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EDMOND HALLEY: ASTRONOMER AND ACTUARY
By GeorrFrey HEywooD, M.B.E,, F.1.A.,, F F. A, F R A.S.

EpMoND HALLEY, who was born in 1656 and died in 1742, is well known
generally because of the Comet which bears his name. He is not, however,
associated to any great extent with other activities and if it were not for the
Comet it is likely that most people today would never even have heard of him.
Outside the actuarial profession, and perhaps to some extent even within it, it is
not generally known that in 1693 he constructed a life table from the bills of
mortality in the German city of Breslau and then went on to calculate from that
table annuity rates on one, two and three lives. Reference to this was formerly
included in the introduction to the Year Book, but this has now been shortened
and the reference to Halley has disappeared.

Halley's Comet is due to return to the neighbourhood of the Earth and the Sun
at the end of 1985 and the beginning of 1986. The Comet moves around the sun in
a highly elliptical orbit which takes it out beyond the planet Neptune and it
returns to the Earth/Sun area on average every 75 or 76 years. The extremes of its
return are 79 years and 74 years, the variation being due in the main to the
gravitational -perturbations of the giant planets Jupiter and Saturn when the
Comet is in their vicinity. Tts last appearance was in 1910. In 1682, during
Halley’s lifetime, the Comet appeared as an object visible to the naked eye and
Halley computed its orbit and took the view that it was identical with the Comet
which was known to have been seen in 1607, some 75 years previously. It is
interesting to note that he consulted Sir Isaac Newton on the subject, and the
latter, surprisingly, took the view that the orbit was not elliptical and that the two
comets were not one and the same. Halley, however, was confident of his theory
and he therefore went on to predict that the Comet would return again in 1759
and this it did some 17 years after his death. He said, perhaps somewhat
modestly, that if the Comet should re-appear in 1759, when he knew he would no
longer be alive, he hoped that posterity would not refuse to acknowledge that this
was first discovered by an Englishman. When the Comet did appear in 1759 it
was immediately called Halley’s Comet and has been referred to as such ever
since and is by far the most famous periodic comet in the solar system.

Subsequent research has been carried out by many astronomers, who have
examined astronomical records of China, India, the Eastern Mediterranean and
Europe and it has been discovered that a comet has been recorded as appearing at
intervals of 75 or 76 years since 240 BC. A comet is recorded as appearing in 1059
BC and this again fits in with the periodic return of some 75 or 76 years. If the
appearance in 1059 BC is taken as the first recorded appearance then the return in
1985/86 is no less than the 42nd appearance, of which, since that in 240 Bc, only
one return has been unobserved. Interesting returns are as follows:
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Year Remarks
12 B¢ Contrary to popular myth, Halley’s Comet was certainly not the ‘Star
of Bethlehem’.
66 AD Halley’s Comet could be the sword hanging in the sky which foretold
the destruction of the Temple in Jerusalem.

684 AD The earliest recorded drawing of the Comet, on its 684 AD visit, is
recorded in the Nurnberg Chronicles, published in 1493.

837 ap The most spectacular return of Halley’s Comet, when its brightness
was equal to that of the Planet Venus and its tail extended 93 degrees
across the sky.

1066 AD The Comet is recorded in the Bayeux Tapestry, woven to commemor-
ate the Battle of Hastings.

1301 Ap It was seen by Giotto, a Florentine artist, who painted ‘The
Adoration of the Magi’ and included the Comet in the painting. It is
interesting that one of the Halley’s Comet Probes launched this year
has been called ‘Giotto’.

1682 AD Observed by Edmond Halley himself between August and September.

1759 ap The first predicted return.

1835 Ap  Widely observed.

1910 Ap  Again widely observed and the last appearance.

The Comet, which even in 1910, was not located until a few months before it
became visible to the naked eye, has already been found aslong ago as 16 October
1982 by the sophisticated instruments and photographic procedures which are
now available. It is expected to become visible to the naked eye about October
1985 and remain visible until March 1986. Unfortunately, this return is not
particularly good for observation from the Northern Hemisphere and astro-
nomers south of the Equator will be much better placed to see it.

The purpose of this note, however, is not primarily to discuss Halley as an
astronomer, or his Comet, but to refer to the investigation into the bills of
mortality of the City of Breslau, resulting in the publication of his life table and
also the first calculation using correct formulae of annuities on one, two and
three lives.

Before coming on to the Breslau tables, it is appropriate to record many other
activities with which this remarkable man was involved. These may be
summarized as follows: .

At the early age of about 21 he promoted a voyage and sailed to St Helena,
where he spent a year cataloguing for the first time the stars of the Southern
Hemisphere. On his return he was awarded an M.A. from Oxford University and
was also elected a Fellow of the Royal Society.

In 1685 he became Clerk, as it was then designated, of the Royal Society, an
appointment which corresponded to that of Secretary. At about this time he
visited Cambridge to see Sir Isaac Newton, who was preparing his memorable
work ‘Philosophiae Naturalis Principia Mathematica’ and although it was then
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almost complete, Newton seemed reluctant to publish this work. Halley, in his
capacity of Clerk of the Royal Society, impressed upon Newton the importance
of making his discovery available to the scientific world and he eventually
persuaded him to publish the Principia, and also met some of the cost of
publishing from his own private resources.

