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WYL o Sbarch of an Awalucis ud Nalation eiplicabds fo e
estiseatics of e valir of Life Condimgemcees, 29 Puejaans

Gonrcwrz, By, RS,
]_-te&uiljune 25, 1824,

T sslimation of e valoe of Breperis, eownected with
lile remtinpeocies, bas for many Friry ooruricd she attention
of the philesophers, ws well se the moivd aod Tded Duksrese
ef thiz coumry. “T'he many institndoens now cxisting in Dng-
land, for the purpose of prenting annuitivs and zszorances on
lives, are & aufficient evidenze that chey are conceived tn yield
advantages to the communiiy :madvantages which spen fo
proecot themselvea i twoe points of view ; the one, (he grillie
acoring o Lhe parder granting che assmwnce or otlier ob-
jeccy tre other, 10e henefil o he received by perecns pors
chn&iug those grants,  In oo pnlivical peine of wiew, it apeezars
& quusden of provat lwportatee e dedds, wlis onghe to be
tiwz demende of thaee companies, s that the gublic way reap
ther preates: berofit from them P And the only meane ol
answering chis ouestion, iz che posscezion of the mathemati-
el and plilosophical principles, by which tiose inatitutions
aught to be puided.  1n the present improved state of the
soience of lifc azeorances, it 35 not sufficient for & proper ro-
gruladon to folloer 0ld cwstoms, wod culeuwlanuis, drawn from
it Tese pertect experienca than we Dave now the mens of
ulbining ¢ but evory company, to Peap the advantge of the
progressive state of the scienee, shonld nol omlv possces
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every knowlaedge relative to Lhis scisnce, which it may be
withizn its iinmedizie power to acquire, et it should promul.
gate its individoal infarmation ; that the aclwaries of the
different scciedies may, hy their mathematical skill, collect
ft the comman good of all, fram multislied mesources, that
which they cannut abtain from 2 less general observarion, 1
am induced ta ventiors (s Bod, as s ooy iem belief, that
the tahles generally adepted, might, by thiz means, receive
tnany extremaly necesmary covrectioms; for those ralbes
should be as actuarate a5 they can possibly be made, and the
intereat shignld B caloolated at that race which shall apoesr
to be the average interezt ta be made for maney ; Lt such
addlitinnal demands should be made hy the cofnpaby or inssd-
tutian, as te leave tn adequate poetion for its scouvicy, profie,
and vxpensvs ; for it doca not seem possible, in the varions
baneficial applicatiang which can he mada o a proper
ktwvrledpe of this branch of the toathcmabes, i judge uni-
versally how te adopt takfes of mortality, which are not
correst in themselsas, connected with a vate al kkerest which
i5 ot the aversge rale mnade in reality, so that the advantage
may toed to any one directlon.  In grantng essurances on
lives, it is a practice to uge 8 certain table of mortalicy, and
to caloulare ab a cardain vate ol meeresl, withaul rekiGE any
additional charge; in the presumption, that the tahles arc in
thamnaelves dneorrece, but that their deviatlon frore the trath,
i# in favour of the saciety ; and that the intcrest of moncy ia
lezs than ihat which they can really make: hut such a plan
dues nal gppeir to me sullicisnily shientitic, to be Tullowed by
eranpinues voncerned with life contmprencies genemlly. It is
not 1y intention in the paper 1 have at peesent the honoup
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to presoot to this profoundly learned Society, to offer my
opinion on the rutes of mortality 3 but my clyjeet is to propose
a plan al zealysis and notalion, wlhich [ eoncejve mayr be
applied with wtility to most preblems Iikely wo ocour, amd
capable of sugmesting o yariety of new speculationa o the
pursuit of this stienee.  hlany accarate and ingeniows men
have occupicd their howrs inthe tmprovement of this subject.
Mlasera. Morgar, Bay, and Miowe, of the present. age, ane
aanenp: 1he number af malhematicizns to whamn this depart-
menl is grexily indabied ; the works of 1he former two gon=
Hrmen Bave Been [ong hefora the public , 1hat of Mr. Mive,
wag net carlicr than about the commecement of thiz year in
my poesession ; but I felt much pratificd with the alle man-
ner in which he haz treated hia different subjecez; and par-
tgoularly plensed with Mis notation, in his sixth chaprer,
referring to the differunt orders of survivorship,

I [eal thankful for the informaton T have veceived From the
labowrs af thase wha have preceded e ; and [ hope 1hat this
gketch may b peceived as o wish to aid eciengs, bur et a2
a medinm to consure these whose steps may eometstaes hive
falleved in the paths to koowledge, To a troe philoso-
pher, it will ever be mouch more pleasing 1o geand even mure
praise thin is actually due, than to plock ehe el frore the
deacrving bBruw,  This ia an observation which might fre-
guently be addressel o authers, hut I profess no perticuler
poill of application in my remark.

Bunfaxmiw GoMpPERTE,
1410 fuce, 1320,
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Section I. Art I, A function, that is an cxpression marle
up of certain quantities, has been often very vsefully ex-
presiasd, By some letier with thoae guoantities written wnder-
neath, of which that funetion or expression @ made up. And
frequently those quantities only are placed woder, which it
ay by the particalar obyjuct to Bring icko notico 3 thus, i
an amalysis we bad the frequent oocourcence of some pacticulae
X pressiar, *'n‘m for instanse, it might be con-
venicnt to pul some letter to represent fop and 7 owe had
twa oF Mare exprossiong of the same tapn mada up ol diffe-

rent Iottars, guch for instance az V@ 31" 4 1/.;'_—']—7, auuel

I‘L/a‘-}-z‘—]— WL o tpy it May he muope convenianl to EXpTCSS
thiem by znme generic character, which shall sliil involve the
peculiarity of exch ; tis, UF writing for the one M, , and for

the pther M, . and this or o similar mode of notation ) be-

COIMEs more nepessary wlhen we are {gnorant of the form of

thte cxpressiona oo which cor enalvats in to be apdred.

Art. & I far zin the expression M_signifying some func-
toty of 2, we wrlle selarmely ¥ =n, zr=n 4 b r=n 4 9p,
r=mn 4 yp, & ¥ increasing by the continoel addition of g ;
then the sum of the terma commencing with ©ase® andd [injshe
ing with .1:.'=m-, is M, 4+ Mﬂ+ﬁ + Mn-.--u e, ok Mm; and to

' x

express (his aperaton o x, I use the aymbeol ?llpreﬁxed'
¥ m

x

w the fopction of &3 that is, I should woile ﬂ M_ for this
. E ]

som. This is Lhe same as what is called the finite integral of

————— e e
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M Tom zsst to o=, that 1% the first yalewe of the
3

meremeny M ol tha sevies being M“”. anl the Jast Mm-',pv
o widch i5 the same thing, the first eevtn of the serirg heimg

A and the last tern of the series M . And thus wauld
x
ﬂI M, oxpress M, Moy My M,
Rt

T
and atso would 2| M= M, b My, My oo
M, sk uvid-;,:rrl-:'h_}' writin aepe dnil e rospectively n
the room of % 2rd s in 1he first of the seres mentianed @ co
x_ z -
sequently, E l My = £+- M _; they both being cxpresaive
- Ea] ™

of the saum of the sume series. Morenver, hecause when x|
hecoies 2, £4=i becomes #-=e, and when r beoowes m, fo=e

X x4+
hecatnes m 4 ¢ ; therefore the symlols ﬁ—l and ‘:.l.. when
m in 4

prefizad to the same fubcton mean the =ame thing, that s

x x4+

b
:IMF oM.
™= R

1 T B e i
Mls0 Beise ;}M:i'—r is the symbol for M, ., + M, .,

+de L., M,y B Ell M, ia the symbod for M, 4 M,
b
Hropgap B L M, thnmfﬂrcﬂ M =M —n Pi—l_
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x X F—
j MP+1“ and alse =DM, & f;_p Mp+: OT = :,:; M, o
Thia last 15 alsa cvideut from abave,
Art. g Tt may be proper to stare that e sytobol 7] ia not
oecessariby writtenn with the Jetters o 2, 2, m: But that wich,
athier lesters it will, medaeds mutandiz, have a siimilag meaning
the fiest or highest letler within the symbol expressing the
canatant increment of the variable quantty above the symbol;
the secoml, the valye ol that vagiable quanliny at the com-
mencement 3 and the tast or lowese Letter the valoe theraaF at
the end, [f thic letter be infinite, we oniit itz notation sond
T
write thie swmbol thas 2l £, 0t the first lettor within be

infinitely small, or o comparatively with fates, then the
] r

svmhol will erand v | 2od widl ex pruss the Impeprral of o differ-

m

ettial expréﬂs:icun of & between the Iimits 2 and s of &, and
will v 1he zame az the Huent of a3 fluxional expression
Dotreen the sarme limits, sturaris mucands,

-ATE. 4 B, L. L, &e. are put to dencte the aumber of
persons living ok the wres @ ooy S i o piveen fable of moc-
te:'[i:_}r. and L-:, e is put for an abbreviaton of L« Ly < L
&ﬂ' also L.-:_ Doy by o, R i B Li- 4
p:I.cJ‘_«; I,l:x: 1y B Kl nuf, no T anabhveviatdon el L, | o«
wle L &c n Lyl «Lode

Hetige the chances of nominated personsof the ares 2, b, ¢,

i put for an alihreviation of L .

L L
&<, Tving rospectively, the times 7, v, 2, &e. ave ﬂ-i;#r bL?’
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L

;—+-”3;c. considered inde pendently of cecliothers and the chance
e

thae tlie event shall take place conjoinily, that is, that every cne

L L L
B [i]
of 2l the cveots shatl take place iz fl'“' % I:"" = L"’" &
o b

La+y. b4y, c4x, &c.

Ld. b, B

or s and if p, =, &, ave exch equal to z, the ex-

I
‘T, ba 0 Xc,

pression may be further abbreviated thus, . Note,

w, ey B
that one year iz considered the woite of tine.
And if # be the prosent worth of ane paond due jn one

B - L-.:I'.'a,&_.f,kl:. 1
year cerlain,r . ——~—— will be the presanl worth o one
2y Dy &, &L
pound to be recevedd o the ime © in case pominated peesons
of the ages 2, b, £, d, dee. should be adl living at that timc.

s T '

21 L...
Corollazy. Hence, |7~ i T £ % Gl denate the pre-

T dp by e, L
senk value af’ 2 perindic incerme of ene poutd, pagable at mrpuad
tntervals # of time, the §r9 eyinent being to be made in the
thoe #, and the last in the time s, on the contingency al’ 1he
perzons whose prosenl e ave 4, &, o & being jeintly Liv-
ingr al thnzr intervals{ interest being reckoned 2t the vate
yer cent. which mikes 1he presert value of ohe povid cettuin
gue in ane year cqual to’r; and if there be no danger of
mistaking the varinlde padicul, we cmit it in 1he prefived
symbol, und woull write the lzst exprossion ?jr'. ﬁm
- £ e T YN

and Uiz we would write Uil sharter when a more developed

r
—_—

z?-] i
EXpPrESFCY is ool necessaty, thua ml e, b ¢, &c. ta sigely as
Ml
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before. The present walua of 2 perindin fncome af one pound
payalle on Ll foint lives of porsens of the present ages &, b,

‘¢, & at equally distznt iotervals p, the first payroent being

e i the time &, and the last in Lhe Hme m, the prezent value
of one pownd cer:ain doe o ane year being £

IF tleere e net auy Gamoler o the plage of the v, in the
1ast symbaolic form, the imeres); ia suppozed to be the zame as
in ape previows cobsideration, which shalt be evident feom
tliz teaxt 3 thoe, if we had baen conversing of an interest of

£ por cent. per annum, wo siould write :f.::, &, £, to expresa

the present walue al an annuity af cne paond [that iz ane
peuml pagable yearlyd on the joing lives of the prosent spes
i, b, Bec. the first payment to be made in one year, boozuse
in thiz cage p=7, w—1, and s i indnite, s exlends o He
lopnguest possilile duestiot of (e,

Ard 5. If the income 15 on the present agee 4, b, ¢, Bog, ben
tween the terms &c., on the contibgency of ¥ oF more of them

being living, we write 82 a4 symbol of it present value
r

7] . . . £

n|m 8, ¢ &0, and according to chis naoation we shoold have in

m|p

the loélowing parifcelar cares for the prosent valoe of the in-
-’:I ’ r r
£ H . )

come »Pebf the same oy EI'_' Brif :{| 4 4. ¢ ylen theincome
m |3 w t |2 :

for the term depends on tywe or mere of tha \hree persens

r

' Bos tons 7. ]
whase present ages are 4,8, ¢, bemg living :’- A= sarhan i
ml1

depeods on rme or move of the diree being living § thae jg,

r
el

what iz srmed on the Iungest of the lives; and z‘ﬁ"""

| ?
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when it depends on none, of wny vf them heing Tving, and
is Hwrefure the Jocome cortain and guite judependent of

the ages &, Iy o, and 1herefore chiz cazec may be vritton with-
r

& . .
out those Ietters, thos i, ana will be cxpresaive of the pra-
ml o

aentvaloz of 20 incame certain for the term, &c.: a ingertzd in
the angle slgnifying thar it does not involve auy contingency ;
and this peesems ns wirth a ready notation for the purpose af
Apresging ar ingoge fur a term, a orate of intersst, ane a
petienfic imeryil of payvmment given an any netinated contin-
geney specified by any partienlar characrer, by placieg thaa
characler in the anguiap paint; tlivs iF the coatingensy in-
volved were designarcd by thie cheracter C, tiien the incame
for the lerm, rale of inerves), &c [epending on that contin-

(_-1

=

sency, we should denote by = =

El

B

Art, B, Maoreover, az n"n— expreazes the valtee oF the in-
L

r
]

. : .
pume certzin far the tevmn, and w IM axpresses the value
o

of the Sncome for the term on the contingency of v o moce
of the pereanz of the prescnt ages #, 4, ¢, S, being Lving 5 the
exress of the farmer above the latier, will express the valee
of the income for the term on 1he eontingeney of pey-j= 1, o0
mote of the persons heing dead; i0w b the nwmbeey of persars
inull: * hecause Jtis certein Lhat ot of pperanng lving at any
® Eispws, there will afrer 1hat tirae either ke v or moce of them
“iving, or v—1 or tess o them living cwling of bute—3
= u less of them being living, is the same s p—--1 o HEFe



crffmaiion af the wilve of K contingencics. a3

e af ehenny dead 3 therefere the chinee of » of them being T
't ing 3+ 1he chance of p——1 nf them being dead, is equal
i to unity, that iscectainey,' and the said excess will be wiik

r T
N
FI AR 5 i : 5
t2n e oy, and ie expresaive of the cliooe of =
m|r

ot ture being doad, « being aqual to e —v 4 15 or g, that s,
thi reraber of persans i all being =w4e—1; and a2 the zign -
r

S|

Iue of one pound certin to be recaived a2 the vears enl, affec)

Bith CIJt'.Iti'l.'lg"-?‘-l'l cies wlike, we Ay jaud thoge n;_'r_:-|||:'5|:gg|:|_|_|:.'|_q'$ e ‘
v

af surmmation and the inlerest indicated by r, 1he presen va-

. .
use but ohe syrobol, and we shalt have o Iﬁ for the

™, U,k
valug al the maame Far the term oo the camtingercy, that awt

of o 4+ v —1 persons, thore shall be 7 or more al Tham dead,

r F

7! T;'f :
Accupdingly would =| =3, k= e, 3nd Jl= o b e res
=T L= mlae L

EL]
gpectively signify the value of the ihceme for the term on che
conticgenoy of one or more eing dead, of two or throe be-
g dead, ar af all being dead.  And chuese besides being an
approprite &bbreviation of che expressione, likewisr indicate,
tlhat if fresn 1Be valoe of the incowme certain for the termo we
subtract soparately the value for the income for the torm on
the contingengy of all theee heing living, on the contingrenoy
ol twe or mare being living, abd an 1he contingeney of one
ar more beitg living, af three persens, we shall have respee-
iy thue valus aof the ncomu for the 1erm on the cattingen oy
ol cne o more being dead, two vr meore being dead, ar of all

ST T e ————— s | — s T o
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r e r
boing drad of three perzons,  Again a 28680 - oo, be ki,
" mla— mar

i £

o, abbresviated, :!!ﬂs Be 0o s —a B0 6 A5 gyopld zapress the wi-,
e 1=y » i

lucfor the torm af the income on the vontiepency of there

nat peing maore living 1han ve= 1, and nat less living than

F
' £
ve—p i and taking p= 1, we have :-|“ oo P oy o € %0 phys vm-

M| 1me] ]
feee on (e enniLngency af there hehlmg procisely a—1 aof them
living ; and if there ave g lives in all, the sone zymbol will
alzo extaress the value on the contingency of there heing pre-
cigely pw—v -4 1 dead.

