
SJore five Tickets are requifite for the Chance of a Prize; and yet it may
be proved, Demonfiratively, that four Fickets are more than fufficient for
that purpofe, which will be confirmed by often repeated Experience. In
the Like manner, fuppofing a Lottery wherein the proportion of the Blanks
to the Prizes is asThirty-nine to One, (_fuch as was the Lottery of 1710)
it may be proved, that in twenty eight Tickets, a Prize is as likely to
be taken as not 5 which tho' it may feem to contradiét the common Nofons,
25 neverthelefs grounded upon infallible Demonfiration.

When the Play of the Royal Oak was in ufe, fome Perfons who Joft
confiderably by it, had their Loffes chiefly occafioned by an Argument of
awbhich they could not perceive the Fallacy. The Qdds againft any par-
ticular Point of the Ball were One and Thirty to One, which intitled
the Adventurers, in café they were winners, to bave thirty two Stakes
returned, including their own s inflead of which they baving but Eight
and Twenty, it was very plain that on the fingle account of the difad-
vantage of the Play, they loft one eighth part of all the Money they play d
Jor.  But the Mafler of the Ball maintained that they bad no reafon to
complain; fince be would undertake that any particular point of the Ball
Should come up inTwo and Twenty Throws; of this be would offer to lay
a Wager, and actually laid it when required,  The feeming contradiétion
between the Odds of One and Thirty to One, and Twenty-two Throws for
any Chance to come up, fo perplexed the Adventurers, that they begun to
think the Advantage was on their fide ;s for which reafon they playd on
and continued to lpfe.

The Do&trine of Chances may likewife be a belp to cure a Kind of
Superflition, which bas been of long flanding in the World, viz. that there
is in Play fuch a thing asLuck, good or bad. I own there are great many
judicious people, who without any other Affiftance than that of their own
reafon, are fatisfied, that the Notion of Luck s meerly Chimerical ; yet
I conceie that the ground they bave to look upon it as fuch, may f2ill be

farther inforced from fome of the following Confiderations.

If by faying that a Man bas bad good Luck, nothing more was meant
than that be bas been generally a Gainer at play, the Expreffion might
be allowed as very proper in a fhort way of [peaking : But if the Word
Good Luck be underftood to fignific a certain predominant quality, fo in-
herent in a Man, that he muft win whenever be Plays, or at leaft win
oftner than lofe, it may be denied that there is any fuch thing in nature.

%A 2 The
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v PREFACE

The Afferters of Luck are wery fure from their own Experience,
that at fome times they bave been very Lucky, and that at other times
they have bad a prodigious Run of il Luck againf? them, which whilft
it continued obliged them to be very cautious tn engaging with the For-
tunate 5 but how Chance fhould produce thofe extraordinary Ewents, is
what they cannot concerve : They would be glad, for Inftance, to be Sa-
tisfied, bow they could Ilofe Fifteen Games together at Piquet, 7f ill
Luck kad not firangely prevailed againft them. But if they will be-
pleafed to confider the Rules deliver'd in this Book, they will fee,
that though the Odds againft their lofing fo many times together be very
great, viz. 32767 to 1, yet that the Poffibility of it is not defiroy’'d by
the greatnefs of the Odds, there being One Chance in 32768 that it may
o bappen 5 from whence it follows, that it was f/f'z‘ll poffible to come to pafs
quithout the Intervention of what they call Il Luck,

Befides, This Accident of lofing Fifteen times together at Piquet, is
no more to be imputed to ill Luck, than the Winning with one fingle
Ticket the higheft Prize, in a Lottery of 32768 Tickets, is to be im-
puted to good Luck, fince the Chances in both Cafes are perfectly equal.
But if it be faid that Luck bas been concerned in this latter Cafe,
the Anfwer will be eafy 5 for Jet us fuppofe Luck not exifting, or at leaf?
let us [uppofe its Influence to be fufpended, yet the higheft Prize muft fall
tnto fome Hand or other, not by Luck, ( for by the Hypothefis that bas
been laid afide) but from the meer neceflity of its falling fomewhere.