Although he was unfortunate in being overshadowed by the great genius of
Newton, he was nevertheless the first person to use Newton’s methods to
calculate the orbits of planets and comets and he could not have done this
without a thorough understanding of these new ideas.

From 1696 to 1698 he spent an unhappy period as Deputy Controller of the
Mint at Chester.

He returned to London in 1698 and immediately became interested in one of
the important problems of his day, namely that of determining one’s longitudinal
position at sea and, closely allied with this, the variation of the Earth’s magnetic
field in the South Atlantic. Very unusually, for a civilian, he was commissioned as
a Captain of one of His Majesty’s Ships and set sail in 1698, in HMS Paramore,
for a year’s voyage to research these matters. On his return he undertook a
second voyage in 1699, in the same ship, again to the South Atlantic, and not only
charted the magnetic variation in those areas, but also the various currents which
he discovered. His third and last voyage, in 1701, again in HMS Paramore, was
much shorter and was confined to making soundings, charting the direction of
currents and determining the magnetic variation in the English Channel.

He was also fascinated by the idea, as he called it, of ““‘walking under water”
and he wrote papers describing how a diving bell could be constructed and this
was eventually made and experiments carried out successfully.

Another area in which he was interested was that of archacology and history
and he wrote a paper entitled ‘A Discourse Tending to Prove at What Time and
Place Julius Caesar made his First Descent upon Britain’. As a result of his
research into the records of Caesar’s expedition and noting the details of an
eclipse of the Moon which occurred at that time, he reached the conclusion that
Caesar’s statement of when and where he landed was not correct.

In 1703 he was appointed Savilian Professor of Geometry at Oxford.

He became the second person to hold the appointment of Astronomer Royal, a
post which was created by King Charles IT in 1675 and Halley was appointed in
1721 and held it until his death in 1742,

Before discussing the Breslau mortality table, it is important to record that
while he was Professor of Geometry at Oxford, he wrote a paper on compound
interest and this was subsequently published in Sherwin’s Mathematical Tables in
1761 and reproduced in J.I.4. 9, 259. This paper sets out the basic principles of
calculating the fundamental functions of compound interest on correct princi-
ples.

It is, however, with his compilation of the Breslau mortality table and the
calculation by a correct method of annuity values that he will be remembered by
the actuarial profession. The two original papers which he wrote were published
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in Philosophical Transactions in 1693, Vol. 17, pages 596 and 654. Although these
papers were reproduced in modern Englishin J.1. 4. 18, 251-62, they are not very
readily available in their original form and so are reproduced again at the end of
this note in facsimile form, with the kind permission of the Royal Society.

Halley was not the first to produce statistics from bills of mortality. Earlier
work had been carried out by John Graunt on bills of mortality of the City of
London and his results were published in the year 1662. He did not, however,
attempt to calculate annuity values, but his publication, namely ‘Natural and
Political Observations made upon The Bills of Mortality’, may be regarded as the
foundation of the science of demography. Full details of John Graunt are set out
in J.I.A. 90, 1-61.

Annuity values had been calculated earlier, in 1671 by Johannes de Wit, who is
described as the Grand Pensionary of Holland and West Friesland, an office
virtually equivalent to that of Prime Minister. A tile plaque of Johannes de Wit
was presented to the Institute, on the occasion of the Centenary Celebrations in
1948, by the Actuarial Genootschap of Holland and is now displayed in the
Redington Room. The method which he used is set out at some length by
Frederick Hendriks in J.1.4. 2, 121 & 222 and J.1.4. 3, 93. Suffice it to say here
that the formula which de Wit used to calculate annuity values, and which is
theoretically inaccurate, is not precisely correct unless /, is 0. The formula is

w—1l—x

1
ale— z dx+tat

=0

Moreover the annuity values are cumbersome to calculate and the mortality rates
which he used were empirical, thereby giving satisfactory results.

There is also an extensive reference to the efforts of de Wit and Halley in an
article by T. B. Sprague on annuities, which appeared in the 9th Edition of the
Encyclopaedia Britannica in 1875. Again, for those who want to pursue the
history of the subject in greater depth, reference should be made to that article,
but this note may conveniently end by quoting Sprague himself, when he says:
“de Wit’s report being thus of the nature of an unpublished state paper, although
it contributed to its author’s reputation, did not contribute to advance the exact
knowledge of the subject; and the author to whom the credit must be given of first
showing how to calculate the value of an annuity on correct principles is Dr.
Edmond Halley, FRS”.

Finally, it is interesting to note that the premium rates used by the Amicable
Society, in its prospectus published in 1790, were based on the Breslau table and
in the prospectus it was reproduced in full.



Edmond Halley: Astronomer and Actuary

(596)

An Eftimate of the Degrees of the Mortality
of Mankind , drawn from curions Tables
of the Births and Funerals at the City of
Breflaw 5 with an Attempt to afcertain the

Price of Annuities upon Lives. By Mr. E.
Halley, R.S.S.