Arl, 7, IC the ineome foe the term depended onoe, ur more
nomiaated persons aof Lhe preseut wpe g, b ¢, 8o being living,
on ' of more of the preseit ages g, 3 e, fro. ow e oo more
of the persons of the proseut apes g%, 8%, ¢, &e. being living,
wra shauld exprags ire proseit valoe, thos

r

:ﬂf. [ T T L S LY AL 8
mir 1 ¥, . .
If the inpome for the term depended on some conBngency.

designated by C, provided theee were 2 v mnare living of
the pereons of the proeent ages g, &, o foc we shoulld doe-

5
n

sipuate it thua # _,& And therelore, i there wers
m| s

w persons of the ages 4.b, ¢, e, in couformitg with aur plan

r

b ity
we should detnle by \hﬁl"éM, the present value of 1k
m

r
income on the conungsaney O, proved g p Je 1, or mare gf
the perzone of the presviet agrea, o, &, ¢, fos were dead.
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o Are 8. I owe pauml i to B received at the expiration of
the firzt of the aqual perods p, afior Lhe expieation of the
tima g, which shell happeo after the filore of wey of the
above conditionz af joint ot single cxistenee of Lhe persons in
question, provided thet that fullore shoold take place betwesn
the intcrvzls a—g anil s ; the presert velue of this sum will
br the present valoe dizmaumied for ihe perind g of the inceme
on the contingeney af 1he canditioms nat tailing, che first pay-
ment to be mads al e period 5;--;-, and e Tuseal the pesicd
m—p, less the present value of the jnceme on the contin-
erey of the conditions nat (ailing, e frst payment ta be
nuwde jan the time w1, and 1he Lust in the timam. Thus sppase
the income, payable au awvary inerval g, ol one poumd on 1he
contingeney of cersain Even remaining, the firsl payment 1o
B made at the time 4, and the last at the time ®x, he rapre-

r

: 7
gepater] g o = znd therelore a similar repulated incama of
m

which the first payement is to e made In e time B—p, and

"
. ] . I

the Tast in the time m—p, will be H"-P|—C-—; and the  present
] o

value of one pound w be received ab the frst geriod powhich
shall happen aNer the failure of the condition, & Js

-
— S|
: F 7o,

PP 2 y—pl—— n|—. Bowuze o js the value of one
n—u O H |G =‘|'| C.

ponndd ta he vaecived atb the pericd = in the cotingzncy of the

r
—r

. L F -
coliliions not having failel, oo betore that tie ; v.l— -

ia the chunee of tts not aving (ailed on of b2lore 1wt time ;

e
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228 My, ClowpERT2's Anadysis aiplicalle 1o the

r
—

in the zume monoer n—Pp — 7 s the chance of ils uot
m—p| O
havimg: failed on or befere the time =—# ; end tha excess of

the latter above the former, iz the chance of its Failing be-

Iwern the inteevals o e 304 o, which muoltiplied by 7% gives
T F 2

F] ¥ |

m.::D— w rF—: -:IL— for the preseint vilue of cne pound, o be -
received at flie expirativn of the titee w, 0 ose the condition
shauld fai] belwesn [he lime seg and & ; and il » be sucecs-
sively interpreted by, 04-p1 nd-ep, Foo. a, the aum of Lhere-
saltiug expressions, will be the value af one pawnd te he re-
ceived at the [irsk of she periods p foom the e a—p that shall
huopen efter the Gulore of the catditinn, pravided that that

failurc takes place hetween the periadss—p and m; bt Beciuse
+

r r r r ""'|

; ] 7 | E

Af— — &c ui .. F = and
m| C ::C e .|. +:i: + mje ?

™ » X r

similarl ,.p_ __._.T"l ]:rll—._l_ ﬂ & -
}m_ﬂl: 5__£|l." = -I :1;|—+ Canvina

p

ﬂFJ_; theretore the said value iz enual ta .,P —_— P
a4 m-pi| O
r
7]
J-'|,_. #x aleve asseried, N
L ——
From the two equations ficst cibed, it appears that n—_p|.__.__ o
m—p 0
r ’ r
S— \J
Feomle o n-{p— —n

r
N
b

n

»m|C N m

; the valoe of the sbove comtimgency




esiimaivon of the valae of e mue'ingm:m. wey

thorefore becomes {rE—=1] . \—‘_ -|..t- :ﬂ' e *‘l_- } ;

r

—

If we loak 1o the cxprezsion ,,ipl_ ® ﬁ ——, we shall

- fh.__|ﬂ [ m|C
dizcaver that i the incewnent of some varieble gquantty « be
equal to g, and that e the only varieble guanbey conperred

r
—

in the fusctions 2.
nl—

the asaurance, wili the fcrmment thereof after < e tticde equal

+ w77, that our guamtity, the value of

r
ta e, and the assurance, av the increment of mlid— x 7%
n—d €

thus moedified, [ shall denote by I:I__._. And ity corfuctoity
mi|C

r
Sy

. ) . . ? ;
with this telstion, I ahould write o rﬂ, &, o, Bee. for the assgr-
. 1

ance af one pound fo be received at the ficst of the zgual
puricils g feodie the time #—p which shall happen aftor the
time #=3#, and oot after the expiration of the tme ar; after
the extincteon of the joint lives of the persons now aged a, b, €,

r

P

? .
frc. alra By w|mficde ) should denate the prescnt value
&2

of the assurance on similor conditions with reapect to the
fawre of the lagt v survivors, &z, When s iz infinire, o s
suppased o be the greatest possible I, we, o coniormity
with the nataben hitherto veed, would write thoeo expres

.
— e A A ———
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E

sions mspectively w \-‘ 5

L a5, 0o &
e “F]uﬁ:m

v—heu =g
i3 I p=o

—

r
]|

r

n

r
and the tice # = not the atoost Lot ey will stand E]E_

m

E r

‘1 o, My, G i |:l ,
bnde god when m s the utmost Timit, and
ﬂli ﬂ'l-h ;
- r r
‘;'— ‘E'-'l sl 0y Ko, ?
f==n, they will stand :-/—C—- ﬂ‘-i—-:, &r;, Thase denate
the aszurances of enc ]J_L-:-un-r] ta be receivad alfer he fuilurs
tukes plaee; and if they ba multiplisd by r#) they will denote
the value of the assuriice, if @i moncy be to be received at
the 1ime p after the cvent takea place, whenever that may
Kappsn butwesn the rimes g and my and 1his s praperfy what

shoudd B cafied e msrarance of the sums, thouEl weiters cadl

7 Manes
[~} [ -
whit I detiole By = \ 0 |, &fC. the zssurance. Sce
Lt Xt

Schicliui.
Art. 300 It iz efen necessary in caloolating From tahlag, (o

have a methed of inrerpolution for the discovery al tarms not
explicilly eontained i the tables ; 3, for instance, we had the
function M_ , . 5. ealculited in a tablc, for vulues ol @, ¥, 2,

fer, 1aken in = many sevies proceediog inoarithmetical pro-
gression, According ta cartay scalez of differences, and we
wigh o have the valoe of the feoction, whet saone only, or
peither of them are n tlwse rerlee. And for thia purpoze the
muthod of fnite diffcrenees, when the differences convorge,
is applied with great advantipe, us 15 Well khoWa,




estimation &f e value of Kfv contingencres. Zqn

By the prefized symbals A, A% A &, I mean the firse,

A A1 x -
secoted, mul third diSerences of the funetion e which il s

prefixed, avising from the series formed by writing o, o,
Yeafne, ¥=f=ge, foz in the plage of o in that function.  Hence
from the methed of difirences we Lave

r r r
5 - 2
£ )
i\ m-——na _.A. a -*x r||r:I &e.
JII + me— + r: + d'l n .—.—.+
r r r r
— — -._:l l 1 \_r’
# p[ ? =
Hladga, b p ko= nn,ﬁ.c.&t.“'%ﬂﬂg,.ﬁ,;_,k;. B iy dev, -l-.ﬁ..L
i m:¢ —= o —_— - m-—!—r-!—r
r T r y
2| e 7' . B
n[a 4k B4-H, b - = n A for, e -2 .ﬂ'n !| ot Bey B + . T || e by 00 e,y
H - ml cemle 2 M4 ) e
r r
b @ A F
+£An.—r.b,c,&c.+-—--— Oy ox|a, b, g ke oy BIOL
-’rd'zm — e — e r— g ’a |-, L P —

r

SR £ 5 &Ec Bic.

And in a similar munuer are orher expressions writlen, Tt
may be often of advantage, whoere the textis sollicienily ex-
plicit, to wse the dJilferenging symbols and omit the othors,
leaving them to e understeod, and to wrile, for insfance,

r

ke
:Ia.ru, btB e e =
m

r
|

b

h
L]

L
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TH0 Mr, GoMIRRTZ'z gaslysis aipficalle to Hhe

Sgamaow I Are 1, 10 there be any function M _, whicl de-

greasrcs as xoitctenses, al for & we write e, the functian
will ke ransiormed ioto I'r']:_i__:__ and may be developed inko
M —n M 4at M'4n h-I:, &, where M; in preilive; and
il w be tuken sulliciently small we shall have M, =
M_—auhd_ sufhcicntly near.  And aM, will De nearly the
decrament produced in M by wriling a-4n for «. And this
affrotimaifpe decrernent ia proportional k2 2. Henee Qb ap-
peavs, that the pumber of persons living i any tabla of mor-
tality indirating tie number of persens livingg at every pos-
sible age, that is 10 any lraction of a year or unity al time,

the Imervals of ape may be taken so small, that whatever the

law of mertlity mway e, during any porlinn of any the sameg

interval, the decrementz may be cousidered propertional ta

the time.  Ohservadon mlerms us, 1hat this proparvionality
af decrament mey be admit:ed es affording a tolerabic depree

af accuracy during very leng ilervals, andin thal respect, i
frives ug some idea ol the nature of the Tenction of mortality ;
but indepetdently of obrervationz from known results, we
gee that wo My approxittde 1o any degree of acouracy cig-
tainel in the rables, by dividing lomg Intervals inte shocter
intervals, and taking, whalever may bo the funcrions of mnp-
{ality or of living, the decrements propechiotal to the por-
tiona of tme brbween the acparee inteevals, and thus if we

r

wishrd to find the value of ;|s'_. ¥ i o Lhat Is the valys of
1] 3

an anmaaey of one pound vn the joint lives whase present ages
are g, b, e, 8o, the first pavment to be made i the Sme a,
and the fast in the time m, at & rate pev cenl. iticated by the
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present warth # of one pound to be received, certain in orc
T

1
onc year; besluse \:]_-uri'.-h-!ﬂ:- = (" L. g, boeoice. T

m —

s L P .r'meb.e’E:‘} dividad hy

Lgb,e, e it follaws that of the iberval be taken sulliciently -

sqnall, the decrements being considered propartional to the
titne, and g he taken not preater than m—e, we snall have

rte. Ly 4t =rtex E+rr _fL"'-'-I-H X I';-l-rt-_‘!" Lyya=

ey, = ]

[P L'ogn x &c., by using, mudadfs mutandis, the notation
above, and thiz is ="M (Ly .y b cone —p [(Tlaga- Toni e ze.
4+ Lngs  Lasg, e et 80 Fe - Laga . Vs Do oo o 0
"""E'tc':l =.T"+f.LE“' kg &e. ® ('ﬁug‘ + Bﬂ:e‘_ &L} J .&M E':H
. Bring put for the coefficienls of rhe different puwers of o,
are canslant during the interval of umifrrm decremen, and
comsaquently, hy WrE a, 1, 8, §, & for s WO SOT fior w
may obfan the value of aonuvities approximately for por-
tions of tinge sufficiently small, abd that we thereforg Juve

1 ;
s ‘}rf —_—ir -t 3, Fr=iE, |
e T - e r
el "o b, 5 XL 2 4
= ' = &rd grs |>'
. |Iﬂ'_._}'|"'dr M= o Boo, ke, de. B R |
> =" fe—mu . 3j—ax3i== _J
and F T, beput=1rdr,.... =, T —=rdear”
4 & T, T =gt g pram——

et i, oinerical waluez of which may be aregzed i a
r

L!r s th g, ol

strrall tzble, we sball hawve 20 0o W o e =

n
H & b, 2.

* (T AT _ -+ H“TI""’“ — &) and by repedtion

3 r
and addition we may ahtain T, b, o ., that ia the value of lth_é




£8% My, Gowprrre's analyss applicable to the

antmity on the whale possible juinl existence: sl whete
there arg many lives concerned, perhapa this mawv answer
with as Jittle trouble as by the commuen wetheds by the li-
mited tahles; and any accurazy may be obrained thet the
lables of mortality will alfecd, by using snficieni y small in-
tervals ; which ia nat the caze when the comimort method is
used, of searching in the rables of two joiot lives, and then of
a sipgeke e, and then of anather life with Lais single Bfe, &c.
till we have comprehended the whele number of frea.

Arle 2. Motcover any Fanctions BT, . way be developed

MM T 4 i
it &l form ™ a )

M, w arul, consegaently, il
m be sulliciently small ta admit of all powers of o ahave
the firat being amitted, we shail have M:+'.—.-a=' M, ,.,r""M";
and il this remark be applisd 16 Lhe function L, . of the
livitag it tfe ayrc @, wo see that we may take an incerval
i, rom = 5o sall, whatever = the real canstitetion of the
banetion, that the nueber of the living, duting that interyz],
zhall dacrease 2o as to form 2 genmetrinal PROZEESSIUN YOI
nearhy, whnbst the portians of e weesese 10 an arithmetical
propressicn s and that the decremonts of livingg are also in
canseellce Yery negrly o geomelrice]l progression: and
we may [motenver in thiz, as o the formsEr case, 20o0itt-
gedate the function so as to he accurate at the two ax-
tremes, Thus, far instance, iF we wish to have an gpprosd-
mhelive ox prossion oo gpeeinetezcal progression, for the poam-
lrer of living for ages from 2o tn o years, whicl shall he
cxect for the ape 20 and go, according w0 the Korthampron
iables of morrality.  Assumoe o aly convenient number at
Pleasure, say 10, tike s = g0, and e fa=3g0; o n = 10j



extimatioe of lre weiue of fe conlinpencis. Bgg

Log, of Lgl:-_['“:' af Lzl:|

= == — cablgiy
according to the Moprthampton tables.  And wheer 8 iz any

and we have L' =1 —
a 20

thing Frot o ta 12, L ==L 1o— "I and she lopa-
r FE] ]

o
vilhm of the mnnbers of Tiving a1 the age gofa=3,7102865

—asfgtrn. Ilence wo have respectively

Living a1 tne age: w7 [z [ae [ a5 |ay | =5 |20 27|28 ] 36 | ¥
Acrording bo the Mer-- . -
s Tate . §[5138 e L I L B G (UL RIS
Mitka, Fromeccizal g
Propression - - 503
Decrizacy of rhetiza- H &

mel:ﬁ:i:'pln:_r'rlmim:

§98 0 |102 % |¢305 4BLpare46700nes 455 4 12e[43 85
-gll 13y a5l h:il 1 13 ngl m]

: T
AT 4. Hence, iF we consider L, ==L_. 1ol 5, whilst £

i tot greatoer than s—ar a= a sufficient approximation ; and

r

] i . P s
we wizh o hod tlhe valuee of nL,ﬁ.s. w:- we have by writing
e

fur the cotmon Jugacithm of 7, and patting ¢ + L', ., + Ly,

r

o

?
+ ].'E_l__‘__-}- :“:.:l.‘:.—-f.a._,,:

Lk e
Wb, e, &e, = 19 r“EL,b.c,_ &C_ w |:‘1_ ..+.. l{!‘[‘m‘

u, 2, &
z MK JR— —ag L.
4 Tal P“-I— JEIF'LF 4+ iaia10] Pﬁ}:u:' _ATRlel S il
N . 2y 0y Aee
ol _ . .
2 me—— w3 anil By restorations this may be writken
Lo | O
ST S SEN T
.__Lu:n.ﬁ..;..lu:. Ln:-:.J:-..l:‘-_..!:c. .
% X . _
a, by w = Lngp g baate

CH" P A
Act, 4. If the number of liviag, corresponding te limes in
arithmetical progression, form 2 serias in geolmstrical pros
greasion, we shoold have




) . 804 Mr. GouPERTE'S aualyees apalicalfe fn the
L)
v r :
} \; L,. b L,. b\* L m
, Slah =gr PEBBL (p o >+&c...... rp, _piabY",
. \ b Lab ( La b ( )
XK .
"
E I X F’l r.ﬁ_abc L_ b .L_ h \m
k- ¥ i ash. e =rkF_ =5 F . L ", rF_ﬁﬁ) -
! i N ,;EI ]'n..'- + 'La.h + { J"u,&us i
i { end also
v 1 L0
3 ? L L . L m
&% y P | ) », b
_ ’gl_ e e A )+&c......(1._Lz_.)
i 4 L
/ > r r
[ ] I, L
0 Henge, o & — £ ® then ;ﬂ. = ﬂ;,a s oand alse
! 'l g a2 b Tl ety | [— .
y | r r
i ! ﬁla,b,c = ?].,c; that is, avcording to thiz hypothesiz, if (he
L-23 F — m'—
'; \ value of a periodic ncume of ane pound to be paid at the ex-
' s piration at every interval p, for 2 given nuneher of ntereals,
| em Ewi joitte lives, whase pvesent ages are a, b, be agqual to a

similex ineome on the single 3%, whose Jresent apre iy o, then
the similar ineome an the three joint bves of the present AECE -
a,fi, 2, will e aqnal te a2 =imiler income ou the lives whose
preacnt ages ate « ahd e, And it alwo Mollows, that 2 similar
redogtion may be made for more lives, and their value thos
| obtained according ta the hypothesis And this, Timagine,
iz the foundatian of the practice for dezermining the value of
attwides, an mary joint lives, from two tables, of which the
one s on single lives, an¢d 1he other on teo [oint lives; and
wi discover, that if 1tha same geometrical progreesson, or a
proximity Lherewn, dovs not continee thraugh the whole, or
the certain particn ity guastion of the lives, this method, which



cstimation of the walie of {ifs contingencres. 235

sy be vonsidered the gencral practice, most afton lel te
ST

It may be worth ehzerving, that e L. L, L . &c. werc
| r ’
rospectively oqual to Lu.ﬂ-”l'd'. L, .a.-“‘-['ﬁ] Lc.;;"LF, &, what—

ever positive value g might be, that is, if the living lrem the

respoctive agos o, b ¢, &, whils the tige iwcreased in arith~ |

metical progressinn Jurm serivs in a grometriczl progression,
than warld the present valoe of the pericdic incame an the
Jaint lives of the agues a, &, ¢, &c. be the same for the =sthe
tertn, w5 i ages clder itham thnse by any number of years,
either the sz fur each, or different.  And hence we may
ke soine reason to suspect thae the value of anniilies given
by tables on ald age, by assulning 3 neecssary term to G,
a5 is dotie i the adopred tables af martlity, is likely to he
far fiom the outh, -
s
Art, 5 Ar to the calewlations of the values of EI‘E‘:

T
¥

':!‘ Boe e it AN &Gt BE | Bee Art G oand 7. Seol 1, and

m r 4

other expressions thercin contaibed, Besides the wsual modo
al reducing them ta their cquivalents, 2 number of combina-
tiors of joint Iives, far the purpoze of warking Mrom calci-
laten] 1ahles, which, when the lives are many, will Ty o Jabo-
rious task, wd subject to the errars of nhmarous ke cpali-
tians and of the other approximative modes which will be
necessTy L meny cases when the lives are numerous, ic may
be gasier to wark them directly without sech redoetion, or
by reducicg the terms o geometrical progressions fur shore




petinds, fe. and For all these purposes 1t ia neeessury bo have

.’ e value of the coningencies veferring to cach pavment,
B U And in cwfer 1o this, for the sake of brevity, lot B, ,what-
\ ever & aul a may be, vepresenl the chance that a pérsnu of
48 ) ‘ the age a, shall be living at the cxpiration of the 1ime a2, and
' 0, o De the chonce of s being dead ar the expication of the

| time s And ronsequently, B, 4= 1, ,=1; a3l F, =

_L X aafi Mr. GGoMerkTZ's analyris ahplicaliis ta the
|

—Ef-:, and T3, o=1 — L—:’-'—‘. Mureeyer, if we il1l‘.|'|:lduﬂl.‘:‘i|]1__'-:."
letier w s o multiplicr of B, |, i & be equal 1o unity, since
L, =w.E, . we may under 1hat wlea of & Leing == uniry,
Bt R0 wiiex B, .+ D, ,=1,2L, ,+ D, =1, &c.; oedalio
[.‘I:'E‘rr.w.+ Da,n)“ LIEEI,H:+ Db,n)“’ LWD:;-] + _E'[‘:'
|} =1} and if the left head sidc be moilisled oot a2 length,
b and there be p persams ar e muliipiiers, then the coclTicune
; 'I ! | nl o will e the chianee that all the x peraons shali be iving,

the cellicivnt of @ will ke the cheace thal there shall

b p—1 and ng mere living, the cocficient of z#—* will be

1he choucs hat thers shzll he (o and no more hyieg, and

generally the covfniae of 2%~ 4re chanee dizat theee shisl

| L exagt ]y pe= g al them living, and ke snm ol all the oo
' pllicients e thal af ## o chat of 2= Loth ineluded, will

be the chance that there shali be p—r or mare of them Tiv-

g, IT we write 1 —T, o for Ty, our. cguaticn wiil ztand

F—1 B time—r W f1x 1 E .+, ket
w berme = 1, ¢ being suopoyed grnal o unity.  This is are
identical cquarion, and if far the seke of brevily weput P, =




ESY
E& x E.: ",ﬂiﬂ-, P.-—#I. =

the sum of the prodocts of 4:1.'431'_-,. p— 1 Lerims, Pg—z,-z- the sum
of 1he produst nf p—s kwerms, &, fhe aquation will stz
e 1 r——u—z

1. P, br—1" P T LT, B =1,

when z=1: that is

estimalisn of the vades of fGfe contingearies.

the product of all the g tarms E,

_I. p—I p— L p—1 p(.--z uw—3
‘E#P:-- —ue. T, {‘-rl:l +p. o 'Pl-lu-ﬂ‘ Tk 1 oy 'PHD’&E' And che cncffi-
] _,u.--l p—2 _I_p-—l. : I-] . . q:\ffph-’
+ 2. .u—-t,t = P i & H P, B, i;-.remch::rw of
- p p—2  p—3 their eimg a7 4=
+ z* .-.--:.- T 3 P..'-—E.- s & expiration of the
P riLae,
-3
TP ,— e
Juse 13w P P i L L R mtcac o o o F B
LA Y1 ]"."|3|'Ig L5 T " p—rm 1, w1 T ] 2 b e By g T
5 3 $ p—m42
Dittop—orf-r . is : 4+ Pwgi,v— == el Frl-—‘ﬂ"r"u _—
Dittop e e i - - - - o Pzt 2, w— &C.

R

and the sum of 1heze, or the riance that there shall be p=——w

i,

vemarc biving, s = P, — u—a. Pocrya, gy = =

s—rtl p dzc,  Similacdy if &, #f, 2%, feo. beeach

z p—m g2, w—2
Latal .rv JMTE navmh-?|d-_:n1|ra[equannng.;_1 ]:”H- 1xr—1. EU+ i
e L X #F—i Ly 1=

A B, i &e e L, p1wat—1.Ey o e
X 4

:u:r—lJ: M+1,|:".’n:':.:.:.-':_:|. E

= 1, and the coefficient al ™ x &* % » 2% will be the chanoe
af there bewss exactly o living of the ficst sel, " living of the
macond set, o living of the 1hird =ct, &o. Woea resnark by the
bae, than if e, b, 2, Boc, e equal o cach other, then the eqoa-~

lionz—1.E, 4+ 1 we—1.E, .+ 1 = %0 I:-:J;: ferins = 1,

will bex—1 . E. ,,+ i =1, a0 thatr—x - 1 Jx+ 1 hring
BIGOCCK Y. - Ii




2y My, GoMPERTE 2 fuafysis afiplicalfs to fe

T O T T e e ol

&z, therefore in this n.':aaia P .u‘—' -En H’P.u—h'l. =p Eﬂl;-u
u—_L

Pp—F-le'l"'.; “ﬂ.r'a'-"-

Sxutioe g, bring necessary Lemmata,
frt, 1, un tha floent of L l'

RN

Sunpage that berween the Iniervals r==n and :.-‘....n-‘-m the
detrement: o Ife of petsons actived ot the ages g4en, 74,
€ich in proportion to the time clapsed fram the romninenpe-
ment af the interval, ar that they may be consilered so with

sullicient accuracy, Sew Suce IL Atz Mot r=n 44, Loys

Lt Lg-i-n-t-i:['q‘.-'l — tL'_?_HI, L=l = 3L'r+n ; and tha

fluentaf Ly .. L,y owillbe=fuent of (— Lo, ok wLy p—t L}
; t‘

== porrection — s Lyt - Logn- 1 o5 vnd s

. _

o-

n

Tg.ﬂ, L,,.“ [Art. 5. Seet. L} expresses the flusnt of B,

. l.r+. [rum & — o lo x ==, thiz will be the correciivn, if the
fluent be supposcd to commence tfram 2=, 5n4d vur Avent

T

o
that is ’:i“l Lg+: ) L,__H= will stand =

g o ST )
L9+ﬂ+? . LJ"-I'" b Lg+ﬂ . ;‘|l'|;r+: Lrys— H‘r-[—ﬂ. ' ':]-—q'+r|.'_'
%I’j_.q_l_n'} ¢ hut hecause accordiug be hypochesis 10, =

1 . ,
L','+:E _Lq b4 - Lg-+h+}!=Lﬂ-+w-" = jL-;".-'r.HT anl al s

x

.
— L.

r+.z'

T

L z
] N -
2L, =, =L ot therelore ni:|L9+x L, ke flucat
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x

#| qt+=

. > . =
-L d—--rl:l-‘r+m"'-L’-+n+g}“':Lq_r*-E'Ia?_]-ﬂ_-r_'}:ﬂra[JI]+=

vy
n
S T_.ﬁ_r*'“_i__”, that is by reduction in

n
v question may be written in eithar of the two formns "_[L

S PTG S,
r

] rY
either of He twe forms o

r 1
Li__!_:a Lr+.1“?!‘f+ﬂ'1"§"i"+

zLL'Sr.-'-n =Lr+ﬂ+£'— ‘:"I‘g.l.ﬁ-dnr =Lr+n -+ _: L agt - L-_H-H-r-l' T
z

E|Lq+x +Lpge— Lgnr Lopugae b Lrgage. Lyyayes thatis
:—lL :

by wzing the abbreviation of Ach 4. Section 1, o Lgsa .i.,+J

I I 1 L}
ey LTI o PRI Lo PRETRD by T P

x
& 3 .

Tk :—'|L;-+z L pr— T gpnayt + Looguan pgnage

Art, 2. HMence, if the deaths cannot be considered az the
times, wilth sufficient 2ccuracy, during the periad £; lwe dur-
g any portion of the limics & and e, ¢ atd &l 27, 2 2nd
5, Bra. thee deatbes prodduced i any portion of the same Timifts,
are proportional to the porliona of time in which they are
produeed, ar may be considered =0 with sufficient socuracy,

-
a "

thetr 12 we sholl bhave ﬂ_|'I. L, —wa, we shall have
nl W] Ter

£ . .
] L - 1 1 1 1

:|L:;-+=' rd=" "7 gt :I-'-hr-l-—'? q ¥, r+ ';‘Lr+.,g+‘;
wl
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240 My, CFOMIERTT'S wnalyiis epfrficable o e

anul zlso = == Lr g+ 8 + Ly, 433 thiz appears by wmerels
wrileg ¢ for & wul e [or £ o the aboyve formule. And if we

now write ¢ For &, ondd ¢ fioc £ ol forms ol At 1, we shall
‘t > %

n
hawe
141

. a .
' L?'f‘"' I"'+I=;JI?+;'L!’+I_ ‘:‘—L;I-_'.;,q.i.‘ +

1 1 1 _y
'ILq+., ridd— 7 Mg, v + z Lf+l+l', q+:+n'ﬂnd atro =

X

ol .
?)Lq+: Moge =L pus i+ Legogo ggeg g And by con-

x

L

Enulngg i this walster, we shadl arrive ot tle valuzof © 'Lj'+1'

'i‘r-i-l where g =¢34 & 4 &e; oand theretoroe b:.r dw:d niL
thir: lurew'lls inte & awfficient nemher, we may find the finenl

of Lyyr - Lray @0 the urmost degree of wecuracy, that the
tahlcs of maorkality will admit of; and for muest purposea, by
dividing the time in but few Intervals, the ronuisite .t-;.cun.c}r
will bie obtaied,

Art. g, And considering the deercments also cgqual n:'lurmg'

the imtervul m at the expivation of the nterval o, we haone
I
(]

o L . Lr+n that is the Ouam al Ly pe. e g fron o=e
n+m| g4z

o .
to p=nm, = ”:]Lq’{-F'Lr+r'_—;-Lg+n,r+n+ %-Lq-l-n,r-{-n.].m,
r

5

—"Lg--:-u+1u, R — Lg+”+m i1 2 Hia aund alen® |L F- L px—

Mttt g Lot tm, gpapim, TICEC ave bliied by wri-
g m i 1he place of 2 in ATt L,

Att. g Avd if g, € ey B wr, be cacl voual to, o1 Jess than
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the interval al” the dmes hetween cur tabulated numbers of
liwing, these may pencrzlly be considere:d to give tlu: ntmost
limit of accuracy the talles will altord; voless that there
ghould appear sufficient regularily b the oumbers of the
tablce to warrent a beliet that an Intercolation will affer a
more ascurite determination of the number ol living far in-
tarrpdiate intarsals tham the st difirenoes only will goee
m which wase our intervals g, ¢, 822, w, sboold, to ollam o
emzirdence of e attaining the utmast accuracy, be taken
stxaller tham the intervals of the tables, by mking their car-
responding sinvhers by Juterpelations.

Aot g [bmay he abserved with regacd o Articles el
g, thut wlwn the chject is only (he calenlations nf the value ol

£
1] ; = .
nzl Ly4z+ Ly rpthe less developed form M| L, 4 oo Ly o —

(L,_i_,,'.- Lipused 'Lq+~+l,! of its vulue, inay be more comve-

®ococin

I
o -
nienr than ehe Toeo ﬂLq_;_,-L,.H—n Trgmpanen +

I.-,_l_,.l.';,,ﬁ_ﬁ_'_!,;, and thut » being = 4" Fe" 4 &0z We shall

T
o
]131;:; . ) R P —{F =L b I‘l:--l--l-“'(Lr+-_Lr+;+r’)-

. lﬁ_,-+-+!||'_ (Lrguge— L geqmid -‘L;--j-.-j-r-’+.‘i.'= £
Art, 5, Fram Articie 2 we hayve

- 4
‘ . 1 1 ¥
+ Lq+x r+x'__| +x‘ r+x"""'_‘Lr+n q+-+_ g-‘-l,r+|+|

7 Lotigs s’ r FLgsigd, gttt b“la| I e



¥ L] Mr, Gomrenis's anafyses spplficalile to the

"z_ L, .+ _; Lo rt e % L-'|+u1'+_;'l"-|+1.r+5 and cotsequently

‘Lr+-1':_"';"Lq,r+ '% L-:.r+-'—‘;:_Lg--|-ur+

1 1 u
'i'+h1'—.l+i'l_TL‘§'+=+rl.l =il ;L-;+=-r--’.r+.+-" whereas if

i Arto o, we lake w=2 and ¢ =te4", we ghall have

-

—
H

+ o ©|a

3 o 1 1 " 1
golog L';;|+.1- ]'r-lx e Lq_.a-' + TI‘g.r+J L e I‘-j‘-}-. i+ +
1 =i B
5 Lgtito, e+ Aod we are here pragented wich {wa difs
I

fecent forme for 1the value of ;-? .’qu+1 Logat that iz of the

Vil of the flventaf T, . Tog., whilst & frem o bocomes
ey the Jalter Tuvm Geing an gl suppusition, hat the de-
Crentents are prapctlional to the time throughout the inter-
vil e4f, wod the farmer, 1that theay are fiest prapnetional to
the time doring 1he inlerval ¢, el thal after thal they are
aEain propartiogal to the dme throngh the next oterval o

The reagorr uf uddoray these 1wa, which arc commonly ap-

x
¢ - ¢
proxunale values of .::‘| L yz- L2z, ie that several ingenious
authcrs in the sclulion of soeme of the problems Jeaeafter to
e popsdered, have dufen as an appraximation that i€ e
persens, wha were living at a particular peried, ace both Jead
at any naminared period afer, within a certaio limit, that i is
an equiz] clunme which of the twe is the suevivor; which as
will appear in the natural pongaquence of sepposing the de-
cremernss of the Tives durlor every parr ol that pegiad, to be
in & polstant proporticn 1o the time elipsed from the com-
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mencement of 1the period.  Tut the mnde of analysiz pursued
Ly those gentlemen, have led 1them o divide theic peoods
gonlinually intn dwo, Lhe one a penod geoerally of several
years, and the other a peried of tae yesv ooly, 20d rhey have
ralculated lar the rwo pericds sepacately, and added the re-
ault of the two, This mode would be piven lean he fiesl af
the tw forms of chis article, which is ¢xtremely more com-
plex that tle 2eennd form, and apparently with very little, if
any advautapre; Jur W the decremenrs were accurately ina
comstant proportion to the tine Jfrom the commencement,
they waulil he perfes Iy al equal value ; lhmugh the e pos
"apzses so much moere simple o fecm than Hwe other ; and when
ther are euch bol appraximations, these will be hut litle
chotce to be made hetwaen them, in point of praximity, e
the vze they are to be made of in those problems ; thoogh
there will he a vast difftvence in the degroe of simplicity 1o
ke resulbing formula.
Arvt, §. Hence the value of Ly | o (floent ol Lgy 0. I',_,._M
commencing with & cquel to o] will form Ariicle g, when

: )
0
; 1
‘I:“:H'+!.'lhr:=LP+:U-|-|H(31'§'+:L.!—_I—1— L?"l o.r+4an +
1 1
';'L_p rrtogdm a4 ""‘?L_,t +rfunag+H+u r+at

% Topabn g itdn rbmd s ard wbien . berames saee e’ 20p-
posing the pniform dectement 1o -lagt through the whele

X

o
period ¢4 o, the foent will be Loy, .y es (:f:,L‘H_I L,,—

1
—;Lq-.i.u,u .u':l Sl 7 P

; ;
%L#+n+-+:'= gt zipd ke T DRk A gt it r bt

ﬂ
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and the cucess of this ahave the aother, (hat @

x

3 i n y ;
s +.J-(I—,a+n+.+n b X L,+,J — 2 | Cpnte, qaxyy ywill

£

bc(‘] | TR T"q-l-:r a+m r+m) { Lppntegrr— Lp+u+-)+

-"" I;|+H'{I‘d-|-|-'| l".l" o "+‘. ,.J—--LT_.J_L“ I:.[‘E+'+"r.'hq_

Luges gl -+ (L,,+,+, poper = Lmgos pog. ,} Soe the nota-
ticn, Avt 4, ‘ie:tmn gt

Art. & If when r=» :311-:.] greater, I'r,-+r S &qual to
i &and the Auent of Lq“ - L, generaed from &qual to o

lecomes equil toow, be §, then T‘p+: - Auene of {T ]L_-H__'

i
cammenciy with r=o], will when z==vm be =Ly |, 0,
p g rosiive.