Fhofe awho contend for Luck, may, if they pleafe, alledge other Cafes
at Play, much more unlikely to bappen than the Winning or Lofing
Jfifteen Games together, yet fll their Opinion will never receive any
Addition of Strength from fuch Suppofitions: For, by the Rules of
Chance, a time may be computed, in which thofe Cafés may as pro-
bably happen as not 5 nay, not omly fo, but a time may be computed in
which there may be any proportion of Odds for their [0 bappening.

But fuppofing that Gain and Lofs were fo fluctuating, as always fo
be diffributed equally, whereby Luck would certainly be annibilated ;
would it be reajonable in this Cafe to attribute the Events of Play to
Chance alone? 1 think, on the contrary, it would be quite otherwife,
Jor then there would be more reafon to fufpect that fome unaccountable
Fatality did rule in it: Thus, if two Perfons play at Crofs and Pile,
and Chance alone be fupposd.to be concern’d in regulating the fall of
the Piece, is it probable that there fbould be an Equality of Heads and
Croffes 2 It is Five to Three that in four times there will be an inequa-
ity 5 tis Eleven to Five in fix, 93 to 35 in Eight, and about 12 to 1
in a bundred times: Wherefore Chance alone by its Nature confistutes
she Inequalities of Play, and there is no need to bave recourfe to Luck
to explain them, Eurther,
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PREFACE v

Further, The fame Arguments which explode the Notion of Luck,
may, on_the other fide, be ufeful in fome Cafes to eftablifb a due com-
parifon between Chance and Defign : We may imagine Chance and De-

n to be, as it were, in Competition with each other, jfor the produltion
of fome forts of Events, and may calculate what Probability there is,
that thofe Events fbould be rather owing toone than to the other. To give
a familiar Inflance of this, Let us fuppofe that two Packs of Piquet-
Cards being fent for, it fhould be percerved that there is, from Top to
Bottom, the fame Difpofition of the Cards in both Packs; Let us like-
wife fuppofe that, fome doubt arifing about this Difpofition of the Cards,
it fhould be queftioned whether it ought to be attributed to Chamce, .or
to-the Maker's Defign : In this Cafe the Doétrine of Combinations de-
cides the Queflion, fince it may be proved by its Rules, that there are
the Odds of above 26313083 Millions of Millions of Millions of Millions
to One, that the Cards were defignedly fet in the Order in which they
were found.

From this laft Confideration awe may learn, in many Cafes, bow to
diftinguifh the Events which are the effect of Chance, from thofe which
are produc’d by Defign: The very Doétrine that finds Chance where it
really is, being able to prove by a gradual Increafe of Probability, till
it arrive at Demonftration, that where Uniformity, Order and Con-
Slamy refide, there alfo refide Choice amd Defign.

Lattly, Owe of the principal Ufes to which this Do&rine of Chances
may be apply'd, is the difcovering of fome Truths, wbich cannot fail of
pleafing the Mind, by their Generality and Simplicity ; the admirable
Connexion of its Confequences will increafe the Pleafire of the Difcovery ;
and the feeming Paradoxes wherewith it abounds, will afford very great
matter of Surprize and Entertainment to the Inguifitive. A very re-
markable Inflance of this nature may be feen in the prodigious Advan-
tage which the repetition of Odds will amount to; Thus, Suppefing I play
with an Adverfary who allows me the Odds of 43 to 40, and agrees
with me to play till 100 Stakes are won or loff on either fide, on condi-
tion that I give him an BEquivalent jfor the Gain F am intitled to by
the Advantage of my Odds ; the Queftion is, wbat I am to give him,
on_fuppofing we play a Guinea a Stake : The Anfwer is 99 Guineas and
above 18 Shillings *, which will feem almoft incredible, confidering the
fmallnefs of the Odds of 43 to 40. Now let the Odds be in any Propor-
téon given, and let the Number of Stakes be played for be never fo great,
yet one general Conclufion will include all the poffible Cafes, and the ap-
plication of 1t to Numbers may be wrought in lefs than a Minute's time.