HE Contemplation of the Mortality of Mankind,

has befides the Moral, its Phyfical and Political

Ules, both which have been fome years fince moft ju-
dicioufly confidered by the curious Sir William petty, in
his Naturaland Political Obfervations on the Bills of
Mortality of London, owned by Captain Fohn Grauns.
And fincein a like Treatife on the Bills of Mortalit l;f
D ] .
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Dublin. But the Deduction from thofe Bills of Mor.
tality {eemed even to their Authors to be defe@ive:
Firft, In that the Number of the People was wanting,
Secondly, That the Ages of the People dying was not
to be had. And Laftly, That both London and Dublin
by reafon of the great and calual Acceffion of Strangers
whodie therein,(as appeared in both, by thegreat Excefs
of the Funerals above the Births) refidred them incapable
of being Standards for this purpole ; which requires, if
it were poflible, that the People we treat of fhould not
at all be changed, but die where they were born, with-
out any Adventitious Increafe from Abroad, or Decay
by Migration elfewhere.

This Defect feems in a great meafure to be fatisfied
by the late curious Tables of the Bills of Mortality at
the City of Breflaw, lately communicated to this Ho-
nourable Society by Mr. fuflell, wherein both the Ages
and Sexes of all that die are monthly delivered, and
compared with the number of the "Births, for Five
Years lalt paft, viz. 1687, 88, 89, 90, 91, feeming to
be done with all the Exanefs and Sincerity pof
fible.

This City of Breflaw is the Capital City of the Pro-
vince of Siefia; or, as the Germans call it, Schlefra,
and is {cituated on the Weftern Bank of the River Oder,
anciently called Piadrus ; near the Confires of Germa
and Foland, and very nigh the Latitude of London,
It is very far from theSea, and as much a Mediterra-
nean Flace as can be defired, whenc: the Cenflacnce of
Strangers is but {mall, and the Mana‘aGuic of Linncn
employs chicfly the peor Pecple of the place, as weil
as of the Country round about ; whence comes that
fort of Linnen we ufbally call your Selefie Limen: which
is the chicf, it' not the only Merchandize of the r! e

e

For theie Realons the People of thisCity fiem mott pro-
¢ 2 per
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per for a Standard ; and the rather, for that the Birsh;s
do, a fmall matter, exceed the Fumerals. Tp- opl:
thing wanting is the Number of t'e whole Peopie,
which in fome meafure 1 have endeavoured to Lanply
by comparifon of the Mortality of the People or all
Ages, which I fhall from the faid Bills trace out with
ali the Acuracy poffible.

It appears that inthe Five Years mentioned, v/,
from 87 to 91 inclufive, there were born 6193 Per-
fons , and buried §869 ; that is, born per Annum
1238, and duried 1174 ; whence an Encreafe of the
People may be argued of 64 per Amnum, or of about
a 20th part, which may perhaps be ballanced by the
Levies for the Emperor’s Service in his Wars.  But this
being contingent, and the Births certain, 1 will {uppofe
the People of Breflaw to be encreafed by 1238 Barzhs
annually. Of thefe it appears by the fame Tables,
that 348 do die yearly in the firf? Tear of their 4ge, and
thatbut 890 do arrive at a full Tears Age; and like-
wife, that 198 do die inthe Frve Tears between 1 and
6 compleat, taken at a Medium ; {o that but 692 of the
Perfons born do {urvive Six whole Tears. From this

Age the Infants bcin§ arrived at fome degree of Firm- -
e

nefs, grow lefs and lefs Morzal ; and it appears that of
the whole Peopleof Breflaw there dic yearly, as in the
tollowing Table, wherein the upper Line thews the Age,
and the next under it the Number of Perfons of that
Age dying yearly.
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sl oLy L0 s (a7 A8 39l
pEnd L. s 64 89 . 8.7 ..

$6. B 4 49949556 . 63
S 8.0. 7.9, 10119, 9.710.1%

JToO9e .98 oy 81 84, 90 9.
S} g 9. 309 6.7 3 42 1. k. 1.

98 . 99 . 100.

O * T . '}

And where no Figare is placed over, it is to be undler-
ftood of thofe that die between the Ages of the pre-
ceding and confequent Column.

From this Table it is evident, that from the Age of
9 to about 2§ theredoes not dic above 6 per Ammum of
each Age, which is much about one per Cent. of thofe
that are of thof¢ A4ges : And whereas in the 1.y, 15,16,
17 Tears there appear to die much fewer, as 2 and 33,
yet that feems rather to be attributed to Chaace, as
are the other Irregularities in the Series of Ages, which
would rectifie themfelves, were the number of Years
much more confiderable, as 20 inftead of 5. And by
our own Experience in Christ-Church Hofpital, 1 am
informed there die of the Toung Lads, much about onc
per Cent. per Awnum, they being of the forefaid Azes.
From 25 to 5o there feem to diefrom 7to 8 and ¢
per Annum of each Age ;and after that to 70,they grow-
ing more crafie, though the number be much dimunifh-
ed, yetthe Mortality encreafes, and there are found to
die 10 or 11 of each Age per Amim : From thence the

pumber of the Living being grown very fmall, they
gradu-
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gradually decline till there be none feft to die; as may

be feen at one View inthe Table.