Article g. Qo the loent of Ligw-Lpw - Lo that i, 01
I‘r.r'--! - L,y o 1y nutation, Aricle 4. Section 1

If batwean the lions s=nr end r=n-, the decrements
of cach nfe be sufficiantly nearly peapottional to the times to
admiz vf theic belng considercd provoviional, and 2 bring
put==pn -7, we use the notation T, = Veppn — it

Fnre
.L-:-+== Logw= L T =L~ 15, . we shall have

Il’"".l""?'! - Lr-l-.::._- IL‘:’-LH H I:]."'rl T T ”:L'LI:'-FH " I'r'i'+ﬂ:|+
i ”P+n -Lrgr'} o Jr  Hence the fluent rencrated whilst o from e

] ) .
hﬁ-mm:g =ﬂ.+.m 55=E|IJ::P’Q.L’_+‘,-——1‘HL*F+H_ [-I"‘I=_|:Ir§'-'-
m g I m? sy
‘;|.I.-P+H_..L‘+" + ].Jlj"i'ﬂ.' L’P+"}+? LI}-I—H.' Lq-l-jj —
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I

a - I ’ ' P
EIL;:p,g -Loyr— :":'-'Ia,.-_[.u . {.lﬂ"_‘l.?'w-uhld.—i. iLg-r—:: i Lf-l-“:' E-IITLI'.'E
zecording to by puth::-zaﬂ IP+,,+1,F._ Lypq—= 5 MEy g, a0

| B L ml’.i,+*:_ and by narations Art. 4. Sco-
tinn 1, Lﬂ_”m i stan.d.-.- for Lyyayom = lyqnggm  Atulwe
(herelure have the Auent rencrated, whilst £ from 4 becomoes

¥

= a~}m, thul is ;|—| 214, g 1..,4_:—-—-.1121_.-"_1_“, (L pzor: peg
’ o r 4
+ - Lpyn. L otn joritsequal —(L (=L, . V. Ly yamon s

. ‘I:Ll"'l'?l r+x+m) {L.I"‘I"H' P+E+I'I" ||,L.5+.1._Lq+n+m)'
And here it shonli e remarked, it m reprosents ooe yeas ot

less, ws will L frequentiy the cise in 1"|e appﬁc-n"un alihis fer-
mmla to fuestions of practice, that genpmﬂj the p.lrr: -|:1'r!_"'
_Lr+n+=u:|' (Lopn—Lpgopm) - (Lygu— .g-f-ﬂ-l-m) will he
suificicntly amull to be wholly peprlecred ; but should ppeeater
acouracy be reqoired, the caze would e vare if 3t tight not
be cmsidered constane thrmlghnut the p-asm'h]e durstmn of
the jaint bivaes, |

Article to, By writhg L L1T+n+m for ml’,"H_N, Ber! wi .

T

shiall alsc! 1.{ven+ \ Ligiiggs ___] | ‘i‘L,,_.r,._—

L inim)* {Lppuotn— ;ﬁ+~{ F+"_L§'+rr+rrr:l__::- Lite
- (LP+7! P+u+m) + (Lq+n g+n+m) (LP-I-H Lp+n+m)}

1‘

Lthr _':Lr-!'r:__Lr-l-n'i-mJ“{“;*L'“Paf.!-%-
MHCEE}[?{. Kk
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246 M. QuapsuTz"s analpsfis ﬂ}‘lj!."!r'-:!nbk to the

IJ, Pr§rm+‘3— migfidth + ""l'm igp _IL‘I-' ?rf P'-.|'-'l

2 ‘L

"'.F'-'?!"'_--E- LHT R R H r,gup+m n NS N _|!r.|..m+

:I
}
1 1
? Ln-‘p.fﬂ-l]-rrl_]_-ﬁ' Ln!_*,g--l-—rh:.l'*- m+ FLn!jl_+#:,.gJ!'+ﬂ+
1
3 La:-|-nt:]:|,;. e

Tms form of developement would give the solution of
sulne problema, to be considered in this paper, in the lorm
which has alreidy been given by malhematicizng; but there
arw cuzes of applicedion, in which the form in Article g, will
pive 4 mooch less mtciuite sohution,

. w 1 r
Artice 11, Bovause L., —=-wily, T4 4 Lot Lpgn)
+£37!|.‘p+ L‘H_ c parl ol an expression of Ariicle g, i=—
= Len— LP+='] Lpgn—7 - '“V";" Lptnl
1 1..-"_ : _m T T .
?l:l‘_p+n 3 1+ }'-I-H] ’ "Lf'I'H 1 1+ 3 ILf-I-x]I'"'

aprcvebly w ihe hy [H::thf.'&.':t 7 btempy T Do, o el
= -% —;— \/-;:mui k= -i— + V/E,ﬂml therefore the 1laent

Cof L . I_.rrT.r betveeen the Imits of s=a and r=ndemis== .

Tl g
% L ge (Lgn gy F Lagiipg) — 'r-l-n" Liipg-
Article 1w, Ou the floen ol L, . o, = L &z
Suppuse & and a-+m sufficiently mear cach other o admir;
the decrements o be vuosilered with sufficient accurcy as
prapectivaal wa the time ¢ in which they are proluced; ¢

beittg greater than m, wnd @ ==a § #: and the fluent requimed
using a siwilac voewaion to that hitherte vsed will Be from



estimmation of the vilne af dife conitageniies, 24y

K, 1
f==ota e, equal to —m LY | anp,fﬂ’&c_-—? f]..’l',,_|,?r

L r
¥ Ln:g,r.s,&c. o Ly+rr Ln._,n. r. A, e E{E‘} + & =— mLx-I-H a
L, i tm, p.garas, & MEBlCCting the remaining terms in which
m®, ¢ B, ot herciu golnainad are concerned, as they will be
gmall it & be smaoll p chough, IF necessary, we may pursuc
sitmilar means to thoss used m the last zrticle. :
Avrticle 15, Bl i during zhovt periods, Instead of the arith-
mistical progrossions, wouo aso geometrical progressions, see
Avticle a, f:}l:uun 23 and ¥ hEmgi = -t we take Lp-!-: =|L’
¢ [ t
4= _ — 4N 2
L » 10 L=l a1, dee, Loy o =L, 44, 10]
and therefpre potling « lov the hyperbolica] lagarithm af 10,
I ; :
L .=~ Lijx- L’:_Hz'::'I *, wa ghall have if Jar the sake

1q e —_TrT 4 , R 4
of brevity we put w=L" .+ L, .+ L\ A &+ L.,
4 : i, s
I-q_-.':p,g-.n.ﬁ fec, W 1"J+1=WL’I+H 3 I‘n:,ﬁ,g,r,;,&c\,.-ﬂ i ID.I“ r ﬂﬂrj
ther fluent penecated whilst = Jrom 2 beeomes = nfom s =

ut 1 L
R-Ta' _IJ_;'Lg+nxL

"+m=Ps9, r.&_c., x

+n

L’-+}!
I

L.u:p,g,r, ifoa ®

- Lﬂ:_#-. g7y .,
Article 1. Beranse L::,:-. e e = 0¥, T o Fand

p
L, = L . -E]! L ft failows that & I*’=+=r=
lugeafl, |  —Lugaii, _

Leg ot L or Bre VB L g refivna eing equal tou-j-z,
atal £ any pesitive quantiry Not procater than m; the same set
af peametrical surics bring only swpposed ta take effecr he-
tweell the ietervals » and s—m; but if the geonctrice] sedes
between those limits only take coffect proximatively, our
fluent will be hut o approximation, thongh s corvect as we

rb

L]



GEE M. GOMPRRTE'S @ntlpsis applicable fo the
s

Mleaze by mking Me intervals sullicieotly amall,  When [or

the povpase ol approximation a long interval {5 dividad inee

smarler tervals, one of whic]'l,.fm' instance, i& fram # mo atemn,

A | ; i will non be fatpateriz] for obaining the nearest approxi-
4] : mntion, whal vafue we take fur = hetween g and A=,

b

] ; the above value for 10, oo an offhanl idea might be, that

r should be taken sonewhere about 2 4 4 ma.
L., ?
SreTios IV, Are 1. Because 1 —- 252 is the cliunee that
. L, 3
: ‘4 Ay 14U e 43y Lots;
} : a petson af the age bshall he dea:d 30 1he time 1, o the

‘ | i fluxien el the chanee ;. that is the weasuee of the chapes thait
T : he would Tuve ol dying during » fuite dme £, on the congide-
i : radian that sl canse, ifany should subsist, to make the deaths
| : dispropartionate fn the time, should ceage et the term £ And

L
if this b tultiplied hy =22, the product will represent thy
ol

flngions af 1he chance of the persen of the present ague b dying
in Lhe ife time af the persen of 1the present age a, and conse-

Lt bege
guintly,—fluent al -—"'J"-—"+ 15 the chance shat the porson -
"t
ol the present-apge a has of surviving the persan of the pre-
sent age b The calmulzlion wf thes fluent beteceen any Mmits

e cifoected from the articiee of Scection g, rEFEr:r[ng to Bl
fluent of I, L . 10 [or g end rwe write g and b, ot
wi Wizl to have the part of the contingency vorresAding
te the intcrvels between r=un and r=w#-+ 1, fililug f=1 in

) (L - (L
the fisst of the two forms we bave it = 047 b4ny1)-( atnt Latnin :

“"':r.&

and by taking ‘s seccessively o, 1,8, 8, &c. and adding the




exiimalion of the valye q}".:’;:.*"-s ﬂm.ﬂr'asgﬁ?#cfes- . B4G

resulta; making the division by 2 L, 4 fur the aake of conveni-
ence an the sum of nurmeators, we oblain in o the sane fee-
mula excepting the notaljon, with the ingenious M. Mowgaw
first, and Meszrs, Barmy and Mg after Bim, the value of
the conticgency for any part or the whele of [ife, that the
age a shall survive b IF wo wse the second Foran, the par due

T

Lu:. b

L, 4.y this form, at least if the tables of martality Bave thie

Lo the weerval betsveen x and w41, will stand

rumber of [ving inserted for every half vear, wanld be easior
it practice thaty the other,  If a luss accurare solution wanld
ARSWEr Bub purpose, we might take ¢ emoch largecs i it were
taken ten years we shonld zoom get throngh the work, and
frequently with suffirient accuracy, either Irem Lhe article

- how fquoted, or fram Art 1g. of the same section ; thet due

. - Y AP FAE A L
to the Interval between mand o 4 2, el ttn sy Cagn Layusgo)

. T J_.rh i
T 3T I"n!r—ﬂ-l-n.’-
La, b

Are, 2. That A and B whose presvot ages are a and &, buth
die during the time; Lot thal B dies last, is from a aimilar

7]

. La+u+ it

L i
argumrnt = — fAuen| ol {1——Ei”) x ——:"’x = COFCCGHDN —
. T h '

i"2:r+:|.' i"r:-i.-.:" i'?;+.r -
- o 1luent Uf—]_,...l_ + anl 1hiz casc may he thercfore
b F R

founel homediately frome the other; or the oflter case imme-
diztely from this.  But i freun the period = ta s=n 4,
the decrements of each lite be proportional to the tjues,

how ever different the decremends of A's lile and of T's life



-yl A GoMorRTE"S onralyals gipdic bl to the

L .~
may Tu g then since — (11— —- "*‘) "*" may iF &= -,
a b

5 . r La+:
acrarding to the notation we kave vsed be written 1=

a-_l-.u &+u
I L J;I

--- L’ 2
ro=adom, \hll.llhenﬂnwhr*rcamuh _’E),m ot 2

our [Muent betveeen the linit z = and

oy

(R
- “I'E"'.J‘&ﬂ; thatis agreeablyea che hypothesss paticg L,
a

— 4 H " — 1
— Ly = - L vnd Ly — Ly ppm== . Lpyn it

P Ly, —L L o L
[ .
bemmcsl:'l— ;‘.']'") L |a|:|+~+m | &t e IE ST .
T

L L

Tbae L*"i"+_"'.- this if # were eqnal to o would be rerbipsed to
*h

L L . oo

iﬁ_——ﬂ\, x(1— ':H'm\ ; whizh s jnet half the chance

E] L“ . e .-I|I

that they shall Luth have Jdfed 3o chat cime ;. an approximaticn

froquensly of setvice, and wsedl i many cosce by Mr. hios-
Ay, and the Cicotlemen who bave followed R, {F there
he o tores of possible joint cxistones, and that ba when m=, ;

. Lo 2
and v be sotpe posidve quanticy, the formufs L1 ""'“j,.
7" T

/

L : ‘.
fi— "’}:" ™% will net answer when =y, i 4 br the cldest;
b
L s '
when v =4 it wiil znswer and become & (1 — 2™ hutwhen
* ¥

a har a value, rhis mrust be mereascd by the charere that B has

of dyiogr bevonnd zhis 1ime; that 35, 3 nmal be increased Ly

L. —L .

-Elfﬂ; but if A be younpgest, it booomes when
b




exfimiliom of she vadfue of Mfe contingeRcrs. w5l

L
"= F+=', 3 (1—-—— £ Marveoyer, though the chance of A%

surviving B, heing half the chance of dheir both beitser dead,
‘i5 bere deriyeld from the hypothesia of the decrement’s being
praporticnal ke the fime in esch original age; chis is not
the only hyputhesis which wid cowse that reladen of the cone
tingeocies ; ot, wirch is the seme taing, pravided they bmh
arc to be dead, that the eondingency of A% surviving B shali
be equal 1o the contingency of B's surviving A lwe rhe

: , L L L L
Auxiotiof this equaziot’s = /1 — 24T x L o PR un i
5 Lu LI:| 3 Lﬁ
2 ) atzx _L!:+—
Bk L I
x £+ i and therofore 2 = — ¢ il conzequently
a s b Fx
C, R

i

takirg the correct [usht & we gt 1— :+*_H [1— """’}
a b
L

E e 2 constant quatitity ; therefore the floant 4:rf|:1— -

L L L,
w2t — _ the fAuent al & ¢! bis\ Zbtr. which eaken ta
L L L
b LI b
vamish when r =0 iz the conlingency according to the pre-

L.
Rt h}rpﬂtheq:s of B dving atter &, and s=} . (1— ﬁ—::

—Ll42 f"‘“)):f.s:.n' i) ('w)) Le,

*X L
(i-'— ﬂ-r_-: e | . La+.1' s ‘Lb-l-:'
LE F T - L“ :Lb

IIerce it appears, that wheeever the decrements of 1ife, or
the canstitetic of the Tunctions of ffe, it will be an egual




arg Mr, GomrrrTz'’ analysis appficalis o the

chunce if A and B ave bath to be Jead, whet|er A Jiss after

L L
B, or It diaz after &, if 1 _-—'T'nfz I g — £+x\;§b¢i”§m“‘
3 b )

stani, :

*“ Note,  If the constiteion of Both functons of Tife s of
“ one and the sane continuous charaeler, which is oot neces-
' garily tho caze, unless theyr be taker from one and 1tha
® same continuous Gble ;. then it bucomes an interesting pro-
* hlem ta search, what 32 the consiiion of the function of
*r life, ro admit of the aforesaid equality of contingency of A
“ dying alter B or B dying ofter A 3 on the condition of their
“ heah dying i that e thay st sy, to find thie common
¢ ghurmcteristic 1. which shzll b independent of g, &, and o,

-

r. -
¢ guch that 1 — -]-t—:f =8I - {?::I, 1he vequisip: rgua-
e nm abowe given. A as g oa problem whicli, from its
mode ol Falution, may be cqually faterestite to tle Aralyst,
az forming wne uf 4 pather novel species of prablems, |
shall give its solution For boch purposes ; inorder to which

¢ T first cbeerve, that unless £ be unity, it muat be expressis

-

r
=

r
'y

D =
. A ; - .
“ ble o the form -, zo that the equation mey Be wiiten in 1T
b _

L - L
ad-z B ]
dr D =13 .o

= frpn 10 - — DB ; othorwise e

¢ waull oot be a perfect similacity of the character L, on bath

; D
e giles of the eyuation. For the sake of hrevity, pud. Ii': [‘Iﬂ.
i

rl'| . . . . . =
w gpd therefure -0 = I, and our eqguation will  stand
. “b
+z

“H (L, L)=H,.(L, ,—L): butby 'i‘.u*z.ulfs

-



estimation of te vafee of Kfe oontinsencicn. 25y

L L
a i '
¢ theorom Lu_‘_z.-_— L4z 7+ = » == - B, 2+ heing taken

' L, = L
foonstiit; andalsa L, =L, o — == - - 4 Bl &
b4-x Lo o age G
* being daken constant; therefore if these be substituted in
" the last equation, it iz evidenl that as the ting is ta ve-
= omain Leed, whalever £ fey be, the homelogrous pavers of
fr must desrey each othery end consequentdy we must
# have, by meking the comparison ol the coellicients of those

- . =

L L, L
' poswers in rle erjLaation, II . T: —a H = IIg.

r

-

. ..

r,5
“oeti Ho-of =H, -

b &, v and as this is the case what-

a |1:| b! ]
* cver g and b oare, i Tollaws Uit caclt side of the equation
1% L,
- tayuat be vonstant; therefore putting B . T = F s m=k;
B
“ pand & being constant quanlites, we have -L—= 3 4. And

&g
¢ o being some conslanl quantiey ; wnd this may be ooduced

' laking the floent of thiz, we have Ty, log: wf }_;.'. =—b-a,'

= g the form i.p = p. ¢* a, ¢ standieg for the onmber whose
# hyperbalical logaritlan i 2. and tiking: vhe fluent agzin,
“owe have L =o' —e" e o, ¢ and e being indeperuient
“ conetant quantities, thaagh ¢ is = — p . £ the independence
rmeins becanse g s arbilravy, And as the equaticn L, =
P ped Lerme ¥ o 2 aza b 3 --.-'=i [ .
W opeta, tisdkes LE.._;.'I.S_.: d —EﬂLﬂ...Lﬂ E_EL“
: MLGECEX. LI
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“ e, ; sl the conditions are fulfilled by fulfilling the condi-

L L :
“r tions that H_ . -J;'.’, and H_ '}':’ are comatint  Whence we

“ find the conzitulivn is L = e'=—e". ¢*; where o, e, 6" are
Cany cohstatts ot plezsure. Aod if [ mistake not, it i3 the
“ only funetion which will admil of thiz equality of chance
* ranlieonsdy brtween persons whese mortality 15 formed
¥ from the sume function: hot if ¢, be = 1 = ¢, anid 5 be infi-
*= nitely smail, this wilt st simply L o==¢'— " {1 4 a1);
¥ar writing g for e and g for #*s, this Decomes
" L= tfm=g®a, the [ormala of equal deeremenis in egual

T fimeg.” "
L L
. b
b oreover tlie sueme e of 1-—---%1'-"= 1— L+:,ll'-illI.EEE
‘ | [

s SRR Ly
the fluent aof a;”—i"" to be equzl to the Aucnt of & . ___I_.ii
L . \ #
s
L

o which if 1akan to commenee with 2 equal oo, will be

L » L L
1 b4z\ __ 1 b4z btz 1
—Tk.n-—( B = —lha— =2

L.'r: up

—;- ¢ atwd thig ia therefore nat only tho [uent e gques—

1ivn in. the hypolhesis of eonstant decrements.