Y|

¥ Guintas were then at 218 6%
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vi PREFACEL

I have explain'd, in my Introdu&ion o the following Treatife, the
chief Rules on which the whole Art of Chances dependss I bave done it
in the plaineft manner that I could think of, to the end it might be (as
much as pofibley of general Ufe. I flatter my felf that thofé who are
acquainted with Arithmetical Operations, will, by the belp of the In-
trodu@ion alone, be able to folve a great Variety of Queftions depending
on Chance: I wifb, for the fake of fome Gentlemen who bave been pleafed
to fibfribe to the printing of myBook, that I could every where bave been
as plain as in the Introduction ; but this was bardly practicable, the In-
vention of the greateft part of the Rules being intirely owing to Algebra ;
set I have, as much as poffible, endeavour'd to deduce from the Algebraical
Calculation feveral practical Rules, the Truth of which may be depend-
ed upon, and which may be very ufeful to thofe who bave contented them-
felves to learn only common Arithmetick.

On this occafion, I muft take notice to fuch of my Readers as are
well wversd in Vulgar Arithmetick, that it would not be difficult for
them to make themjelves Maflers, not only of all the practical Rules in
this Book, but alfo of more ufeful Diftoveries, if they would take the
fmall Pains of being acquainted with the bare Notation of Algebra,
wbich might be done in the bundredth part of the Time that is fpent in
learning to write Short-hand.

One of the principal Methods I have made ufe of in the following
Treatife, bas been the Doltrine of Combinations, faken in a Senfe
fomewhat more extenfive, than as it is commonly underflood: The No-
tion of Combinations being [o well fitted to the Calculation of Chance,
that it naturally enters the Mind whenever any Aftempt is made to-
wards the Solution of any Problem of that kind. It was this that led
me in courfe to the Confideration of the Degrees of Skill in the Adven-
turers at Play, and I have made ufe of it in mof} parts of this Book,
as one of the Data that enter the Queftion s it being [o far from per-
plexing the Calculation, that on the contrary it is rather a Help and an
Ornament fo it : It is true, that this Degree of Skill is not to be known
any other way than from Obfervation ; but if the fame Obfervation
conflantly recur, 'tis firongly to be prefumed that near Effimation of
it may be made : However, fo make the Calculation more precife, and
to avoid caufing any needlefs Scruples to thofe who lve Geometrical
Exaétnefs, it will be eafy, in the room of the word Skill, to fubftitute
a Greater or Lefs Proportion of Chances among the Adventurers, fo as
each of them may be Jaid to bave a certain Number of Chances to win
one fingle Game.

The general Theorem invented by Sir lfaac Newton, for raifing a Bino-
wmiial to any Power given, facilitates infinitely the Method of Combinations,

reprefenting
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PREFACE vii

veprefenting in one View the Combination of all the Chances, that can
bappen in any given Number of Times. ’Tis by the belp of that Theorem,
joined with fome other Methods, that I bave been able to find praitical
Rules for the folving a great Variety of difficult Queftions, and to re-
duce theDifficulty to a fingle Arithmetical Multiplication, whereof feveral
Inflances may be feen in the 21ff Page of this Book.

Another Method I have made ufe of, is that ¢f Infinite Series, which
in many cafes will folve the Problems of Chance more naturally than
Combinations. To give the Reader a Notion of this, we may [uppofe
two Men at Play throwing a Die, each in their Turns, and that he
be to be reputed the Winner awbo [hall firft throw an Ace : If is plain,
that the Solution of this Problem cannot [o properly be reduced to Com-
binations, which ferve chiefly to determine the proportion of Chances be-
tween the Gamefters, without any regard to the Priority of Play. ’Tis
convenient therefore to have recourfe to fome other Method, fuch as the
Jollowing :  Let us_fuppofe that the firft Man, being willing to compound
with bis Adverfary for the Advantage be is intitled to from his firft
Throw, [bould aff bim what Confideration be would allow to yield it to
him 5 it may naturally be fuppofed that the Anfwer would be one Sixth
part of the Stake, there being but Five to One againft bim, and that
this Allowance would be thought a juff Equivalent for yielding bis Throw.
Let us likewife fuppofe the fecond Man to require in bis Turn to have
one fixth part of the remaining Stake jfor the Confideration of bis Throw;
awhich being granted, and the firfp Man's Right returning in courfe, he
may claim again ome fixth part of the Remainder, and fo on alter-
nately, till the whole Stake be exbaufled: But this not being to be done
till after an infinite number of Shares be thus taken on both Sides, it
belongs to the Method of Infinite Series fo affign to each Man what pro-
partion of the Stake he ought to take at fiift, fo as to anfwer exallly
that fitt1tious Divifion of the Stake in infinitum ; by means of avhich
it will be found, that the Stake ought to be divided betrween the contend-
ing Parties into two parts, refpectively proportional to the two Numbers
6 and 5. By the like Method it would be found that if there <were
Three or more Adventurers playing on the conditions above defcribed,
each Man, according fo the Situation be isin with refpect to Priority of
Play, might take as bis due fuch part of the Stake, as is expreffible by
the corre[ponding Term of the proportion of 6 to 5, continued to 5 many
Terms as there are Gameflers s which in the caje of Three Gamefters,