From thefe Confiderations| have formed the adjoyn.
ed Table, whofe Ufes are manifoid,and give a more juft

Idea of the State and Condition of Mankind , than
any thing yet extant that [ know of. Itexhbits the

Number of People in the City of Breflaw of all Ages,

trom the Birth to extream Old Age; and thereby fhews
the Chances of Mortalsty at all Ages, and likewife

how to make a certain Eftimate of the value of Ammui-
ties for Lives, which hitherto has been only done by

an imaginary #aluation: Alfo the Chances that there

are that a Perfen of any Age propofed does live toany
other Age given ; with many more, as I fhall hereafter

thew. This Zable dces thew the number of Perfons that

are living in the 4ge current annexed thereto, as fol

lows :

_\g;l'.‘- i Per- iAge. [Per- Age. Por- Age. Per-| Aget Por-
Curt. | ons. [Curt. E:::__!_‘r_r.!l:(ziﬂ_lr_r.ll?ma (_‘,_-.Lri!,f'ans
1 lloco, B |58 1s 628 22 /(85| 29 i$39
2 | 855 o (670 16 6.2] 23 57| 30 [$31
3 ! 798 10 (351, K7 615 24 573 g:{g:;
4 7%l 11 1653 18 630 25 567 32 ‘15
s | 732 12 |545 19 604! 26 's6c| 33 507
6 . 710l 13 [640 20 558 27 ($53| 34 1495
7 852 13 634 a1 o

28 546 35 45¢

Age-.
Curr,

38

fons. [Curs [fons Cuntfons jCure tons o, fons
bk Jhinkidpfpatmibei L kil

Per- |Age, %Vﬂ“ Agc. Pere| geiPoi=lAge Perc}

\417: 5o (345 57 273 63 222 71 13
407, st (335 s3 '262] 65 192| 72 12¢
' 337 53 324 §9 242 65183 73 10¢

7 | 377 $4 1302 61 232 63115ﬂ 78 | 8¢
1 '

43
a4
45
45 387 53 313 80 243l 69 472 74 ;€8
‘:q
8
49

347} §5 292 62 '223) 69 l152| 76 | 78
357 <6 12321 63 2u42) 70 l14a] 77 ' 63

Thaus it appears, that the whole People of Breﬁm
Joes confift of 3400t Se:ls, beingthe Sum Toral of the
Perlons of all Ages inthe Zable: The fielt wic hereof

1€
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is to fhew the Proportion of Men able to bear Arms in
any Multitude, which are thofe between 18 and 56, ra-
ther than 16 and 6o; the oae being generally too weak
to bear the Fatigues of War and the Weight of Arms,
and the other too crafic and infirm from A4ge, notwith-
ftanding particular Inftances tothe contrary. Under 18
from the Table, are found in this City 11997 Perfons,
and 3950 above §6,which together make 15947.50 that
the Refidue to 34000 being 18053 arc Perfons between
thofe Ages. At lealt one half thercof are Males, or
9027 : So that the whole Force this City can raife of
Fencible Men, as the Scotch call them, is about 9000, or
33, or fomewhat more than a quarter of the Number
of Souls, whichmay perhaps pafs for a Rule for all
other places.

The Second /e of this Table is to thew the differing
degrees of Mortality,or rather Vitality in all dges ; for
if the number of Perfons of any Age remaining after
one year, be divided by the difference between that
and the number of the Age propofed, it fhews the odds
that there is, that a Perfon of that Age does not dic in
a Jear. As for Inftance, a Perfon of 25 Tears of Age
has the odds of 560 to 7 or 80 to 1, that he does not
diein a Tear : Becaufe that of 567, living of 25 years
of Age, there dodie no more than 7 in a Zear, leaving
560 of 26 Years old.

So likewife for the odds, that any Perfon dces not
dic before he attain any propofed Age: Take the mumber
of the remaining Perfons of the Age propofed, and di-
vide it by the difference between it and the numter of
thofe of the 4ge of the Party propofed ;and that fhews
the odds there is between the Chances of the Party's
living or dying. As for Inftance ; What is the odds
that a Man of 40 lives 7 Years : Take the number of
Perfons of 47 years, which in the Table is 377 {?Jrid
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fabflract it from the number
which is 445, and the 44
thiat the Perfons dying in that
that it is 377 to 68 or 55 t0 I
live > Years. And the like for
Tears. .

