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1. The reflections which | have just proposed to you on thenangianalysis of chances,
will lead me to some others on the manner in which we calcutaeprobability of the
duration of life. There is for this two methods of which theuk is different; the first,
which is that which all Authors have followed, consists inedenining this probability by
the mean life; that is, by the area of the curve of mortalijidéd by the number of the
living of the same age; see n®puscules\Volume Il, page 74 & following. The second,
adopted by Mr. de Buffon, is to estimate this probability bg humber of years at the
end of which the precise half of the living will be dead. | haweerted, page 76 of the
Work cited, that this is for that which he himself finds suchemormous difference in the
first years between the table of mortality of tHéstoire Naturelle& that of M. Daniel
Bernoulli, & I know not why this last, after having read that which | havetten on this
subject, persists to believélém. Acad. des Sciences de Pafig60, page 28 that the
difference comes from a false impression in the table of-tstoire Naturelle although
the reason of this enormous difference is evidently thattwhihave reported. Whatever
there is of it, the only difference between these two waysstifreating the probability of
the duration of life, would prove that we have not yet at alinsosure method for this
object; thus | am going to try to show by the following reflecis, that one & the other
method is subject to some difficulties.

1. And first as to the first method, let two curves of mortalgy4QC D, AOCD, (Fig.
7) of which the areas are equal, but of which the one convdirgesowards its axis much
more promptly than the other; the mean life is the same inwloecises; will we say that
the expectation of life is the same? Will we say, that which bé a consequence of it,
that two persons, placed in the two cases, could be able togehiadifferently from fate
the one with the other? It seems to me to the contrary thatdrcéise where the curve of
mortality is AQC D, the lot is much less favorable; by the reason that there ihness
risk of dying in the first years, than when the curve of motyag AOC D.

2. If all men of the same age, & who we suppose to be of numhéived p years, and
who at the end of this time came to perish all at once, theieetgtion of life, according to
the method of which there is question, wouldih& this expectation would beeertitude
but they would live in al2p years taking one thing with another, & if there died of them
each year an equal number, the expectation of each would the samep; now in this
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last case, the expectation is onlyp#obability; can we believe that the two cases are the
same? Why therefore estimate the expectation in the twe ¢gsthe same number?

3. If concerning the persons of number there perished of them in the day or even
in the years, & if the others lived all top years, at the end of which they perished all at
once, the expectation will bg, & it will be a simpleprobability. If on the contrary they
all lived ”ygﬁs& if at the end of this time they perished all at once, the exgisan would
be the samé, & it would be acertitude Inconvenient similar news in the expression of
the expectation; because if the lot is not equal in the twesashy express it in the last
manner?

4. We will say perhaps that the disadvantage of having indsedase only a simple
probability of living £ years, will be compensated by tipessibility of living p years;
instead that in the second case, we have in trutieéintudeof living £ years, but at the
same time theertitudeof not living further. But if the question is to know if thpossibility
of living p years is capable of compensating the fear of dying in the yearword, if this
is an equal thing, as the result of the calculation give®ihd assured, for example, of 50
years of life, (neither more nor less) or to have on one sideptbbability% that we will
die in the year, or rather in the hour, & on the other the pr-ﬂbyib} that we will live one
hundred years.

5. The difficulties are quite similar for the second methodtéad of supposing that the
m living persons, die one after the other, so that there rewiyn 3 at the end op years,
| suppose that they live all years, & that at the end of this time there die suddenly half of
them, that is7. According to the calculus of the second method, the expentaill be
the same in the two cases; but can this be said?

6. In the case of which we just spoke, there is not @dgectationthere iscertitude
of living p years; in the other there is ongxpectation& not certitude in the first case,
beyond the certitude of living years, we have further the expectation of living to beyond,
since we can be of the number$gfpersons who we suppose die only at the englysars;
in the second we have not even the certitude of liyingars.

7. On the other hand, we suppose thatdiiving persons there die suddenly the half of
them at the beginning of theyears; by the second method, the probability of the duration
of life will be = 0, since at the end of a time 0 there is the half of them dying. Now can
we say that in this case tleapectatioris = 0? Indeed, we could suppose (Fig. 8) that after
the half AQ of living personsA B is dead suddenly at the beginning of the tid® = p
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years, the entire half remaini@B live one hundred years, & die only at the end of this

time. Now in this case could we not say: there are odds on@stgaie that | will live one
hundred years or that | will die just now; therefore expectations fifty years.

A

B D

8. Of these two methods to estimate the probability of life, first is absolutely analo-
gous to the calculation by which we determine the expectatidhe Players in the games
of chance; thus it is followed by a much greater number of Atglthan the second, which
nonetheless can have also its partisans. If we considexgecttion of living following
the idea of the first method, it seems to me that the difficatgfiknowing how we must
estimate the life by regarding it agealth as a sum taken ingame

9. If we suppose a Lottery where after the drawing the halfiefiiving die suddenly, &
the other live 100 years, 1000 years, &c. the expectatiohb&ib0, 500 years, &c. Who
is the man who would wish to put into this Lottery, & who bekel by putting into it, to
render his good lot worse, although by remaining in the @adirstate, higxpectatiorof
living, to whatever age that this be, is less than 50 years?