Jor Inflance, would be the Numbers 6, 5, and 4—;— , or their Pro-

portionals 36, 30, and 25.
Another Advantage of toe Method of Infinite Series is, that every
Derm of the Series includes fome particular Circumflance wherein the
Gaineflers
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vili PREFACE

Gameflers may be found, which the other Methods do not ; and that a
few of its Steps are fufficient to difeover the Law of its Procefs. The
only Difficulty which attends this Method, being that of fumming up
Jo many of its Terms as are requijite for the Solution of the Problem
propofed : But it will be found by experience, that in the Series refult-
ing from the confideration of moff Cafes relating to Chance, the Terms
of it will either conflitute a Geometric Progreffion, which by the known
Methods is eafily fummable ;5 or elfe fome other fort of Progreffion, whofe
nature confifts in this, that every Term of it has to a determinate num-
ber of the preceding Terms, each being taken in order, fome conflant re-
lation 5 in which cafe I bave contrived fome eafy Theorems, not only for
Jinding the Law of that Relation, but alfp for finding the Sums re-
quired 5 as may be feen in feveral places of this Book, but particu-
193,194 larly from page 127 to page 128.

A Third Advantage of the Method of Infinite Series is, that the So-
lutions derived from it bave a certain Generality and Elegancy, which
Jearce any other Method can attain to s thofe Methods being always
perplexced with various unknown Quantities, and the Solutions obtained
by them terminating commonly in particular Cafes.

There are other Sorts of Series, which tho not properly infinite, yet
are called Series, from the Rogularity of the Terms whereof they are
compofed 5 thofe Terms following one another with a certain uniformity,
which is akways to be defined. Of this nature is the Theorem given
by Sir lfaac Newton, in the fifth Lemma of the third Book of bis
Principles, for drawing a Curve through any given number of Points s
of which the Demonfiration, as well as of other things belonging to the
Jame Subject, may be deduced from the firft Propofition of his Metho-
dus Difterentialis, printed with fome other of bis Traéts, by the care of
my Intimate Friend, and very fRilful Mathematician, Mr. W. Jones.
The abovementioned Theorem being very ufeful in fumming up any num-
ber of Terms whofe laff Differences are equal, (fuch as are the Num-
bers called Triangular, Pyramidal, &c. the Squares, the Cubes, or
other Powers of Numbers in Arithmetic Progreffion) I bave fhewn in
many places of this Book how it might be applicable to thefe Cafes.

After baving dwelt fome time upon various Queftions depending on the
general Principle of Combinations, as laid down in my Introduction,
and upon fome others depending on the Metbod of Infinite Series, I pro-
ceed to treat of the Method of Combinations properly [o called, which
I fhew to be eafily deducible from chat more general Principle which
bath been before explained : Where 1t may be obferved, that althe the

Cafes

N.B. The Numbers in the Margin, bere and clfewhere, anfwer to the

prefent Edition,
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Cafes it is applied to are particular, yet the Way of Reafoning,
and the Confequences derived from it, are gemeral ; that Method of
Arguing about generals by particular Examples, being in my opinion
very convenient for eafing the Reader’s Imagination.