/e L. Bue if it be enqu
Zears, itis an evenLay that a
die, this Table readily perforn
of Perfons living of the Aze propoied be
be found by the 7able at what Year the
reduced to half by Mortality ; and
whichit isan even Wager, that a P
propofed fhall arrive betore he die. .
A Perfon of 30 Years of Age is propo
of that Ageis 531, the half thereof is2
Ler I find to bebetween 57 and 58 Year.
of 30 may reafonably expect to liv
28 Years. : i

Z/e1V. By what has been faid, the
rance upon Lives ought to be r
rence 1s difcovered berween t
Life of a Man of 20 and 50, f
rooto 1 that a Man of 20 dies
28 to1fora Manof 50 Years ¢

Zfe V. On this depends the
vpon Lives; for itis plain ih
pay for only fuch a part of the v;
he has Chances that he is living
comprred yearly, and the Su
Lics being added together,
the dnruity for the Life
the prefent value of Mon
at any given rate of In
Tublesaiready computed
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by the Table of Logarithms : For the Arithmeiical
Complement of the Logarithm of Unity and its yearly
[atereft (that is, of 1, ©6 for Six per Cewt, being
9, 97.15694.) being multiplied by the numler o1 ycais
propoled, gives the prefent value of One Pouad povias
vic atter the end of {o many years Theaby the iorugoumn:
Propotfition, it will be as tiie number of Periins Lv
after that term of years, to the number dead ; 0 are
the :Odds that any one Perfon is Alive or Dead. Ard
by confequence, as the Sum of both or the rumber of
Perfpns living of the Age firft propofcd, totie number
remaining after fo many years, (both given by the Te-
ble) fo the prefeat value of the yearly Sum payable ai-
ter the term propofed, to the Sum which ought to be
paid for the Chance the perfon has to enjoy {uch an An-
nuity after {o many Ycars. And this being repeated
for every year of the perfons Life, the Sum of &l the
prefent Values of thofe Chances is the true Value of
the Annuity. This will without doubt appear to be a
moft laborious Calculation, but it being one of the prin-
cipal Ufes of this Speculation, and having found fome
Compendia for the Work, I took the pains to computethe
following Table, being the fhort Refult of a not ore
dinary number of Arithmetical Operations; It fhews
the Value of Annuities for every Fifth Yearot Age, tc
the Seventieth, asfollows.

”
o

v
i

3
i
.

-
.
.

Age.[ Years Purchale , Age.| Year Purchafe.| Age.|Yean Purchafe.’
I 10,208 25 12,27 50| 9,21 i

| 8} 1340 | j0! 4y 551 851 l
10 13,44 35 11,12 60| 7,60

151 13,33 | 40| 10,57 | 65| 6,54

20| 12,78 | 45 991 | 70l §,32

D This
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‘This fhews the grear Advantage of putting Money
into the prefent Fund lately granted to their Majefties,
giving 14 per Cent. per Annum, or at the rate of 7 years
purciwafe tor a Life; when young Lives, at the ufual rate
ot Iatereft, are worth above 13 years Purchafe. [t
:hews Likewife tie Advantage of young Lives over thofe
1n ears ; a Liie of Ten Years being almoit worth 133
years purchafe, whereasone of 361s worth but rx.

Zfe V. Two Lives are likewile val;;able_ b}j the (ame
Rule ; for the number of Chances of each fingle Lije,
found in the Table, being multiplied together, become
the Chances of the Two Lives. And aiter any certain
Term ot Years, the Product of the rwo remaining Sums
is the Chancesthat both the Perfens are living, Ti¢ Pro.
dué of the two Differences, Leing the numbers of the
Dead of both Ages, are the Chances that Loth the Per-
fons are dead. And thetwo Products ot th remainin
Sums of the one Age multiplied by thofe dead of the
other, fhew theChances that there are thut eaca Farry
furvives the cther : Whence is derived the Rule to zfhi.
mate the value of the Remainder of one Liie alier an-
other. Now asthe Produdt of the Two Numbers i
the Table for the Two Ages propofed, 15 to the diffe-
rence between that Produ@ and the Product of the
two numbers of Perfons deceafed in any fpace of rime,
{ois the value of a Sum of Money to be paid aiter fo
much time, to the value thercof under the Contingency
of Mortality. And as the aforelaid Produtt of the twa
Numbers anfivering to the Ages propofed, to the Pro-
duct of the Decealed of one Age multiplied by thofe
remaining alive of the other ; So the Value of a Sum of
Money to be paidafter any time propofed, tothe value
of the Chances that the one Party has that he furvives
the other whofe number of Deceafed you made ufe of,
in the fecond Term of the proportion. This perhaps

may
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may be better underftood, by putting N for the num-
ber of the younger Age, and » for that of the Elder ;
7, y the deceafed of both Ages refpectively, and &, »
for the Remainders; and R4-7=Nand rd=y = ».
Then fhall N » be the whole number of Chances;
N »— T ybe the Chances that one of the two Perfons
is living, Ty the Chances that they are both dead ;
R y the Chances that the elder Perfon is dead and the
younger living ; and r 7" the Chances that the clder 1s
living and the younger dead Thus two Perfons of 18 and
35 are propofed, and after 8 years thefe Chances are re-
quired. The Numbers for 18and 35 arc 610 and 490,
and thereare 5o of the Firft Age dead in 8 years, and
73 of the Elder Age. THhere arein all 6x0x 490 or
298900 Chances ; of thefe there are 50x 73 or 3650
that they are bothdead. And as 298900, to 298gco
—3650, or 295250 : So is the prefent value of a Sum
of Money to be paid after 8 years, to the prefent value
of a Sum to be paid if either of the two hve. And as
560 x 73, fo are the Chances that the Elder is dead,
leaving the Younger; and as 417x50, fo are the
Chances that the Younger is dead, leaving the Elder.
Whereforeas 610x 490 to s60x73, {ois the prefent
value of a Sum to be paid at eight yearsend, to the
Sum to be paid for the Chance of the Youngers Sur-
vivance ; and as 610X 490 to 417X 50, fo is the fame
prefent valueto the Sum to be paid for the Chance of
the EldersSurvivance. !