Arricle g, IF ar the inrerest Lo be made fur mwenhey, one
vound discounted for ane year were represented by o+, dad
wre withed o have the prosenl yalue of one polnd, to be pe-




witialion of dhe vafue of fife continmences. 55

ceived 3t 1the first of the cqual periads g, after the time s—gp
that shall happen after the dealll of B; provided he be sur-
vived by A; and that that event takes place between the
etiols e—p and sg then o each separaes perod p, may
throuphaut its durativn, Be cotsidered within the Jimits of
cohstant decroments, the valoe of that parc doe ta the events
happening Telwesn the perods « and & + p, (= being aome
ane of the torms a4 e—p, 4, 4 < p, &) from Article 1 of this
' Cppa—Logrgs) - Latwsdn wrp_ Tusno—yp
Loa T

sochon will ha

L < I L
Lo b adctly "“r'fl"“_ Ftp Tat xFEi. l-+-r+,b: -

La—-;p, b—p i ) 1’2--- Ta b )
if o e interproted by s—p, #, 2 — gp, & the aum of 1he

r r

L .. L T
whole will be —"'I'I”"—:‘"” 2 ?IL._._:J., b—p — ——2L "|a a4
o, o | —r——r——— o T | —

Fa_j, 00—
If p b o year or unity, thiz will ke E—' = {the an-

T

L
ouity {or the time oo the ages g I?a:'u:l b1 .-_+‘i,,;

-3

antuity for the 1ime on the ages a4 § and &
Il the value of the contingenry, doe to the intervals betwesn

L cwLlg o+ EL a—%L_ o —3L .
'I'ﬂ-“ﬂf-{-P,LFEWTltEEEI [l M. ] T P LUt ] :-i-i-.-:.b I.:Il_r-_l-_|2|-

L
£ )
we v obtain the value in the forma ol Messrs, ddoraar, Baor

- Bga. o =L o
and MLE ; far by reducing the farmin the shape diL T :+-"' L
. .
L L. L L
g i'—i!'kr'JPI_E;_f_*-"_'"_i ,"_"'.r-'”- :-MH-: and
[ | I'B ﬂlﬁ_}' 1 ‘a HJE'

inerpreting « by a—3p, &, & 4 p, fic. woe have [olt Section 3,



ash M, Gowmeente's smelysls applicabie to the
r

(~

. 3 2 I
frr th of them oll L hoa b & "hp
the:  Simy T | i -4 5 - .’y’z’a,b—p

"
g #p o _ . :
___% = B - a—p & Lhis 5 the same in fact as Mr, MLag's

form, cacepting samething move general; in uz much as
it Telers tw the case i the asserance be tetpocaly, and
transfareed a1 the same lee, atd et the oterval g iz naot
Recessariiy ane year, and thay it pefers elso 1o ihsurances
when the contingencice are taken mamentazily; but it must
he: remarced, that in thiz case p being infinitely zmall

r r
L el L e
1 by P P _a—=p P .
B lu, B—p — — I i :I ampok will hawe thic sppearaice
tor some readers of bring equal to 5 ; whervas tiat 15 pot neces-
: - r
L e

marily theo came; it iz (roe thal the ratio of L, £, alnb—ptn
5. u

r

L

kit 8 £ lompy 5 will dliffee infirceely lietle From the rat i of ey,

o o] P — s
lity's hut as eluzy will Le each of them infinite, thedir difftrence
may be finile, See how to caleolate this yaloe In the Schalinm

Arl. 3.
Article 4. A vorrect nolation af the vazluc in the lest at‘til::]_E

- x
& (f""ﬁ' o . :
i in manformity with our plan = :::5"; T, % = | PEPRR Py

& F
Aadif e LL,_H we Wit La-LH_’, 1 will express the value

of the assuratee of the death of B, praovided A he deadl at thae

X

d
time, other things rumaining the same.  And becutse :I'ﬁ!



estimation of the vadae of dife contingencies, 25T

et

La'_'L 5+x— =L (L5+1r+u- 5-{-1) e —_] b+ x

A t+pL.!i I-:-!-ah_L-E'-.l-_.‘-'_ e
and ﬂ’—f’? —LE =
np— i

F

| s lherelore the valine

—_—

ER G

—

of 111is E‘Dﬂtlr]LL-[]'L-}" is 5'}-—111 iLuf the lasl article.

Aricle 5. Mo, 1. 1T I:here may he a continuaece of certain
independent avents, denoiminated far the sake of disgnetion
I, K, K, i, &c.; and the chences of their continuing the
Hues T, 8 &, den, Be denoted by Ko, K R fe. re-
spectively, then will 1 —K . 1 —K, & denote e corres
sponding chansea of thelr not cominuing  doring  thoge
tioies | l':w, I.{';, I{;, fec will express the floxiones of the
chances of those events continuiizg ;3 and if tieec fluxiona be
taken with reganl to the respective under wiritlel letbers
w, £, ¥, &, ifiey wilt be the chancee of continuance of thoze
respective cveats dov to the linke limes s, &, §, 80, respecs-
tively, on the consideration that at the terms @, @, ¥, &e, the
rauses, if any, perturbating the proporlionatity fo the (imes
wf Lhe digeantinuance vanishes. Al wsoder the ke Torpe-

thesis would —K_ |, —K°
T o ‘
the chances of discantinuanece, express the chances of the

dizoominuanss taking place during the limes e, %, ¥, S0,

—f{;, wlich arve the fluxiona of

e g Heoce we see that — I{; K: is the Auxion of Lhe
ghance of the cvent K discontiniing, winlst K continoes ;

-F

& .
and — 7?|K' . K" Is the chance, that Beteean tlic timez
m¥ & %

e —— ——————— S



T 50 My, GoweERTZ's anafysis applicebie to the

amil ", K discobttinoes during the tiwe of K%y caninuing :
And if y he eithcr a eonstant quantity or a fonction of x,

x
ﬁ :
. ﬂﬁ; K will denate fhe chatos due to the fime between

wand =, that iz whilst 2 Becomes from 2™ 1o be equal to
m™; that whateyer & iy be, at the e of K™ & disconti-
raance, that k* shall be in continpance at the garvesponding
tiroe ¥.

No 3. —K’ (EK K R’"] will dencie 1l chzoce that the
LAY I -

eyent K canfinues during the e ¥ ; with the pravisa, that
the event K" shall fail somne time belween the Bnes & and 3;
Lt et the poprcdilien that whensver (haw event shall take place,
the eveot K7 shall nob yet have discontinued,

I -

e e Ul . :
N g And — H:',l(\ nf1—K K" wil express the similar
L] T

chintue, except (hat the dizscontinuanes instead of the rana
tinuanoe of K™ is ta take place after the discontinuanee of K¢,

¥y I
No, 5. EI{I{_ E} K’ K.'} will denote the portion ol thc
JH y y I x .
chenee due to the fime between & wtrl m; of K discentinuing
after the cvent hus taken place of K™ having discontinysd
during the sontinuance of K&y if that seper—contiveance of K’
shuuld nat take place before the titne &', And if in the alove
exprossion 1—K_ be wiitten far K7 every thing wifl be the
same : with the axception fhat that part which referred 1o 1he
cantituance of K, will now refer ta the disconlinnanee of K
haviugy 1ake place.
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= r

N 6. HI‘K-‘ K;‘Er'—| i K’} will denote the portion of
chance due tw the time betwern @ and s, chae B shall dis
gomtinue duc'ng the confinuance of K, on the condition that
previously ta 1har event taking place, K* zhall after the time
A lave discontimues] dudogs the continvatce of K%

And thues we mierht proceed to an infinite variery of cises
with regurnl to the Iimits in time, with regard to the nember
of evene, dce, ¢ arul however compeonded aml munernus the
sighie of fheentigation end summation may be, and if thes
mode ot enuneiztian he duly consideted, it will be Jound that
the meaning of the mure compeund cases 35 lonch easier to
express anil to undersiacd, in this analydcal Lugruaize, than
b¥ & mure claborata phrasealagy; and that this mode oo
bles ws as soon as the rmeaning of the question s e
stood, granting the theory of summetions and fuentizaiions, to
zolve it,

_ MNo. g By way of ilosimtion I shall anly add heve, chat
the mature of the events to which 3, K, K & may reler,
is walimited ; they may rvefer to single lives only, ta Joomt
lives, to joint lives cannesled with ather joint Mves, o
jaint lives connected with deaths, fc. Aud thar mare eom-

Cpounded casea may T understacd, 1 also mention ibat

- I

: ? o >
r—w=pl(=hP, w K' K" exprezzes the essurance of wne
WepR] =

m—p|

~pound to be reccived at the Arst of the sgqual ]:rérind.g &, aldter

the titne #=——p, that shall happen after the discominuance of
K™ ; provided that thar discontinnance happsns duting the




L

ufio Mr Gomrrrre's sualyis aphlicable o the

comimumezaf K and provided also, it heppens betwoen the
time semp and m ; the prasent ¥alue of ohs pound cortain to
he receiverd b one year Leing conal o r,

Article 8. As itls probable thar cle reader will be desivoua
tiy see the appilicalion of sur theory ta same af the prohleama
which hive been csteemed the mast %calt, T shall consider
tha prehlems which have been solved by Me, Mrroan, in
the Thiloseplical Transactions ; atid in pursuing this olect,
I zhall take the examples in the ovder in which they lhave
Bt pressnbed by M, Baear, in his waork on Asegrances,
Irom page 2of, becaure that Clentieman’s hoak was Inomy

‘hanrj when I wurked the examples. _Nutr:; that the objrae

which I denate by g, haz with (hose Cientieman the par-
tiewiar value ome Fear; awl 35 supposad hy them to b
whaolly within the limits of proportional decrement. * Note
lso, that the presany sges of ..ﬂ,, B and C, I dennle h_':,".-:a
bend e,

Example 1. The chanee of & dying, the first of tha (hres
lives A, B,C,is by taking ¥ ot MNe. &, in the last articls =

Y N r' ll-i-.l' z:boey
ane KY'— the Huent ol —-L
Lb, c i La ' R, b’ Tf

Il # be within the Erita of proportioral decrements | that
iz of decremen(s praperlionate ta the tioes) chen by Seclion g, .
Article gy the clince of the veents happening belween the

x
] il SO o= | Zeite 4, e L—-—"*"""’x
LimeE :14] thatis = | r s
" G 7 el Falis ahr Lo s
j o afp ik La+w_1"a+«+ﬁ Lb+={'Lb+=’+P x % r_Lf_-!-w
etpib,c Iy -, " L, 2

o
ur i ¢ be smali; such for juslance ns ome yrar, it will g



estinmazion of te velwe of e contingencies, glir
Loy —L,
i ) o s e i 1y az the oiher
simply TR'L;+i:b.= very ncary the
FS

purt witl be comparatively with Lhis extremely small; asznin-
slance, i p snswered to one yrar; e, o, e, cach o 34
years, and the Marthampton Tables be used: the errar caused
Uy neglecticg the pact in questiots, will ot amoont e the thirty
{free thousandth part of the real value, The error cowarda
the very ocnmoelcement of life, or towards the end, s cor—
taitly greater; thus if the values of afow, fidoor, e were
all po; the ecror wif e sume tublve, and on the same hypa-
thesis of decromont, would bear g nearer propartion 1o the
real value ) B would ol aracont te thieare Luoel-ed and ehic-
tieth part of the cead valee ; acd it sheowald be abseryed in 1hese
extrene sises, (he kypothesiaz itaelt iz defecrive.  Morssyer,
the: present ralua of one pound to be received at the end of
the time o 4 p, if the event shonld trke place berween the
times w and o4, will be the szid vxpression « »=+#; and the
s al all the veioes produced By interpreting =, by a—p, 1,
w, & u me—ir, Will ha the present value of the assurance
of one pound gn the ceotogeticy.  If we wish o caloulate
thiz Mom tablea of che values af periodic incomes ; as (he
part due ro the irterval hevween « ald = 4 f, may be ex-
Jresged by oegleciing the small part above ailodad ea,

Pt lwia b4 151 Ceind pbdpe s

ar its equal

J"d,b_.e
=+ p L.:—-,I-.-&_I.hp c—4fr L:-_'u' b4Lp £ Ip x4p Lb—}‘- —p
i . 0 : o " o —y _.,_."_z_,
“a, b, Hax—g, ﬁ—sp. 5_1"; * L, £
1L s
% pr b4 1p,c+1 N . .
X - "; ET az P—~c+’P; aund incrcfere we have the valoe al the
oy snn;_,b.s-—gp -
asRcTanee equal b
MnDoCoXX. B e




2z M Gomruate'a enadesis appdicable és dhe
r g r
L . Lotsd ~
O—p, bemlp, c_tp B 5 g dmip P
|!' = :P 3 1.Fx "d"*PDHP"“"“‘{P-__i:_'_LE £ﬂ'|j‘—‘£|'||5‘_'l;_|hd
“‘a.d-,d H ) j_. [ nj |——
This is on the suppesition (hat we laye neglecied the value
L ==L L —L.
1 _w=tp a4 &4 p b R
duc to the DAt — r M=l o o % N
Loy, =L

=+ . .
T L as Leitigr exteemely small wlen pois small,
c %

soch or shstance as one yeur. Bur I obacrve that a near ap-
proximation of is value i thiz cage ix ane twelftl of the in-
come certdin for the torm moltiplied by the chanee of all throe
dying between the fntervals # and #=kp 5 and ay oo cxample
of p=1 p==1, und the corrosponding assurance for the whole
puossible joint existence he reruived from the Marhampnon
ables, for thiree lives at the ame of go, 3t the intecest of g per
cent. ; corzidarmg 1he last income pessibly to be received, 1o
L at the age gy, the term will be &g, and the gbprerimmiive
value af this neyglected part, iI the assurance be o ficeo. to
vz paid for in one paymeut; will be 1coo » ﬁ?::—:i:‘ﬁ’:,

== ahout ;:.if?-n of one pound, which iz lesa 1han thees penge,

Il we use Artcle 1a, Section g, we shall obtain the same
poriions of the coptingendies as has been wsed by Messes,
Muncar and Beacy, wheooe &, :

 Wobe, I muy observe 1hat if the contingencies were as 1n
“ thiz exampla with the exception that A Is te die before any
« of the lives I, G, D, F, &c. the valoe would be

r

L b g d— g R,
i 4@ !-'.IE'__ -{PH-’ \ 5 L H i—?-l""‘i]"lﬁ-‘{#‘! J_Ilﬁ_,k;,_'-
oy £ i T i

L I




estipatian of the wafuc of LifE comimeucies. sy

- 59* e=tp d—dp e P'.s-.m-.-g.;- eI g d—p &C. vLTY Barly.™
Ly, oo dy e =
Wote ule, that if the lives be zlb cyoal, and there he g

of them ioeember, the contiegency of one it particular dying

F— el

hefure the yesc will be — flucot of 225 __L‘i'_f;l e

. T=y
eomimences with ¥ =g} =1L — r"“"“” ) urudl tbic assurance on
q .