Having explained the common Rules of Combinations, and given a The~
orem which may be of ufe for the Solution of fome Problems relating fo that
Subject, I lay doion a new Theorem, which is properly a contraétion of
the former, whereby feveral Queftions of Chance are refobved with won-
Z’%ul lea_fﬁ, tho' the Solution might feem at firft fight to be of infuperable

ypcuity.,

1t 7s by the Help of that Theorem [5 contracted, that I have been able
to give a compleat Solution of the Problems of Pharaon and Baflete, which
was never done before me: 1 own that fome great Mathematicians have
before me taken the pains of calculating the Advantage of the Banker,
in any circumflance either of Cards remaining in bis Hands, or of any
number of times that the Card of the Ponte is contained in the Stock :
But flill] the curiofity of the Inquifitive remained unfatisfied ; The Chief
Queftion, and by much the moft difficult, concerning Pharaon or Baflete,
being what it is that the Banker gets perCent, of all the Money adven-
tured at thofe Games, which now I can certainly anfwer is very near
Three per Cent. at Pharaon, and Three fourths per Cent af Baflete, as
may be feenin my xxiii Problem, where the precife Advantage is calculated. 32.

In the 24th and 25th Problems, I explain a new fort of Algebra, 34, 35
whereby fome Queftions relating to Combinations are folved by [o eafy a
Procefs, that their folution is made in fome meafure an immediate con-
Sequence of the Method of Notation. I will not pretend to fay that this
new Algebra, 7s abfolutely neceffary to the Solving of thofe Queftions which
1 make to depend on it, fince it appears that Mr. Monmort, Author of
the Analyfe des Jeux de Hazard, and Mr.Nicholas Bernoully bave folved,
by another Method, many of the cafes therein propofed: But Ihope I fhall
not be thought guilty of too much Confidence, if I affure the Reader, that
the Method I have followed kas a degree of Simplicity, not to fay of
Generality, which will bardly be attained by any other Steps than by
thofe I bave taken.

The 29th Problem, propofed to me, amongft fome others, by the Ho- 38.
nourable Mr. Francis Robartes, I bad folved in my Trait De menfura
Sortis; I relates, as well as the 24th and 2 5th, to the Method of Com- 34, 35-
binations, and is made to depend on the fame Principle. When I began
Jor the firft time to attempt its Solution, 1 bad nothing elfe to guide me
but the common Rules of Combinations, fuch as they bad been delivered by
Dr. Wallis.and others ; which when I endeavoured to apply, I was fur-
prized to find that my Calculation fwellcd by degrees to an intolerable Bulk :

a For
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For this reafon I was forced to turn my Views another way, and to try
whether the Solution I was feeking for might not be deduced from fome ea-
Sier confider ations 5 whereupon I happily fell upon the Method I bave been
mentioning, which as it led me to a very great Simplicity in the Solution,
o I look upon it to be an Improvement made to the Method of Combinations.

39. The 30th Problem is the reverfe of the preceding ; It contains a wvery
remarkable Method of Solution, the Artifice of which confifts in changing
an Arithmetic Progreffion of Numbers into a Geometric ones this being
always to be done when the Numbers are large, and their Intervals finall.
Ifreely acknowledge that Fhave been indebted long ago for this uféful Idea,
to my mnch refpested Friend, That Excellent Mathematician Doétor Hal-
ley, Secretary to the Royal Society, whom I bave feen practife the thing
on another occafion: For this and other Infiructive Notions readily im-
parted to me, during anuninterrupted Friendfbip of five and Twenty years,
I return him my very bearty Thanks.

44. The 32 Problem, having in it a Mixture of the two Methods of Cor-
binations and Infinite Series, may be propofed for a pattern of Solution,
in fome of the moft difficult cafes that may occur in the Subject of Chance,
and on this occafion I muft do that Tfuftice to Mr. Nicholas Bernoully,
to own he bad fent me the Solution of this Problem before mine was Pub-
lifbed 5 which I had no fooner received, but I communicated it to the
Royal Society, and reprefented it as a Performance bighly to be commend -
ed: Whereupon the Society order'd that bis Solution fhould be Printed
which was accordingly done foine time after in the Philofophical Tran{-
altions, Numb. 341. where mine was alfo inferted.

The Problems which follow relate chiefly to the Duration of Play, or
to the Method of determining what number of Games may probably be played
out by two Adverfaries, before a certain number of Stakes agreed on be-
tween them be won or Ioft on either fide. This Subjelt affording a wvery
great Variety of CuriousQueftions, of which every one bas a degree of Dif-
Jeulty peculiar to it felf, I thought it neceflary to divide 1t into feveral
diftinét Problems, and to illuftrate their Solution with proper Examples.