10. Now why in the first case is tHet really more disadvantageous than in the second,
which is the ordinary state, although the calculus givesifirst case the greatexpec-
tation? It is that in the second case the risk of dying is shared ol@gspace of time, &
that it is slight enough in each small part of this long tinmestead that in the second case,
this risk is found suddenlg in a very short time; a consideration which must enter into
the calculation, as all men likewise will make enter implici& which nevertheless all the
calculators have neglected.

11. It seems to me therefore that in every calculation on stienation of life, we have
not had enough regard to one thing, to the time which mustdpset between the moment
where we live, & to that where we can die; because, as | haeadyrobserved besides,
the risk of dying is so much less, all things equal besidegnmkie must live a longer time
before succumbing to this risk; a consideration which i€hery essential, & which puts
especially a great weight in the balance, when there is munest loss of life immediately
or in a few days. See on this subject tReflexions sur I'inoculationVolume 1l of my
Opuscules Matbmatiques& Volume V of my Mélanges de Philosophie

(G) 1. Before expanding this difficulty, it will not be usedeto propose another on it,
which is general for the estimation of mortality. It falls tme manner of preparing the
degrees of probability of life. If we can hold ourselves oattbf the ordinary rules of
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probabilities, & if we regard life as a kind of Lottery or garakchance, we will find that
theexpectatiorof each Player or man, is equal to the sum of the living peraptise end

of each yea R (fig. 1.) divided by the numbed K of living persons at the beginning

of the time AQ); that which gives the entire arebK £ divided by AK: that is, that the
expectatiorof each man is equal to the times which all these men mustdkerttogether,
these times being divided by the number of men; as in a Lotidrgre each player has
taken a ticket, thexpectatiorof each player is equal to the sum of the lots divided by the
number of tickets. It seems therefore, following this firgirmer so natural to consider the
thing, that the times that each man can expect to live, musbbeted equal to that which
we call commonlyhis mean life
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2. However there is another way also entirely plausible ts@er the question, which
gives another result. This is to seek the timeR, at the end of which there will die the
half of the living AK’; & to regard these times as the one which we can expect todiuee
we can wager evenly or one against one, who will be yet livintha end of these times.
This time AR is different from the one which gives threean life excepting in a single
case which has no place in nature: this is the case wheré) would be a straight line,
that is, where there would die each year an equal number sbpsr Now which must be
preferred of these two ways to estimate the duration of lB&th would appear equally
plausible, although they give some very different resuits. example, the duration of life
of newborn infants, is estimated, according to the first metlat 26 years nearly by the
calculations of Mr. Halley; & the duration of life of thesefamts, estimated according to
the second method, is around 8 yearSed the Table gathered at the end of the second
Volume of the Histoire Naturelle of Messrs. de Buffon & d’@ntmr). There comes from
this that there die a prodigious quantity of infants in thstfyrear of life.

3. By supposing this first difficulty resolved, that which wevi touched in our Mem-
oir®, will subsist further in all its force. We suppose thabe theexpectation of lifeeither
the duration of life, estimated from the one or the other efttho preceding manners; &
thata+c be theexpectation of liféor the inoculated. Itis clear® that the one which makes

3Translator’s note The question as to whether the immediate risk of death ieduby inoculation of the
small pox outweighs the long term risk of death without inatian.
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himself inoculated, acquires the expectation of life aftertimea, a number of years: ¢;

2°. that he risksg%, or, if we wish, in generai}; to sacrifice in a month, in 15 days, &,
so to speak, suddenly (because the one returns nearly tartefer a time so short) the
entire timea that he can expect to live. We could therefore regafdas the risk, & as
the expectation, if all things were equal besides. But iteisassary to remark’. that the
risk — 2 is incurred in the month, & for thus to say in the day; instezat the expectation
of life a numberc years, is rejected at the end of time And even when we would not
regard the expectationas diminished by the time at the end of which it is placed, we
can scarcely conceal ourselves that the risk is not increased by the little time during
which it is incurred, especially when the question is of,lifeat is, of the most precious
of all goods. Now by what reason is the risk> increased by this briefest of times? This
is on what we can only make some hypothe<¥slf the time a, at the end of which the
years of expectationtake place, attains up to an advanced age, as of 60 years & ihore
is evident, that during the yearswe will be subject to the infirmities of agedness; & that
thus the expectationmust be diminished in this regard: since the times which wenfie

is properly a time to subtract on the true duration of life,tha life properly so-called.
Now according to what law must this quantitpe diminished? It is again on what we can
only make some hypotheses, always vague & little satisfying