L.

that contingency wilk be -;’- % the assurance an the joint lves.

sy = (if it

Exarnple 2, In a similae manner from Art e Ne. 5, of this

L L L e
- - cx Hhyx cdz b4 x .
EEChIan, Writnyr E L— " + i — Tr— : T fr K,

L
and +: for B we Tuove the cenle ingency that A is the se-

J.I

cond which faile of the ihree lives A, 13, (== = flrent oF

oL &L, 3 L,z E 2L L

s - T [ )
\Ir" r :- T 4 +. a4z .lt'l ,T_ u'+:) — chance af
" Yo, “h o= b

A's dving helore C 4 that of A's dying bafure B — twiou the
chanes of A% dving hetore i and A 3 2nd the sesurance js in
a sitolar iwanner made op of the assoranges an the like con-
tingencies &3 hlesdrs. Morcaw, S liave shown,

L L
Exaraple y, IF K™ be ot = 1 — -Eﬁ ¥ 1 ——iﬁ; that s
ko o

5 LF+I L.-E'-I-J' Lﬁ+:' T'E-+’-' ﬂ'l'||:|_ H"""— L:r-_l-
L Ly = Ly L,
amclc: Ko, a: we shalt have the oon? ingency of A's h-e:mg

£ inthe samc

ML

the Tazt which F.H.i[ﬂ of the three lives — == floent of l\_]‘:"'.'ﬁ



iy Mr, GrateraTz's aalysis applicable to the

T.L+‘_.La+x_Lr+:.L‘+I Ltoe Lags

s ————7F" | hepee tha ag-
Lb. a L:, a l’n. b5 }I

gurance on this cantingeney is aqual 1o the assurance on A's
death, assurance oo A's death if survived by B, —assnranee
an A% deall if survived by © 4 assarance un A’z death if
suryived by B and C,as My, Mokcaws, 8c 1nakr:5 L,

Example 4, f K¥'=1 —[1 —cl'l') (1—

) and K™

L
L) —‘ii'f, vew sludl see thist the contingency. of A's dying, and
u

thal e iz the 12t ar and 1-"-Iu-::h dms, is equal to — the fluent
a+x .l'rlcp-.i T-'.i-l-: |:'-|-:' Lg

Mgt < T 7 +L.i_

‘,nl Henee, &,

hxam]:le 5 1N Alzie be Lhe sevuisd o tlacd which fails,

L.
Uy tuking K¥=1 — E’a' *, mamely, the chance that [ and ©
8, ¢

ava it boh [iving, we bave the contingency of A’y dutiy

—— ;.
= =« Aucnt 1 — I"b"’ . -{j—f Henee, &z And the aszsur-
O, e =

anet equal to the wesurinoe of A's Bife absolutely —the assur-
amee of hig fife on condicen that he dies first.
Example 6. If A iz cither 2o be the first or lust 4o die = then

I
is the chance -on his death equaf B0 — fluent of ""'"

L i L
r:b,c b4z :-]-:
x(?u{-l— 1= )_—-_ﬂuentnf]'_._,_wu

£

L. L
L Aoty
£ L""__ ”"-I-g i l:_,.ll Henga, For \
: 4 e 8,

Exzample #. To find the contingency on the firstaf the two



estisnation of the oalue of Kfe conlingensiss. s

Jdeath & and B, provided thaz that he the Aest or lust which
L

dics of the three A, B, E. Here I first ke A LI

=" 'F"l'f--t
L L,. L,
KM= -2: and then take Rl == £ and K¥'= —Lif ;i
u i, b
; . L
‘d4z T x:Db, ¢ B
Ifind the cantingency = — Hueut @E( e + _I.Ir_i‘
W 1 e
= = fluent of S12 H—: E-“ — coTTootion —— — e
|.' A, .u f

i
+ fuent of —= i  SEE. Mote, the word correction might
u & a

have Leen vroitted by cobsidering i Implicily eanfained in
the ward fluent. Hence the assurance on the first of the
deathe of & ard B, provided it be the [vet rao fail af (he three
A, B, C, iz cquel ta ithe absalute assurance on the three juint
lives, Jess the assurance oo ©'s lite, prrevided he dies first:
the same az br, Batry makes it in a note at pags sqo by
cemparing the resule of his solutbn with 2 Froere salurion ;

bt I should observe 1here i a typographical eroor o the st
by inzerting 4 ABC instead of — ABC.
Ezumple & If the firet of the deathe of A and B, is to be

Lb-[-x
B 7
i

the zeconi of the three; in this case taking lies K'=1

L L L -
+
—=1 = Ib'”:md K= —24% and then K'=1 ——H
K L 5

- i
L (P P L

T d L, = ) . WG gEt the EDH[‘II’IE&I'IL‘}"




B

4

=Lt Mr. GOMUIRTZ'R stalisms ptpicalfe fo the
L L =L L '
ey Wim L . LT,
{obn g b T Jif.Slegrestion=s “Eablgent
L i "] mE Lg,&
af ( I'.-:.| o L-: —= LE|+: ' L:-.|-z JL.r:J,-s La+.r ﬂ": DO
3 TN e ] L
L, I L. L L . L. S —
Lf:-{-.r

« 0 )i and the asgurznes on the eontingency may evideatly
dar . -~

Dear the form in which 2o Baosr ez pot it.

Exaapla g, Cnthe death of Ui [ost sueviver of 4, B and
C: provided that should be either A or B - this contingency
ity 1 similar menner ITam the praper merprelalinns of K end

ar e - Mo ! Lb+x Lc+x
E*™. 5 found Immediatuly = — floent ef [1 ——— . 1—
4 G-
L L L 1
atx a=-x cq-x [ETA cH-T
. 41— i - i = —flncotaf 1 — —p—
Lu Lﬂ I".s I'.‘E __.ll [
L L L i, T
" [_—,__!‘b'."_’a.{ﬁ_l'. 1— I" = .1';"."\"12;]“&11Ln|'1.-.._£:"_'=
g T u i T
Tl L L, T, o .
g A . + e
.1:-1— L & . U S QR LY
£ ,'I 4 b r
I L L
of EE ‘1 btz L 87TY  Menes the assurance an
Ll.' f ‘L’é Lu

this comingoney, will b -q_-.|_||_‘|i|'| 1o the azaurance o the laogest
of 1he three lives ; w= the 2ssurance of O's LiTe, rovided that
he Le the Liost which fails.  See Fyample . This o St 13
atmacst evident ar firat sizht. :
Fxample 30, On the dearh of the fivat of the bwe A and B,
provided it e the fiest or second which laile. This, sz Mr.
MWeugaw, &, observe, iz on the extinetion of tie juiot ves

A and B only, &

L e




eftrmiaiion af tie aalye af fife vonlingrencies. aby -

Article 7. I shafl now offer in the same order as in Mr,
Haiiw’'s wearl:, some ather questicne af hdr. kowcars papers,
which zre most of thetn of a2 nature in print of solution diffc.
reiity 1nas nough 2 thet they contiin in my method doeolde
flueils; or, as we bave eiluced them, comain floents moli-
plicel by yariable quantities. :

Example 1. The contingrency of the first of the deaths ol A
and B, which shall be the zecond ar third swhich happens of the

L L .
three A, Band €, will be — Huent of {1 — J+’)(_f-m)

+ fluent of f'——- [Muent of M) + Aueat of — “+E

c d
ot ﬂf?x—ﬂx. Simce the first part is by Artcle g, Do,
¢

- %, 00 hiz SBectian ; the contingency of the joint lives 4 and B
fauling attur G, and the sreend by Ne. 5, denotes the chanoe
of H'r dying after the event has taken place of A's dying in
the life timae of C': and the thied depores chee chanes of A's
dy:hg after the event hak taken place af B dying in the life
time of A; and independent of the vorrectivn, the frse part is
Leyze (La-l—.r * Lb+x). . the

~L
-..vulentl}r == —-—: e o fluent of - ;
a, 0,6

; L . L
- L Loy :
second part is == —Tﬂ fluent of —21F =Tt [luent of J’—EI’E’—“—'*‘_’-
A 5y &2 Ay &

. ’ B L L
anel the thivd pact is equal te — 1= femt of —<F7—04e
- o, &

L i,
o fuent af —S5RE- ok, and Lhe sum of the theee or the
“w b5

contingency in question js independeat of the esvrection
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afifl M, GouvERTE s dmedysis apdficadle ta (he

s ¥ -
L . L .L L
T 1 I
=2t 4 T Auent of HEAET L T fuent of
" L. Ly £ A T :
I_';_;,t ; Lf:-{-:r

s and here il is cvident, that when the livea arz all
c*

L L
- - r
cyual, the contimgrency will becowne constant —

| -
% constant - ( T ) orif &lb the fusues conmmence with
a /
L e FON L a
Remgftis g —f =it )~ —2EE ([ 242) Byt in other
1 Y e 3 B
/ a [ a
czses, if we are to have all the contingencieas commenee witlh
T=p, and wr are 5a0sfied wich the appeoximadon chat when
1wo perscns are dead, it 15 an equal chapee which e died
fitst, see nate, Att. &, S&clion 4, we shall have

_Lfs |z fueat of L'c-j-x ) L'a-| s ::-—I:I?:fr é’ LJ.-:&,E‘ % Lr:r'l.s !. £ L:E:a,i-lr
l'ei Lo L‘a_ L L:t..'.- I'i-,c a 2y by &
I B L [} L R
T+x o2 R P E 2 CEiml ¢ Crigdd
atul — = fluant af —_— = 1 — e L
L, Er L ‘ T L + T s z .I':ﬂ.E T 7,

L 1.
q [
and therefure the who'e hapomes — -~ L +x L _uts

37T
[*
L,. Ls. Liia b €
_x :.5,:_; :'r.n.-: i.n..C_I:a“d&lnPaant the
> Ly Ya.s Lo, bt

cenlingency dus ta the interval between the times = abd = -2

o YiiemMawp  TateTladerp | Deiselaapine
e - s g it 4

A zLj';
L —_L L. P
- I TN roa kg ¢+P-£ LR
. ciL'_#_'.-L A — ‘—. Herce 1)ie assur
. G © po g

anee of uhe pound on the contingency, in gase the event should
[N hetween the tmes a—pr vnid m ¢ o be paid at the fiorse




estimiation of the valne of Jife contingeacios. 2l
af the equal perinds 3‘: from g=—sp, after the cvent, ]JFD'- Tckere]

’,

it be nat Beyood the time s ia L. ﬁ +—- n a + v|

r

r r
? .
4L nja,c — »|w byoy that i half the sum of the assurances
mi—— =

m
for the term om Li'a life, or A%z Lile, rm B join Jide, and
on AC's jrint lile ;—th assurance on A, B, C's joint life for
the term @ oo the supposition that if two persons are Dol to
Be dead, in & certain time lees than their possible time of joint
cxistence, it iz 2o equal chance which s the suesivor; our
theopemy therefore only goes to that torm; zfrer this, by san-
sulting the farmula, constam] —— LZ "a—&" + L_ifi fluere of L_i‘::

La+x

2 alen
ane which muat of necessity die belore the extreme age of B
or A and f there is a pessibility of bis living as lohg as 7 s
leas than wp; we shall have L, ,==0 aud the Auanta of

Lar

I- .
flucnt of - Ei" —: we And that i e the

L L L L

t4r Todr ﬁ

L L P i 2 after theat time cqual —g and — &

A a~

(3 ] e d
if amg and — & be the vaines al that tite; - alter thet time, the
L L
E tr 5
contingenay, iz canstant— _‘L:"_. —_— i‘,,_, ) E"“'; i
2, & L, 'x

the whole assurance be vequired, ind the whalae value wrhilst

are i 110 Erealar than pe, to wehicle add ,bl-r L ;:-|ﬁ +-"’ .ﬁ ' .

ml— ~

But if & be tle oldest, and (hare is s pm::ﬂ]:-lllt} of hia ]mng a5
long as & s less than g, but not longer; use Lhe theorem as long

KMDOCCOLX, Mn



I ——— ! ———
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B Mr, GoMerrTz's sualysis appficabfs o the

vz 7 i3 less than ey iF the whale assucance he reguired: and
Ll Ll La .. lr
obeerving that when zis equal to, or gveater hun g, that _tI-.

d

I L L L
(] o

ftuent of —¢F P HE 5 b. and thae fluent of—okX Sk

L. Ly g L Ls

will be= — g, f—g is its ¥alue when £= s, we shall find
the continganer alter that term, that iz when x is proater

Lb-i-x
L

than W, == Conskint —gr ; and ., the remander of the

assUrance Will e =g . F'Ilﬁ_ to e added, Tdo oot state the

cawe of B being the oldest, broause it iz only neceszacy to
write a for b in the Yast case to have Lhis,

I[ we shouid not Le salisfied with the approximatizn de-
doced, by assuming che equelity of chanre ahove mamed,
doving & long period, we have vuly to divide the period in
shorter pericils 1w aflsin aoy accuvacy, being cuoefd pro-
prt3 10 eorrect the fluents.

The theerem L beve just given for a solution o the pro-
Llem in question, {s so mueh mwore sinple than the zahitions
I hare seen to his problem, thet [ 1hink it propar 10 ioform
the reader, bhet the causs Will Re omdecstosd from Art. 6,
Section g5 atul that na fear may be left in using the Tlwa-
ramm, | shall paint out the wenectien betweet this solotion and
thet piven by Mr, Baavy, and Ishall for the easicr eomparison

denate L, Lg, L. Bya, b L, L Joop by d e

ba" e
il Ly oas Tapapes Diqugs BY a6, " and @z the cone
tingcuey, that the event takes place before the expiration ol
g1, Yoeurs will be found by writing 2 fur & in the formula,




- the corresponditng value of

exlimmation of the value of Jife contmgencies, w71

T, L L
P L E . £+.r
conatant — ——% . T"'" fluamt nl —" g
: ‘d',il ~a 1,
freang af °+“ : —= bi*. e find thiz value cwler the idea of
|: ]
o | W

ertslal decremetits for the whele term o be 1 — =y

ac  €.a’ . FiE wa'e =
'(—-{'&?-‘-_-—' ‘m:+=.r-r)+_(_rai: +§'M
” ot B s Bt e
—+ T g =1 L s — T = —
and under the samc hypothesiz of th: congmEnt  decre-
mends, during the whale time ad-1, we have 1he corre-

a".l'.c’ 1 Eﬂ d” . B ot
s & M 4ot b -

a@’¢ .+ and the excess of this abave the contingency fov the

—+5
- & — L= L —L ¥ —at b e
terma, is + = 4 + "}—-—"w: = =

1he sarme excent in nata*mn agz before, as it slhoold P:-e ;R
dilference of the opergticot only being in the notation. Bot if
we anly consider the wnifprm decrements to reach 1o the
petiod w. sl then doricg the next year take proportionel
decrements duting, the year, we shall have the Hluent of

apending grmfrgency 1 =4

R
P o ac eo* o
T answermg tox=nd 1, =—3iZ 452 —5
: Wy n R .
+ -.'---::' ,.. + = "E. Yee Art. 6, Section % eonsagquentiy

L %
5 .
‘the value al —L“- fluent nr——:j’,—,_i*—'-fitt:lswerlng trc=Rr4-1
5 -

ot A AEe, ati e
2be 2 alec ¥ 3zbg ¢

8= """T+ -
: Lye Lj

& +2 )
fuent = = wilf he




i —— et

—

T S

- —

.

2%z My, Guurewre's awelysis applicalie te 2he
o < F & a” 2o B Tty arbaer
p— LT g I ol 11 o e a .
—-""l"“ LI Ti‘-a-lra.'ir_ Tgﬂ.FJI_:u:'!;:
. ] . .'I: “,ﬁ . g In .

and the corrcspanding value of o =— Hence we
have the contingency v this ]]}fp-c:u..lu,am dur to g1 Yrars
D , b  a y , 2B by Cat
= daae g — *.r—-—+ S 7 e raam T

A a.= w v '-m " ;
. L P AL =i - arul il we talca from Ehis

abc R 1add aia !

the chance of the events happaning i = year, the remainder

will ba Lhe chance of i3 happening during the Iarerval be-

. . r_g

tweell ® and #41 years; and will come oot cvidontly 9-;;—-
e L L R A e Ry

_I‘ If ark E d 1 ¢ R

a! lSH' I‘E 5 _._zul FIl I:"

2 L= And if we consider Mr. Balny's &, ¥, 2
2%, T o to veler o the 5% and a1 year, and callect his

1st, #d, gd, rth, Gth, Bth, ¢ih, and 1sth, contingencies, we

(45 , & o oop
shall fcd them amount tal="2 |'";i-!-_ S _".z-.'iT:!' Al

collecting Lhe remaining: 1|:r|.'ﬂ$ winely are gth, yth, 1sth, 101h,
Fo Y fada | dg'—ag® ot it

and 14t we olain — S T a3

; and if these twa be added topether we shall obtein

a.f nfl

the ahove oxprossion,

Faxample 2. On the condageney of Lhe fiesr of the deaths
of A wand B, which chall ke the first or last of the theee &, I,
(. This vwill evidettly be the sum b the continrencies, of
the fuial lives discentinuing in (s 2ile tine; chat A dies alier
B, ¢ having died before By and that B dies afver 8, © having
died before A ; therefore Ly Arl 5 of this Section 3t is == -

L L . L
4 =+
Burnt of =t (2120 Tc
Lc Lalﬂl F "\- a [ )’
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Leyry
+ fucaotof

+3 ¢+: ) h -
il £ flusnt af ([ | = 5 ) Uk oan
iy J I:

sidering all the ilur:nt.s b AATLMICILCE wu]'l I == u, the second

L—1 Lps
termn s == fluent of "'"'x 2bs o fluent of c“ T'ﬂ'
ST :
b

. £ Ly L
and the third term 9 = f[uent of i\—,,ﬁ H( *=I+I —1—flnent
8

‘a

L L
of —':L—'H 3 a+z>), amd therefore the sum of the fwo = Ausat
c
L L
b
of [ L+x : ‘;+I) — Aucat of ( = [fuent of —F= c+: 5 %‘
Lot “a Iy &
L L. L L
4 fluent af E fuent of —t= ey, el
I, '-": Lﬁ L L
F
L5+1

i apd ihe whale by compadson with the com-

muncettent of Lhe last example 3 if the luents are o he cor=
reried diy a .sirm'[ar mannct to vaniqh willy #=s shows imme=-

diately that 1 - 3%

X that vilue is equal Lo

this; and t!]&r-;:furu' that the assurance af the coatingency
fiere, is the excess of the sum of the assurances on A's Lfe
and on B's life singly, ahove that ; 1his agrees with the inge-
pious e Adinarn’s abservitions on pege 2y of his wark on
Assuratices ; and thersfore, according to arre sulution of that
vase, wo have during the possible joint exlstence the viduc

r r " r r
o < =
» ? ;n L
=<i.n +%.n6——;-. ﬂ-r-——_._—‘-1=la,c+ SHor, anil
m m . A — ]l




27 M. GOMPEATA'2 gaalysis appdicalde fo the

bavond that termn the process az in the last exatnple. This 13
accarding tothe hypothesis of equality of chance, so olten
metioned and used by br, Morgar, &,

Example 3. On the contingenoy of A5 dving after © in
the Tile time al A, This should come in the list acticle, 1% it
doos mot involve the douhle fluenr, hae 33 given here naot ta
Enterrugt the arter o wh'u::h I heve taken my exzmples: the

L L
solutiem is —— {lzend o 'l'['" 1— ]"f—" -tlE and i the
a a ~'b

chance of AR dying in the life time of B, = the chanceof A's
dying in the life ime of bolh & amd B Henes e assurancer
in deterimmed I'tam thaze cascs, ar M. Bany has done page
278. | G . ¥ : :

Example 4. On the conlingency nf v's dying last; cn the
nundil:in::—:u that . diea before B, This will evidently be Hucot

of a+:[ﬂue:|1t of {1 — ;fz) b+x\:|-_. if all T.he eondngen-
¢

eies are supposcd to chmnlnence with £==o, and the foctts e

L Y
£+ W
cotreciad to \’at‘mh with : z==a, fucht -:Jfl" ";:"x = iI =
e S ..
= nb
— d"l'_x‘ ﬂumt af -Tstfr b'l'X\ e '_5+_x+ ﬂuent e
IJ. e L"j. I"u- -

L 2 i B
a0 s a: Aueat uf H“’ ; H"' — = o faenre ::-f'—“ﬁ
Lp _L.ﬁ 14 |:' J ﬂ; C

L6+x
5
been already delivered ; and thenee may tl.e ausurances ke do-

termined. If we ariginally in the: ex peesgied Huent of 1 —-%

; and the manwer ut'ul:rum 1t each of theae fluents has
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i 3 i . ]
-——i+x, which we will zuppuse te commences with T, write
5

L L
- i i e -tz L o 1
ILs APPTOE INATe VA — 5 (L — T ) (1— ) et
L L N
L : 5 :
-+ & ?-: -+ -Ej-— :fr-—i—-+ = —L+£; vwe get the eontingouey
- '+ hi !