Tho' thefe Queftions may at firft fight feem to bave a very great degree
of difficulty, yet I have fome reafon to belicve, that the Steps I have taken
to come at their Solution, will eafily be followed by thofe who have a com-
petent fkill in Algebra, and that the chief Method of procceding therein
will be underflood by thofe who are barely acquainted with the Elements of
that Art.

When I firft began to attempt the general Solution of the Problem con-
cerning the Duration of Play, there was nothing extant that could give
me any light into that Subject 5 for altho Mr. de Monmort, 7n the Jirft
Edition of bis Book, gives the Solution of this Problem, as Limited to three

1 Stakes
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PREFACE x1

Stakes to be won or bff, and farther limited by the Suppofition of an E-
quality of Skill between the Adventurers; yet he baving given no De-
monftration of bis Solution, and the Demonfiration when diftovered
being of wery little ufe towards obtaining the general Solution of the
Problem, I was forced to try what my own Enguiry would lead me to,
which having been attended with Succefs, the refult of what 1 found was
afterwards publifbed in my Specimen before mentioned.

All the Problems which in my Specimen related to the Duration of
Play, bave been kept entire in the following Treatife ; but the Method of
Solution bas received fome Improvements by the new Difcoveries I bave
made concerning the Nature of thofe Series which refult from the Confi-
deration of the Subject ; however, the Principles of that Method having
been laid down in my Specimen, I bad nothing now fo do, but to draw
the Confequences that were naturally deducible from them.

VAN

el
N ’?}Eﬁ%’—

7

N

a2 ADVER-
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ADVERTISEMENT

Concerning this Second Edition.

HE Advantages which this fecond Edition has over the firft

are many ; for 1°, The Arithmetical Principles laid down in
the Introduction of the firft have been very much enlarged, and made
much more eafly, than they were; 2°, The Problems, of which the
Solution requires more Skill than can be derived from the Rules of
common Arithmetic, are treated in the cleareft manner that the nature
of the Subject will admit of; 3°,The chief Queftions which may relate
to Lotteries are fully refolved, fuch as the following; What is the
Chance of getting a certain number of Prizes with a determinate num-
ber of Tickets? What is the Advantage or Difadvantage of contrac-
ting about returning undrawn Tickets in cafe of Prizes, and how to
ftate an Equality between the contending Parties? What Confidera-
tion ought to be given in the beginning of.a Lottery to have conti-
nually a new Chance fupplied upon the determination of the old?
4°, I have added the Solutions of fome Problems relating to fome Cir-
cumftances of the Game of Quadrille, whereby is thewn, the Pro-
bability of forcing all the Trumps, and of judging whether it be fafe
to undertake the Vol : 5°, The Values of Chances in Raffling are
more eafily calculated than in the firft Edition, on which occafion
this Queftion has been added ; Whether upon fuppofition of the Ad-
venturers being equal Contributors to a common ftock, it were bet-
ter for the Cafter of the firft Chance that there were many or few
Adventurers befides himfelf, and the true Limitation of the Number
which would make that Chance as valuable as poffible? 6°, Aneafy
Method of eftablithing at Hazard an Equality of Chance between the
Cafler and the Setter : 7°, This Queftion is refolved, What is at Ha-
zard the Gain of the Box, or how many Ma:ns, one with another,
are requifite to make the Box-keeper be intitled to his BOX»MOney?
8¢, Some Problems concerning the Odds between two Players at Pi-
quet according to the various Circumflances of a Parsy of three
Games, together with other Queftions relating to that Play. ¢°, Some
Queitions relating to 77ht/k, as allo the Refolution of a Queftion hi-
therto unanfwered, v/z. Whether one fide being Eig/lt of the Game,

and
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Advertifement concerning tbis Second Edition.  xiii