This pofiibly may be yet better explained by ex-
pounding thefe Products by Rectangular Parailelo-
grams, as in Fig. 7. wherein 4 B or C D reprefents the
number of perfons of the younger Age, and DE, BH
thofe remaining alive after a certain term of years;
whence ¢ E will anfwer the number of thofe dead in
that time: So 4C, B D may reprefent the number;_

D2 0
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of the Eldsr Age ; 4 F,B Ithe Survivors after the fame term;
and CF, D1, thole of that Age that are dead at tha: time,
Then fhall the whole Parallelogram A BC D be Nu, or the
Produé of the two Numbers of petfons, reprefenting fuch a
number of Perfons of the two Ages given ; and by what was
{aid before, after the Term propoled the Re&angle H D fhall
b2 as the number of Perfons of the younger Age thac furvive,
and the Reétangle £ E as the number of thofe that die,
So likewile che Re@angles AL FD fhall be as the Numbers,
living and dead, of the other Age. Hence the Re@angle H]
halibe as an equal number of both Ages furviving. The
Re&angle FE being the Produ& of the deceafed, or 'y, an
equalnumber of beth dead. The Re@angle GD or Ry, a
number living of the younger Age, and dead of the Elder:
And the Petangle 4G or r Y anumber living of the Elder

Age, but dead of the younger. This being underftood, it

is obvious, that as the whole Re&angie 4D or N isto
the Gnomon FABDE Gor Nun— Ty, {0 1s the whole num-
her of Perfons or Chances, to the number of Chances that
one of the two Perfons is living: Andas A Dor N#nis to

FE or Yy, fo are all the Chances, to the Chances that both
are dead; whereby may be computed the value of the Re-

verfion after both Lives. And as 4Dto GD or Ry, {othe
wholz numbzr of Chances, to the Chances that the younger
is living and the other dead ; whereby may be ‘caft up

what value ought to be paid for the Reverfion of one Lite

after another, as in the cale of providing for Clergv-mens
Widows and otheis by fuch Reverfions. And as 4D to 4G
or r 7, {oare 2ll thi2 Chances, to thofe that che Elder furvives

the younger. I have been the mnre particular, and pechaps e-
dious, in this matier, becaufe ic is the Key to the Cafe of
Threc Lives, wiich of it felf would ot have been fo cafie

te com:rehena, :

Vil. It Three Lives are propofed, to find the value of an

Annuity during the continuance of any-of thofe three Lives.
The Ruiz is, s the Produét of the continual multiplication of the
Three Numoers, in the Table, anfwering io the Ages provofed,

is to the differcnce of that Prodult an of the Produtf o the

Tbree Numbers of the deccaed- of thae Ages, in any grvem

term of Yews; So is the prelent value of a Sum of Aﬂ’sﬂz
so be paid certainly ajter [ smany Years, to the prefent value of t
Jams
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{amme Sum tobe paid, provided ome of thofe torce Perfons be lrving
at the Expiration of that term. Which proportion being year-
ly repeated, the Sum of all thofe prefent values will be the
va'ue of an Annuity granted for three fuch Lives. Butto
explain " this, togerher with all the Cales of Survivance in
three Lives: Let N be the Number in the Table for the
Younger Age, » for the Second, and » for the Elder Age ;
let T be thof: dead of the Younger Age in the term propo-
fed, y thofe dead of the Second Agz, and v thofe of the El-
der Agz; and let R ke the Remainder of the younger Age,
» thar of the middie Age, and ¢ the Remaifider of the El-
der Age. ‘Then fhall R-=7be ¢qual to N, r~-yton, and
¢-l-v o 4, and the coninual Produét of the three Numbers
N nv fhall bs equal to the continual Predudt of R -7
X #-1=7 x g-b-v,which being the whole number of Chances for
taree Lives is compounded of the eight Produéts fellowing.
(1) R7¢, which isthe number of Chances that all three of
the Perfons are living.  (2) r¢ ¥, which is the namber of
Chances that the two Elder Perlons are living, and the youn-
ger dead. (3) Rpy the number of Chances that the middle
Age is dead, "and the younger and Elder living. (4) Rrv
being the Chances that the two younger are living, and the
elder dead. (5) 57y the Chancesthat the two younger are
dead, and the elder living. (6) rYv the Chances that the
younger and elder are dead, and the middle Age living.
(7) R yv, which are the Chances that the younger is living,
and the two otherdead. And Laftly and Eightly, 7'y v,
which are the Chances that all three are dead. Which laceer
fubftragted from the whole number of Chances N#v, leaves
N#ny—7 yv the Sum of all the other Seven Prcduds ; in all
of which one ar mo:¢ of the three Perfons are furviving.