 TRTRG R P
=1 (++x—- 1) = & Huene| ~;:'|:f,“T'H’) 4= & Auent of
. a kY [0 L

/L L “\ L - Ly . L 3
(FEF T} ffentof —E—HASE an approxi-
e} r L)

mation during ke term of joint existenge of B and C3 and

hence the melad of fieding the assurance for that teon ;. for
gach part is evident from whar hes been shown 3 and hewr 1o
proverd beyand thar tern, will be evident by conatdering the
accurate Huent,  Tiie thiz Iast meched throwe the approxima-
ticw wn 1he whale value,

LExample 5. On1he deach ot A, provided he be the Gra) or
seeotid of the theee A, B, ©; and provided O 5 the Iateer

L
cagse dica befare B, This comingeney jze= — floent ﬁf%
: L]
L L L L |
B sz o o ] 541 afx
t g e ﬂuemr:-F[i——,:r— L= fuent

1 i,

e + :

af ( LL:' - ":l; and the ansurapce is the e as the ws-
(-4

aurance of A% death, on vondition that he diea before By oae
Messrs, Muncaw, &c, makesz . Thiz dees oot contain 1he
donble Aluent ar the vadable quantty muldpiied by a fluent,
and therefore may ke congidercd out of its place,

Example & On the death of A, provided he be the o or
=1d that fails of the three 4, B, C: and provided C dics be-



276 fdr. GOMPERTR SMfVels ifsblicable to the

lore Bi this 15 = = Huoent of [( -

a-l-: :-i-x b+:.-
{1 —=r

L L
— Huent of 1 m-;—""x s b+xl“j = HAuent u”\ “+’ [ﬂu:nt af
f

L L L
o . .38 —"'-{'—x\‘l — 2T )it uf L —5—+—'5—ﬂuent of
Ly L, Lb ¥

c
L

. ll'l_. : . .
E'E;E . f_-!'r o ind eicke part haz been alrcady imeated on.
[\ i d .
Example v, On el deash of A, provided he be the first or
last which fails of the three ves A, B, €3 and provided C in

the lutter case dica before B, This iz evidently = — floent

L k. \L
uf EL-"-I' { I]:E,E_HHEHTI:! __'ﬁ'i ﬁi }).,-,*-—'HUE".E ﬂf
a € g ¥

L I
adr Tibac 5-|-.1.- | T ] L
-— —+ 4 4 Ilueot UF—-— — rEmle
L, { L s Lb J
» ‘]+
— Fuent ﬂf(—c :')—j— ot DE'{ = f"“\— f+x
“h ‘B
L L L
O4=
fluct  of $ . b+x 4 fluent Df : |+ w At Eﬂt]l
o r:. C “h

-part haa been alrezdy :nmrdered
Example 8. On the death of the longest of the two Inres
A and B, provolel they be the first which fall of the three

L
A, Band C; this i3 evidently Auent of( < {1— 2L

c a

| L L
1— -"T'“}‘) = — flpent 1.|f‘-f-.-":ir — T Auent of H'"
= b é “a :

L L Ly on D
oo ! gtz bbIh soks ;
o + Huent of ':::_ ol ) i and e gssurance

a4



estimlalion of the valie of Jfe contingencier. a7

i7 the sum uf the assurances on A iF he aurvives O, and on B
i e survives © — elye assurmnee on O f e survives 4 o B,
Thiz agrees with Mr. Bariy’s deductivn. Note; for Auent of

- 1. L
.n' i b .
i +’\ we may write ————— fluent al -~ AL
‘L Ly Lay b, o “a, b
. aEn
L
[ . - .- .
. L"",when-:‘e oo, amd 1his not ceneaining the Puent ouiti-
c

plied by & variable, may he constilered aul of Its place,
Exarnple g. l:i'n the langest of the {wa livea A and B, pro-
vided they be'the lust tist fail of the th'r':—'e A K 0 Thiy s

| T
¢l T b+z+ b-l-x Hoent &F

e
% [
JEET O3 L . L
§ o A AL - fnent of ats b+"— 1 — Aot of
T, L I, L,

L L L L
ctx b4x b+x/"atr c+.t
. >+ 1~ — 1 — Huent of

S L i
z L] H N ? it
— correthon — —t 2 w — 1% + lz o . fluent af ( L+=

Li’ 5 L.El 2y a

Lyye-L L | RRE
b t
. fluent ﬂf—'n—-kﬁa‘-ﬁ\ — [luentof otz Auent of X2 2+
= 4 L L T

c, b < 4 c 4 3
% L L
' . -] . -
= corroction — ——= — —L;"—-I -+ E —_ —“—I Aucnt of
i i £, & by

L - L L
b b
|[ f'“'_ "“‘. e + (fluent v] — H': 'H':) -+ fluent of
r b / a
Fops ¢ Teea Y’ ard we [may weite tar fnant of Fods Lriad)”
— il : , e
T Lﬂ“_ﬁ ' Y L-i_.lﬁ}

T

L L
. 15, , -+ .
its enual i:b — fluent of { ‘a‘; %’-JI atul vach part, as

MDOCOXA. Oo



25 Mr. GoMIERT='® analvsis apdffcalis to fhe

well ay the assurance on 2ach, has been alieady condidered.

Dwr il we use Totnediately for the appreacimatian of me ﬂu_nt.z.

T L L
Y o U L £ PN WY S — - Ly 2 , when t]'l-::-sr: cUL—
L Ly . L H
[} a (4 - s
1i]1gemﬁea arc meant o commeance when r=a,_ and wuul to E#BT

Jonger tan the possible julnt cuntinuance of [ife, the upproxi=

matians 50 often paed, whicl are raspectively— -‘— + < 2,

bdz
4Ly, = Los, o —d o dlg 4L, —iL,,,
put fareoula, J|1de-:.¢Lt[<.'|Lr wof #Be wliove redoctian, vnl'. hm:um-ﬁ
fluent Of{ s S L—"5+'F.Lﬂ+x o L Legs Lot I{"“‘E"
ﬂ"a : :L’b E 21‘«_ E Lc _Lz L Lb,e
Lu - Lh l Lu-i--' 'L-'l + T L+‘+i L-\.’?-+é- = r LJ.' L T
L, L TTTAL - T TL _ "L,” !' T
T 1 L, . L
. b - T S 1 d‘-u-r'____l._ J-'+1' Fid, F y
-_Lt_- .'? = uriecin 5 k. T, -.|- {- ..Il..;.

, L .L 5 L b 5
fluent of | --cfj‘r'— ‘:'H'II <+ L fiiren ol (%—x 7 —L_'".f) — & Auent
i g ¥ S “c 5

T i A

L fi ., ¢
af =+ (-I—“’b> Lot thiz last methed throws the approvi-

mittun an 1he whnle tenm.
T may okserve Lhat the fitst method will Fesnlve itself inn

L :
i a+x b-]-.r t4x ria, b
corrretion — T + fluent ::fl( I ( ))

Le r: L’n. L]
— centingency of Lxample 1 Act. 7 of ihis Sectiow, and the as-
siirance will i consequence ha the assurancea on the sinple
lives A and B #ogether j—the assucanoe of that Example ;—
1he assurance an the three joine lives A, 0L O =L the assuranne
of C'z life provided i failz beforc A and B, The kst twe
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expreasiong al Lhis formula are derived fecun the resaluticn of

r".r:d'.b

L I ' L
tm, -]
Auent of —2 f_=mby -Tx" 22 fluent af I
L. k J“n:l.ﬁ “u. b, 2, b

Lc+.z'
o
c

Example 1. € the dearh ol the longest of the lives A
and By provideal they be the fitst and lust of the three AR

L L L
cn BN, -\. awh T \ b4z c+rx
EmdL J“Im:_.m ﬂum-tnf[ 3 izert u.f‘{] __&h . _.;-.}-I.

L L - L L
b4z , at+x stz -!' , radrx c4r
T fluent of (2 - __L.g T J] == furnt of 5 ("L:_

L
b
—1 = fluent of =12, a'“ {—? —1
L L L L
e h, L h =
— ﬂur.nt uf —= ﬂ} == Gurrestion — :'+" — 2
Ly & oAy r '
L : L... L L
flnent of "T""  —— 4 fleent of ;'!1 : i""F— E— flucni
L  SATEE *a . & 2
¥ L. L L L L :
. L -+ d o
al == 4 0 ene af /=, 1”; — 1 fuent al
Le . LI__’_ i L. L.

rL.'I:!d'|E| Lc-]-.t
r'n'. b L j
Lizample 41, On #hw devzh of the lengost of the fives 4

L
and H; povided B dies before £ Thiz is fluent of f--rJ'l"
\

a

L T; i,. L L
Rucat ol =12 "+5R'I\|_ﬂue]]t ._;.f.ﬂ{-l_ -"_"*‘J’) _FtE
L L ! 1. - L 1
] 2 4 o a F &

i v L ; F i
— E'H Auent of E"'I.ﬂ)—ﬁuenl L LT .
\r - L; Lo bl

—

P —

.

W —

(=, . -



1 T M GoMPERTE'M aralysis ﬂpP.!':'.:'.gEu!g ta the

2 L % it S Sl 6
£+r b r
— fuant al % 4 fluent of 2L i*’ = s
" b L - T

oy

L L 54
)
, flnent of (-;f—" .—L'H — fuent I:rf‘%"—r. i
r 1 T Lﬁ 2
MWate, "Uhia resudl noay be obtaked o rather @ more simple
manmer ; for (he chanee depainls un the two events ; namely,

thal & shalt ke dead, anid chat B (lies whilst © i living & the
T L I
fotmer i 1 ——25F and the Jatter is — Auanr of r+.r o
J".'.r i r —I';

and the rectungle af the two gives t]-u: exresgan abave,
Txample 12, On the desth of & and B, pravided zanother

S
hte{‘ dies before 1. This is fluent uf{ ¥ fuentaf {1 ——ts

L‘
L s L I T
. Lb—"":'—ﬂuenr f“. 1 —%’t—’f 1 e I Anen ol
b ‘5 3 ‘a G L
¥ a
L L L L L
b
5 ‘L_""' X _I‘j_:\_ fluent of {1 — £+x S H'x)
. » B 9 i o i
L 12 L UGl e B T =
— Rucor of E+x,1-—-—£—+x.1—-%'=l—'- H"'.l%
i) u ] s
dos 1"” - :+: fuent of r_'1_.+: : ,-_"'t — += + ﬂuent H""
A - - 0 :
Lb+x . & . -
—r—. I the contingeneies bugdn with .
- ;

“There arc saine vheervations to be made o1l (the mannar
we have correcied the fluents; and alsa on the manner of
caleulating withour the wsual eables, for which consutt the
Seholliih,




estfmation of the wades of Jfe coRtingendicd.- nBl

wckofirm.

As the Tables caleulated for the valustion of antuities or
yearly incoines may be secviceable fur the valustion of in-
cnmes pavehle at less periads, it will ha proper to shew howor
the velue of zech incomes depend on zach other; and alse to
ghuw Ttow to compare the valoe of asserances an lives, wnen
the zum assrad 08 Lo e raceived 1l some gna ol 3 pumhber of
periods which is to happen after the death, reckoning from a
fixed period, with the value of the assurance, iF the sum is to
B raceited at @ given «disiant lime fromg the death ; far in-
ztance, what is commonly called the assurance of 1. on &
Iife, is the value of one poatid to be received at taa firs anni-
versury from the peyment of the premiuom, which shall hap.
[en after Lhe death; but it iz noe the value of ane pound to
be received at the deaeh; and it is, as will appear farthar on,
very nearly thu valve of ane pound to be received a ladf
Fear zfter the death shall happen.

»
_— ;
ATl 1 Problem. GE\’EHTI.:,&, aviee, 20 [ind ﬂrr_. By ¢, 2. % 8 nearhy,
2 u|— TR | — -g
-*;"— teling & whole nermber, and p o small pericd ?

’ r
“f—’; \-_a/l .
Salution. We shall have flg e = 1 Los e an <
[ H4 _ﬂ._?!_.__._
r r -

i) ] ] '
n4p \-r- b ke o oo [mboomn L, w—gla, b, ¢, &c. -
Bt 3 o jfe—— nfz [ Ty br——

Lm: T by R
Llfa ha g &0,

Tut cunsidecing thar doring the whole of
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any small doverval g, that the living correaponding o time
which are in acithmetical progression, are in peometrical

r

prugression,  [Swe Seotion g, Arto®), s o e wild

w+p—g
L . ;
Gt Wt bra,bar, e
L P, _FL i T :
w:a, b, c, kT ta, b, ¢, &c. -
he =71, - e —x—'——l-lwa#;hut h‘..'T.".Ir:]'.Ij."—
u, B, £ Bce ¥ =t5:ia b, F e -
—r
: s “roupdy ey e,
I. . ¥
. Fgi0 b0, &ey P g I, : i
pothesis "Li' i = —;’I—'b—-—w-"' LS congequenity, if
i, B0 ] o O, £y BEC =
"
L. o, i 1 =7
v put rf L =S TR weshallhave e |uboec
wiua b, G Eo. Tdp—
: 1 ) : ;
I 1K, Er fEIL | —k - F
=" — L5 B —. [lere & §s penerally very
i B &G 1—(1—&)7 :

small ; and if in the developement of 1+ 4°, we are sabsfiad
with retaniny only tie first and second powers of £, we shall

\‘-—l—‘/ L
. '
have f§ fsese =i . B EA

! &
ot fp—abl—————— 2y B ﬁlF. -%_%E_:}?_ @ - 17
- Lr:ﬂ.\;.ﬁm’- u 1 | L:".d'_:ﬁ,r &c
e T {1 hrpmeerly) = F
; I"-f.,-'.-,-' iy p 7 “u. b, ndr.
L
ptq p—y — p+g * “w:ia b, e, &e. P— wfp
x [—2 s L P = D AR b i _2‘,.- s
( 2p + 2p ) 29 ;"ah.j,n:J La + Ly
L
coufoe, ke ' . .
—':‘g Heaee, if wro intarpret = succeseively hy »,
w, A oo &L :
Ad-p, ntap, Eoom—p, we aball pet as an approximaticn

r

—

s ‘
from the above value of 7| dac e, 3
: - s

2, Fon dre, » L = .I-s'_'l_.-'!'_
A L zp




ezlimation of the valve of fife contingeucies, ak3
3 L

- wa, b, e, &e, p— nf nof #ra, du, S, \| f.ﬂ'-ﬁ-;. ﬂ-[-P
F = B T, P eLiga o, e ic.
Lu': &, &, KL, + zp J'ﬂ'.&,.:. &, A s el iz bren

+urh+zp Lu+:ﬂ-aﬁ-,|;,&q.‘-|}"””|'_p im_-“ Ea,il;a:r'
oEp a8, dp Arc. E ', 8y, B
L_ . i 1 i i
moT B o5, &Y £ _mzabie o by o8 T bo e,

» B—y m
—, F . . =2,
» g i"rr. b &, Bes, ) Y I'a, [ I TN r Lﬂ'J By 6y Ene.

x [FTHE, Lets:nbontn + i, Lotajponboeie

+ 1—
n 218
mf— _m ::l!-n'i._.-:J .

1......-]—.?‘ sl 5 _:i—:"- = L
m:aeS.E. de 2 2 by 8, B0

”»
—

—

~. p+g¢. L — . fr-L

b2

nid b, &C. m:n, b coda

“-"-"u.s..,-,,&.:.