and the other Nize, the Eight or the Nine have the beft Chance? 10°,
Whether-at any Game it be more advantageous to have the OdJs in
Chance, upon an Equality of Skill, or to have the Odds laid to, up-
on an Equality of Chance? 11°, In this Book have been inferted
the principal Rules of a former Book of mine concerning the Values
of Annuities for Life, whether upon one, two or more Lives; the
Values of Reverfions, the Values of joint and fucceflive Lives; Pro-
babilities of Survivorfhip; Values of Expeations founded on the
Contingency of the Duration of certain Lives for a limited Time: as
alfo fome Tables to facilitate the praclice of the foregoing Rules.
12°, The Method of calculating the Value of a perpetual Advowfon,
according to the Age of the Incumbent. 13° The Solution of a Quef-
tion which cannot fail of interefting the Reader; it is, What reafon-
able ConjeCtures may be derived from Experiments, or what are the
Odds that after a certain number of Experiments have been made con-
cerning the happening or failing of Events, the Accidents of Contin-
gency will not afterwards vary from thofe. of Obfervation beyond cer-
tain Limits 5 which leads naturally to this Confequence, that altho’
Chance has very great Influence on fome Events, yet that it very lit-
tle difturbs thofe which in their natural Inftitution were defigned to
happen according to fixt Laws, Chance vanifhing as it were at long
run in refpect to the Conftancy and Regularity of Order. 14°, Altho

the Solution of the Queftion laft mentioned was intended to conclade
iny Work, yet two or three curious Problems have been added to it,
on fome particular Occafions.

I fuppof® it is not expected from me that I fhould anfwer the Ob-
jections which a late anonymous Author has made againft what I for-
merly writ concerning the Values of Lives; for he having declared
more than once that he had never read my Book, but that what he
had cited out of it, was from the Citation of others, I think he has
thereby fufficiently anfwered himfelf, for which reafon T'll content
my felf with telling him, that he neither underftands what he would
confute, nor knows what he would eftablith.

There is in the World a Gentleman of an older Date, who in the
year 1726 did affure the Pablic that he could calculate the Values of
Lives if he would, but that he would not, beceufe the Obfervations
then extant about the probable Duration of Lives were {o uncertain
and fo few, that he could not rely upon them, but that as {oon as he
had procured from the Parith Clerks, the Fills of Mortality for a
competent number of years, he would then thew what he is capable
of ; but as he was difident he could not live {o long, He, to make
fome compenfation for the uncertainty of his Life, did communicate

to
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xiv  Advertifement concerning this Second Edition.

to the Public a moft valuable Secret, by declaring that the beft Me-
thod he could propofe to his Reader for the valuation of Lives, was to
confider with bimfelf, what number of yeats ecrtain is equivalent to
the Life or Lives in queftion, having always regard to the Ageand
Health of the Annuitant or Annuitants; which done, his Book will
tell you the reft: What pity it is, that after fo rare an Expedient for
calculating a fingle Life, he has not been pleafed to confider with bim-
Jélf; what muft be the Method of calculating combined Lives; for it
does not clearly follow, that becaufe a good Phyfiognomift can guef
at the Value of one Life, he can alfo guefs at the Value of two or
three joint Lives, or at the longeft of them ; it is to be hoped that
fome time or other, there will be found fome ingenious Perfon who
will improve fo ufefal a Hint, and profecute what he had fo happily
begun.

% have one word to add, which is, that the Tables I have printed
in this Book concerning the Values of Lives, being upon a fuppofi-
tion of an Intereft of 5 per Cent. may be thought not to be well
fitted to the prefent Time: to which I anfwer, fir/, That in the Body
of my Book I have given Rules for calculating the Values of Lives for
any rate of Intereft; fécondly, That thofe Tables were originally com-
poféd when Intereft was at five per Cent. Thirdly, that a Man by pur-
chafing aLife at a certain price, may, without offending the Law, make
5 per Cent. of his Money or upwards : La/ty, that I intend thortly to
publith a little Pocket-Book, containing Tables for readily eftimating
the Values of Single and Combined Lives, for an Intereft both of g
and 4 per Cent. wherein T fhall endeavour to prove, that the rate of
Intereit which a Man ought to value his Money at, when he pur-
chafes a Life, is not to be regulated by the Intereft he can make,
by placing his Money in the Funds.

The moft remarkable Errata, are as follows:
Pag. 83. Lin. 19. for 6 Matadors, read 3 Matadors.
Pag. 113. Lin. 2. for Cylinder, read Prifm.
Pag. 152. Lin. 7. from the Bottom, fill up the Blank by writing
xviirth,
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