To make this yet more evident,] have added Fig.8. wherein
‘hefe Eight fevera! Produds are at one view exhibited. Let
the recangled Parallclepipedon 4 B C D E FG Hbe conftita-
ted of the fides A4 2, G H, &c. proportional to IV the ausi-
ber of the younger Age ; A C, BD, & propdricnal to 3 3
and 4 G, CE, ¢ proportional to the number of :he Flder
or v. And the whole Parallelepipedon fhall be as she Produc:

*7# v, orour whole number of Chances. Let 87 beas R,
and AP asT. letCLbeasrand Lnasy; and G Nav g, and
N A asvj and et che Plain P Re s be made pasalict to the

l‘“‘ ¥iia)
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ain AC GE; theplain NV b parallel to 4BC D; ang
?he phain LX7Q pagl:l’lel to the plain 4B GH. And oot firft
Produ@ R r ¢ fhall be as the Solid STHWIFZ eb. The Se-
cond, or r¢2 willbe as theSolid EXYZe Q SMI  The
Third, R¢y, asthe Solid RHOVIW1S 7. And the Fourth,
R ru, asthe Solid Za b D XIK. Fifthly, ¢ T'y, as the S¢-
lidGQRSIMNO. Sixthly, r2v,as IKL MGYZ A, Se-
venthly. Ry v, asthe Soiid IKPO BXVW. And Lafty,
A1KLMNOP will be as the Proedué of the 3 numbers of
perfons dead, or "y v. I fhall not apply this in all the cafes
thereof for brevity fake ; only to fhew in one how all the reft
may be performed, letit be demanded what is the valge of
the Reverfion of the younger Life after the two elder propofed,
The proportion is as the whole number of Chances, or N g,
to the Proda& Ry v, fo is the certain prefent value of the
Sum payable after any term propofed, to the value duc to
fuch Chances asthe younger perfon has to bury both the el.
der, by the term propofed ; which therefore he is to pay for,
Here it is to be noted, that the firft term of all thefe Pro-
portions is the fame throughout , wiz. N#nv. The Second
changing yearly according to the Decreale of R, r, ¢, and En.
creaf§ of 7, y,u. And the third are fucceflively the prefent
values of Money payable after one, two, three, c~. years,
according to the rate of Intereft agreed on. Thefe numbers,
which are in all cafes of Annuities of neceffary ufe, I have
put into the following Table, they being the Decimal values
of One Pound payable after the num%er of years in the
Margent, atthe rate of 6 per Cent.

Years
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Years. Prefent va- Years.| :
lueof 1 &j . lve
1109434 | 19 |
2 | 0,8900 | 20
3 |0,8396 | 21
4 107931 | a2
5 197473 | 23
6 | 0,7950 ' 24
7 | 0,6650 | 25
8 |0,6274 | 26
9 19,5919 | 27
10 | 0,5584 ; 28
1I 10,5268 | 29
12 10,4970 | 30
: 13 &°)4688 % 31
! 14 .03443"; 32
i 1y 54193 1 13
16 0,3936'| 34
17 10,3714 | 35 | ;,
18 'o,350% [ 36 }o,1227 i |

it were needlefs to advertife, that the great trouble of
working lomany Propoitions will be very much alleviate:d by
afing Logacithms ; and that inftead of ufing N ny—2'y v ior
ihe Second Term of che Proportion in finding the valus of
Three Lives, it may {uffice to ufe only 'y v, and then de-
duéing the Fourth Term fo found out of the Third, the
Remainder fhall be the prefent value fought; or all thefe
Tourth Terms being added together, and deducted out of the
value of the certain Annuity for fo many Years, will leave
the valueof the contingent Annuity upon the Chance of
Mortality of all thole three Lives. For Example; Le:
there be Three Lives of 10, 30, and 40 years of Age prope-
fed, and the Propo:tions will be thus :

As 661 in §31 in4450r 156190594, or Nu s
to2in 8 in 9, or 576, 0r Yy o for the firft year, (0 0 6434.10 « 0C0248
t0 15 i6 16 in 18. or 4320, for the fecuind yean 0 o, 8y00, 13 c,cLccagb.
102i:Da4in28, or 14112 for the third ycar, fo ¢, 8565 e eoenBrad

to27 a2 221n 38,  for the forith year, 00 Tg.1 L EOCIo
10 351h 41 ia 48, for the fitth year , 10 © 7473 1D G00021074
0 35 {tt suin <8, for the fixch year, 5 0,100 (0 OCOS IO

&A.a(; +
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And fo forth to the 6cth year, when we fappofe the eldcr
Life of Forty certainly tobe expired ; from whence till Se-
venty we muft computs for the Firft and Second only, and
from thence to Ninety for the fingle youngeft Life. Thenthe
Sum Total of all thefe Fourth Proportiona's being eaken out
of the valueof a certain Annuity for go Years, being 16,58
years Purchafe, fhall leave the jult value to be paid for an
Annuity during the wholg term of the Lives of three Perfons
of the Ages propofed. And note, that it will not b2 necef-
fary to compute for every year fingly, but that in moft cafes
every 4th or gth year may fuffice, interpoling for the inter-
mediate years fecundum artem. _

It may be objected, that the different Salubrity of places
does hinder this Propofal from being wniverfal; nor can it be
denied. But by the number that die, being 1174. per Annum
in 34000, it does appear that about a 3oth part die yearly, as
Sir William Petty has computed for London ; and the number
that die in Infancy,is agood Argument that the Air is but in-
differently falubrious. So that by what I can learn, there can-
not perhaps be one better place propofed for a Standard.  Ac

leaft ’tis defired that in imitation hereof the Curious in other
Cities would attempt fomething of the fame nature, than

which nothing perhaps can be more ufeful.
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I. Some further Confiderations on the Breflaw
Bills of Mortality. By the fame Hand, &c.