I

n+pia,|5.c,-!'¢c.,1.'l1'
H e

f
=—le[ (’I Lﬂ -I;&.-E,EI'_"i-f Lm - ¢_k|_.:|'+ ?Elﬂ Jl.-;q
F I w
Az a particular cxamnple, if we teke a=a, m infinite, A=t
r r
g=1%, we huve ;’[n. Sooor F =4 + TJosd o s, near]y, aned Lhere.
1. »
2 i fl in B
fore a5, cac . = nearly 3 — & 7 + “15.. 5ok},
! _é o — . — a’ 5’; 1 ———
xS [T T—— . .
{ ot hecause r*—‘M diflers but little frem ocity) ncarly
"yl R

equal 1o g = Tl 50t that i2 an income o[ halF a poonrd
E

‘paj-"able half. ;,.rearljr on the joint lves of the apes o8, &
15 mrerly equal to £ of a pound 4 the Jifc enouity of ocne

pruad en the same lives, THy =g we have ‘f’lln_g".__l ar.-+—F
o

r r L
— I “i:a,b,¢, &c.
b o, 5, o, e, UFATIY ) anud ;‘] [FPI TS SN L g LS
,a_ ! ] u_c : s S ~a,be, Boc.
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r r r
+ ‘;"u_ bo ke =kF T |o. 2, o g, Dearly ;i suoilarly is T,.?I,,,.s,.—, &L,
) p— P n

P .
T TF' s.e ke, OeLr] ¥l that (s a moEe Ty Income,
. 1

whicls i yser certain without interesl wraudel amount to one
pound, will, il it is 2o be received on the jomt bves g, b, Ro
recroning luteresi, he worth § - the Lile annuity of obe
pound payahle on the joink lives a, b, ¢, &e.

r
)

Art. 8. Moreover, hecausc {Art. s, Scotion 1) 5 ey
m

—_—

= , v r AR
—_— ~
X 7 = L .
= n—lz, byL, Econ 7ie— 4 |_“|5| P ] il‘asrf.&ﬂ-- rf+f'.M
m—y— | ' La.-Ln:. K.
r
) AR e R ; r m-4-g
._‘.rm'H. —~?."'£'5' Ll zq.ﬁt o o=, Logiadie, bn =7 “Lmeo. e e
“n, Iy £y i, ! - - J“n:.&.r,-&u.

r
S

- o .
— (1==r%} m wm bog ke, (035 (herefore from above ==
H

r e ; Te= BT e
pn h—fra b e &i “m+g:a, b "-"!‘.:'—{I—-:rﬂl {’F'P-"q'l‘xre,ﬁ,s,ﬂu.“rm : Lm:mﬁ.ﬁpkc.
A,y &y Brc, . zp- Lp.#.n:. Fay;,
r
e

? ; . . .
+ ntpafc,ie [ L f=1, §—p, a=0, = bnite, since 1 =77

—

will be cqual 10 ¢ hyp. log. of L we shall have T, & ¢ k. ==

[rd —_

nearly 1-—1 hyp. lag. of —— hyp. log, -::-1"1T " %'.f.s..:.h.'. and
1

if far — by log. of — ar its equal hyp. lag, of i— [i—r] wve
write — (1 _r}._ﬂ:_’)“._-q'-;—’]a, fic. the expreasion will

e L 2 o—mi o £ e e e e — e —
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- . . ' 1—r
eyidently, since ria near unity, bo nearly cqual to 1 — ——

[ T — r

lmr 12 7 i —_r =
{J_'r:l 1 + ||[ = } Tk |ﬂ, 5; Cr e, l.-.-—_-]'IE‘.E.r"]__'!." _Ir_jr' 1 II“'-' 'F: e e,
1 — gl

r ¥ r
hut h"’|i~3‘r'-fr'5'!'-'-r =r— |:I —T) ‘l’lu'n!.r.-&:. P 5la B e = ‘IT
1 1 | S

r
o E

T

r

X T|.,. ¥ o, ez Oeirly ; that ia the valye of one pound o De re-
1

eeived =t the disconlinuance of the juint Bves of the ages

2, b, &, 8, js vqual nearly to —; » e wirlug of one ponind to be
r

received 41 the first ensiversary from the preseot time, wlich

ahall happen after thie liscontinuance af the same lives. Also

=
X I . ] :
ﬂ'|f""""'r":' 77 or which 15 the same thing, the value of one

pourel tr be received w half yer afrer the discontinuance of the
B
Joint Tives ia nearly =", 3, o %, » 0t the value of ane poynd
' | ———
tu e received at the fivst anniversary from e proscot time,
whicle slmll hippen wfter the discentinnunee of the joint, lives;

and 7l b, e ac . # I3 NEArly = “"J_,, b pea P Ehat Bs the value
I 1

al cne pamnd ta be received one FE:E]' after the dizgnmiinuance
of the foim lives al 1l ages g, b, ¢, #e. s neurly cgual ta rdox
tlie viclue of the same contingency on one pound tn he ge-
gaived at the firet anniversary which shall heppen after the
discoutinwance of the fonl lives,

Art. g Again with respect to the caloulation of the value

r T
L L
= b—y a—q :?-1
of the expresing L, ' A |abes=——— - ol a—y from the
MDCEOXE, Fp



LN Mr. GoMTERTE'R anelynr applicable to the
r r
. b—p F e
vulue of the expressian & £ Aeb—p — -L'—’ . fla, E—p, and
m T T pR—

the like ; o= Avt, g, Seclion g, I wheserve i L:- he a whole

-
T

nutnber, snd B Amall, from Art. 1 of this Scheliom, that Hlb_r. b

ELL] [

r

. L ¥ Ly
o _,5_9- i Lu::g..b"' m:E,ﬁl + ‘:L & - .f..; thepafore L—i‘
R o Len i 7 5
r 2 r
7 L, 7
O el e L I G FS MP

r

rnch:le“rﬂ'; Lq_-,:p—.f,nl.l_f”i _ru:i'—-il.ﬁ'}+'::|asb—f

’
L i .

b—g F __ 1 o —
.—Lb_. !-.—.-..:l:d—g,.il- Lu . ?. EutI':'::a,b—y_Lu.:b.d—f'—

Lote = (Lopn % (Lagimp === Lpsd) — gy = ilaye
% (Ligo—p — L, g3} vearhy under the bypothesis ol ¢ and g
being small wtetyala; and this ke ub evident reduction i Sitn-
Py £ (Lusaamp—Luss,ap)s and in the same way it Is

S.E"II:}WTI that Ll. '..p,E!—il '-_I'h.:|5| a—q — '%I:Ll.:d'_. .ﬁ—ﬁ _IJ: <4, p—_p}

r r
? e Bl L
nearly.  Moareaver x|, fmp . Tt — :Irr—g.ﬂ- .t =
A1 | r— ] ©oml—_— -]
I’n:&,ﬁ—g"Lx.ﬁ, u-—;+ rn-l_-p Lrl-! p:g..‘i--y"“r‘n'g;:-:a__;.‘ﬁrh &c
L‘!"' : 'L'rr-.ﬂ' L 2
L —_ L
B H ,L— :5 e
== [rom above, nearly .% .{r". “—If”-‘-f = 4 ife y
wEy s



extimation of the vidne of fife contingercies, 2f7

kb b niprafep—Latp b s (Lsp &
SRt . - +8:c.}=:_g_{—.b£-£-;d,5—p

L::J ,
£ ; 1 by
—L.?I:—-‘c m[ =] Hence we gctTi J g — .:5-
v
i o f s, e 10 T ; e
‘ :5,n—1r-—n-|:arl:r'—u o i S 7 miabt = u_”

TR | e—

A, &
~
Lb—p I

o
L ~
-+ - n[n. g — = ﬁ|f a—p,when £ iz e wheole
Ly A Ee—— L, s.-e T

number. ;
Ariicle g- It is proper tn nbzerve, that whal refers 10 the
fluents of the expressions T = Do o Lygrahegex L.o
te. of Boeotion g, equally apply whethar 1. in the dilterent ex-
pressions Lo, .0 Doy L & ds, mecdalis mutands, the same, or a

different functional chapacturistic, whether when they refer o
Nife cottingeacics, if Lo the ene part vefers to ane given con.
stitation, and in the ather part it refers Lo another conatite-
tion or not; for mstance, iF Jo the expression L xL,_H.,

L,y refers to the Northawpton lives, and L, to the Swo-

dizh lives, or whether they both refer 1o the same lives, &,

Whether they refer ta the number of living at the apes g4-z
and r4x, or whether they refer with respect to the variable
LINE F ta eXpressiohs compeunded of the number of living
and dead. But tostead of reauming the characteriztic L haee,
T gahall, with a wisw to better distinction, consider the velue
B .
—Tl M, Moo and [ observe, similarly to whal Is done in Sec-
w+p



1.1 Mr. Gowreeare's analpsis applicalic b e

tion g, that if & b2 put =w-=2, und that if when ¢ bo not
preater that f, Bleyy Do equel to M, — R and N 0=

£
N, — ', suilicient]y near, that we shall lave iP| M, N=

t ]
f‘mﬁl o5 E\M,_M-,e W N ] = = N, ML
2 b ’

R —

DM N = — N w Me— 4 M, =N M,
' F

= (I =My p ) M""’f' _ Andf therefere if M, represent
)

the chianuve 1hat 4 cerlain cirenustance shall exisl ot thetime z,
and N, 1he chance that eome athar cartain object shail exiat at

the time £ ther the chamce that the sreand ciceonistinee shell
fail duging the existerice of the first hetwesn the time N—p

-
and st is guffiriently nearly = :;4 (e — Npgp _M"+‘§P)-

And the prugsen value of one pound {e e received at the
firzt of the periods o, -4 g, 24 ap, dec, from the present tione,
which shiell hepper alter soch 1ziiore, provided it ahali take
place between the time n=—p and g1, will be accandiar ro

-
hy pothesis with sufficient proximity = ,iﬁlf{r"""’xﬁf— JN

™

xMyy)= 2" x N, Mpyp) — 2| (" N,y x

m—p 3 - mog
M, ;). And thi= mode of ovestiration will alliod dffeeent

maodes ol spluton to acs THE Examelis v SEoTiaon g Fov
ingtance ; i this be applied o Bxample 8, Ate g, Seotio 4, by




R 4

extfmation of e value of Jffe cortingencres. sfg

L
and M, ==. LC-H’ ki
¢

aesuranee of one poonl on the continguocy af that cxample

: L L o

r + -5+r cdmrdif

will beeome 2 (r'*‘? (1—— T ) (1=— —»Lc_)
.—.1)

('r+:|5 (1 t+:-r+n) (1= :’J+-x+p) c+s+§p)_

E
wking Ny = (1 — =
F

n——p
m—p

o Zetdp
L

tervai, the firer in the ime 2—p, 20d Lhe [ast in the tine s—
on the Lfv of the age o4 2f, wlter the deach of the 1twe per-

w 1he income al cne pound payable at every pin.

T o
£—sd .
sapg af the ypes 2 and 8, — 7= x the tucome of one pound

c
payalle at vvery pinlerval, the first ir che tiae 7, andl the Tzst
in the time g an the life of the ape c—3 4, 2fter the deach wl the
apes & and b 't Begause :he firse terem of thess two cxpres-

; 5 = .
. L L

“ sions a rf, +"° ::'n—,t (7" 1— %’kf " 1_—— I_ .ﬂz}‘_
: R a 5 Loy

L I. Chage
ﬁ * s X
("H’ 1— ++'11—- L+'.J‘E’—"'E‘]and1‘hc
.l:u—_lﬂ- i b € :

L
“ gecond 1 term ul the expression js ___,.'L!'.E a T](,-n L q— _adw
m

L

a

itz Lr+=—*=-°)-'; (FH Dttt o Fedey
e T =1 ; Ly ° Ly

z:+_'|'_IP) 0w Ly develope the e:prlz?mnn in 1he farm
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“' F 3
(" b Luabetip  Lmipiabo—ip Loiaesip
;:ﬁ L,, b, ¢ a, b, c La e
Lr:b,c-t-{-p Lw-[-P:E.c.-—-%p Lw+P:5,c—%P .~ L"""‘E
+ L + L e
I ; ac _ b . . ' c ,

¢

r r r
_— : —— — . 1 %
(nf-pla,b,c,+§p —_— ;r-p-p a,c4+1ip — nﬁpllﬁ.c+-}P ) - E 2

r r r

A N N - 1 e

b » b 4 e | A 4

#la, 8,c—1p — nla,c—Ip — u[5,e—Ip ). When the term is
m m m

tiet very [ong, eapecially when there are many lives cunesrted,
it will be often preferable to caleulate weith the wsipal tables
by caleulating each term of the é:-cpr&.'asinn Py

n|—_p
M,_I_P,when put into thE ﬂ'.-rrrt —N,,- Mu—p‘f‘Nr:‘—"In-J-p-

N‘. Yo N"+P

,,.J‘__E_ = fon, Pmd I lhml-: u}mn many lives an& cobierned,
z

¢ tliis will gener‘a]]_',r he 1hE'h¢g: way, if cven the term should
be dang : but for the suke of procventing: great erroc in sucl
Cises, ur for near appeoximatinn, the fellewing hint may be
serviceahle, Sopposc we wished o catculate 1he valus of

- .
: ﬂ A, thalis the sum of the rst 8o ['-;:rms of tho seriez wlose

.1 1

™ term is A, []1en sikice A|,-1_ m A rl'| A + 1 Axr

+ :‘f‘A,..f,&c. : A,,-that is the sum of. eight ferms of a
76 . ) '



estimaiion of the valve of Sfr comdinmencies. 2yl

new aerics, whereal the ficst term iz cqual to the st b gthds
15th &e. term ol the original sesies; the sucoml term equral
to gnd - 1orh <= &re, trem of the ariginal series, &e, it will
fullow i aur opiginal series he 3 graduelly, buk a very slowly
A 1
converging series, such chat = differs very little from urity 3
x4t *
ginee cach tevm af the new senve will be nearly squal bo each
ather : that il this onethad be uzed, we shall have a means of
dotocting any great errar, a2 it would be evinoed by a Law grreat
dillisrenipe pronluced in differenr terme, And 3 an appraxis
mation to the value be sofficicrt, we may avoid great laboor
by taking B x Trl_-'!t , 00 B u 'j;]ﬁ,_ for the value of the zum;
; s| ) ' :
w ¢

Fa

and if r doca oot differ much from llﬂi'}’..:.],ﬁ-r rwillhe nearly

o e Sl
o - -
g 1= [T e— 1= B w—p 4
= x |7 A orte L. 6|7 -
O] 2R

“Artog Ttomay also be serviceable 1o observe, that if M,

M7 N do ol eontzin Toot ¥, that ::q\[‘ﬂ; _:-LI W ]'l;'I:] by
, 5 5

= Ll
pUttiGg QM; M = I'-."j ‘F‘I‘[E] b:mmcér Ei; NJ =M. N —
y =

. y
J — a ke g’ n 2
MM, — :|th N, = N — ML N, — :*|M,. Mj. M; .

|

x ='|L'-|

b 4 hy )
M % 5] M M, = M, x J B M?-—qM’ M, M; because

:|

E
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. : r .
when M_, M’ do oot contain eitber 1 or _}',E‘:' I T'“:f;s :lli"r!_; I'r"]'jl--
5 G ¥ #|
atid therefore N_.'= ]"r'I:1I H__f. This loem s pl dowen {or the
purpuese of reducing double fluents at viee, such as veene o
Suctiot 4. In a sigoilav manner mav the annedioe pedoelion
of analarcns teiple fuents he showng and T oy remark, that
iy the deuhle fluents of Sacticn 3, the vase of the guestion
may nat elways require them bmh o commupence widh the

,

sat: value of . The application of the symivl ﬂtn' all
w]

cases of definive and indefmile fluents, and of simple, double

firg, {buenis, mizht be entered nn perhapa wilth AlvapLage 1o

olher nranches of the mathemetics; but tlis 158 not my pro--

gamt chjcot.

Art, 6, I in the rootn of M_ of Art. 4, of thisSzholinm, we
put #= M, M still heling put te rupresenl Lhe chance that the
said certain eirenmsatance shall exist in 1le Hmge =, wa shall
have thu preseot value of anc pound to be reccived immedi-
ately vo the failure of the second drcutnstioce, provided it
takes pluce during 1he exisienee of the firsl circumstance, and
betwesn the dmes #—# and m, merely by making that sub-

slilutiar in the expréssic-n nip (N _— N,_H, ” M,.,__}p) Ly
Hi—]i :

1.

which meats é wAll Lecome ri_p! (N_— Nots Py M,,_-,‘,_n_‘g}
TR

or i3 vqual # =32, 3; 0 being pul for the value of the con=
tingeney as in Article 4, of thiz Scholiinn; namely, when the
payment is to be rade at the Rest of the equal periods #, 842
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&co. from the present time after the failure, provided it takes

plsce between the intervalsn —pand s, And 2 ! N.—N, 4
m—p ;
i M.,_j_#) ar 1tz equal % e N — N Mg
iz the value iF 3t is to be peid fmemediatcly alter the failure,
provided it takes place between the inlepvalz 4 2nd . Itz

| neccssar¥ &0 add, that the maithad pointed out in Art 4 of this

Scholinm, for eolving the problema of Bection g, will preoe-
rally produce results which do not agree to absolute mathe—
matical exuadity, with the results of that Section, excepl the
mterval ¢ be Infinilely small ; bot they will agree with each
wther as far az the first power of § iz conoerned ;. wlhich when
£ Is tuken, the smallest interval of the tahles will be as near
the trinh as any methnd should be cansidered to reach, as
leng as the real funection of life is not knewe ; wecept indeed
there be sufficient ropularity i the tebles to induce the beliel
that we may appreach nearer by interpolation, az hinied in
Art. g, Seclion 53 hot iF the interval p be not geeater than
oue year, this will give, [ think, sollident acewracy for any
ureful purpose, cxocpt perhaps [ yery rave casea, and in
whieh our tables {from more wtinube observation), should, T
imagine, be divided inta [cez pedods than yearly inberval, and
thien the same method would still apply by taking p smaller,
Thre zame observativn will apply if & comparison is made with
what 35 Jdoue in the present Article 8 of this Scholictn, witl the
other ardeles of the Scholiurn ; for instance, with Article g,
As pn anmity geenred by land, only differs fmin commion
Annuities, s much as 0 case of death of the lives on which
the wnnuity iz determgined, dwving the portion of & year, -
MOCEOEX, g :
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