S IR,

Hat I gave you inmy former Difcourfe on thee
W Bills, was chiefly defigned for the Computation
of the Valuesof Annuitieson Lives, wherein I believe |
have performed what the fhort Period of my Obferya.
tions would permit, in relation to exacnefs, but at the
fame time do earneftly defire, that their Lcarned Author
Dr. Newman of Breflaw would pleafe to continue them
after the fame manner for yet fome years turther, that
{o the cafual Irregularities and apparent Dif¢ordance inthe
Table, p. §99. may by a certain number of Chances be
rectified and afcertain’d.

Were this Calculus founded on the Experience of a
very great number of Years, it would be very well
worth the while to think of Methods for facilitating the
Computation of the Value of two, three, or more
Lives; which as propofed in my former, feems(as 1am
inform’d) a Work of too much Difficulty for the ordi.
nary Arithmetician to undertake. I have foughe, if it
were poffible, to find a Theorem that might be more
concife than the Rules there laid down, but'in vain ; for
all that can be done to expedite it, is by Tables of Lo-
garithmsready computed, to exhibit the Ratiowes of N
to 7'in each fingle Life, for every third, fourth or fifth
Yearof Age, asoccafion fhall require ; and thefe Loga-
rithms being added to the Logarithms of the prefent
Value of Money payable after {o many Years, will give
a Scriesof Numbers, the Sum of which will fhew the
Value of the Annuity fought. However for each Num-
ber of this Series two Logarithms for a fingle Life,three
forewo Lives, and four f§r three Lives, muft nmfﬁrig
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be added together. If you think the matter, uader the
uncertainties | have mentrooed, to deferve it, I fhall
fhortly give you fuch a Table of Lo?zrithms as I (peak
of, and an Example or two of the ufe thereof : But by
Vulgar Arithmetick the labour of thefe Numbers were
immenfe ; and nothing will more recommend the ufe-
ful Invention of Logarithms to all Lovers of Numbers,
than the advantage of Difpatch tn this and fuch like
Computaiions.

Befides the ufes mentioned in my former, it may per-
haps not be an unacceptable thing to infer frem thefame
Tables, how unjuftly we repiae at che thortaels of our
Lives, and thiak our felves wronged if we attain not
Old Age; whereas it appears hereby, that the one half
of thole that are born are dead in Seventeen years time,
1238 being in that time reduced to 616. So that iaftead

of murmuring at what we call an untimely Death, we

bt with Patieace and unconcern to {ubmit to that
Diflolution which is the neceffary Condition of our pe-
rifhable Materials, and of our nice and frail StruGure
and Compofition: And to account it asa Bleffing that
we have furvived, perhaps by many Years, that Period
of Life, whereat the one halt of the whole Race of
Mankind does not arrive.

A fecond Obfervation [ make upon the faid Table, is
that the Growth and Encreafe of Mankind is not fo much
ftinted by any thing in the Nature of the Species, as it
is from the cautious difficulty moft People make to ad-
venture on the (ate of Marriage, from the prolpeét of
the Trouble and Charge of providing for a Family. Nor

‘are the poorer fort of People hereinto be blamed, fince

their difficulty of fubfifting is occafion’d ll‘)l'y the unequal
Diftribution of Poffeffions, all being neceffarily fed from
the Earth, of which yet fo few are Mafters. So that be-
fides themfelves and Families, they are yet to work for
thofe who own the Ground that feeds them: Anic} of

uch
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fuch does by very much the greater part of Mankind
confift ; otHerwile it is plan, that there might well be
four times as many Births as we now find. For by ¢om-
putation from the Table, I find that there are nearly
15000 Perfons above 16 and under 45, of which at leaft
7000 arc ‘Women capable to bear Children. = Of thefe
notwithtanding there are but 1238 born yearly, ‘which
18 but little more than a fixth part+ So that aboat one in
fix of thefe Women do breed yearly ; whereas were they
all married, it would not appear ftrange or unlikely,
that four of fix fhould bring a Child every year. The
Political Confequences hereof T fhall not wfift on, onl
the Strength and Glory of a King being in the multit
ot his Subjects, I{hall only hint, that above all things,
Celibacy ought to be difcouraged, as, by extraordinary
Taxing and Military Service : And thofe who have nu-
merous Families of Children to be countenanced and em
couraged by {uch Laws as the Fus trium Liberorum a-
mong the Romans. But efpecially, by an effectual
Care to provide for the Subfiftence of the Poor, by find-
ing them Employments, whereby they may earn their
Bread, without being chargeablt to the Publick.

L. What
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