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One knows that the general term of a recurrent series of which the generating frac-
tion is 1f;z is a’a™z™. One knows also that in order to find the general term of any
recurrent series, it is necessary to equate to zero the denominator of the generating
fraction, to seek the roots of this equation, to raise each of these roots to the power n,
to multiply each of them by an appropriate constant & to add all these products. This
method has all the inconveniences attached to the seeking of the roots of the equations,
& besides the form of these roots can be such that their elevation to the power n is
very painful. I am going to expose here a method which leads to the same end, without
that there be need to know separately the roots of which we just spoke & which give
immediately the general term by means of series regular & easy to form.

& 1. Let the fraction be %, which is the general generating fraction of all
the recurrent series of the second order, that is to say of all those where any term is
formed by means of the two preceding. Let m & p be the roots of the equation

a—br+cx?=0,
I make according to the ordinary method of the decomposition of the fractions,

a +bx A B

1—aw+bm2_1—ms+1—px
whence I deduce
bV +adm B (' + a'p)
 om-—p’ o m—p

A

One has also m + p = a, mp = b. The general term of these sorts of series being
as we just said it = Am™ 4+ Bp", n being any number, in order to have the first term
of the series, I make n = 0, this which gives this term

/ —_—
_Arp=Ym=p_
m—-p
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In order to have the second term, I make n = 1, & I have this term
a'(m* = p*) + ¥ (m - p)
m-—p

=Am+ Bp = =d(m+p)+V =da+.

In order to have the third term, I make n = 2, & I have this term
a/(mB _ pB) + b/(mZ o p2)
m—p

= Am? + Bp* =

= d'(m? +mp + p?) + V' (m +p) = a'((m + p)* — mp) + ' (m + p)
=d'(a* —b) +Va.
In order to have the fourth term, I make n = 3, & I have this term
a'(m* —p*) + b/ (m? — p3)
m-—p

= Am?® + Bp® =
= d'(m® + m?p +mp? + p*) + V' (m? + mp + p?)
= d'((m+p)* = 2(m + p)mp) + V' ((m +p)* — mp))
=d'(a® — 2ab) + V' (a® — b).
One will find likewise the fifth term
= Am* + bp* = d/(a* — 3a%b 4+ b?) + b/ (a® — 2ab),
the sixth term
= Am® + Bp® = d/(a® — 4ab + 3ab?) + V' (a* — 3a®b + b?),
the seventh term
= Am® + BpS = d'(a® — 5a*b + 6ab* — b%) + b/ (a® — 4a3b + 3ab?),
the eighth
= Am" + Bp” = d/(a” — 6a°b + 10a>b? — 4ab®) + ' (a® — 5a*b + 6a%b* — b%),
the ninth
= Am® + Bp®
= d'(a® — 7a®b + 15a*b? — 10a%b® + b*) + V' (a” — 6a°b + 10a>b* — 4ab?),

The law of these terms being now manifest, one sees that one will have in general
the (n + 1) term

= Am" + Bp"
_I/.n n—2 (7’L — 3)(” - 2) n—432
=d'(a" — (n—1)a b—&-Ta b
R TUES LR S S B CEL ET e
+ b’(a”% _ (TL _ 2)an73b + (TL — 41)(2n _ 3) an75b2
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One continues these series until one arrives to some terms = 0. One sees first that
the second series which is multiplied by b’ is the same as the first which is multiplied
by a’, by changing only n into n — 1, thus all that which I will say on the first of these
series will apply to the second with this single observation. The law of the same terms
of the first series, setting aside their coefficients, is quite simple since the exponent of
a diminishes by two units at each term, while the one of b increases by one unit. As
for the coefficients, they are so easy to form that there is no need to write them in the
general formula, a single rule suffices to form all of them. This rule is that if one has
the term a*b”, the coefficient of this term will be equal to the number of permutations
of u + v, letters of which the p are the same & the v others are also the same, this
which gives by the theory of permutations

123...pu+v  p+lp+2...p0+v v+lv+2...0+v

1.2.3...0.1.23...v 1.2.3...v N 1.2.3... 1

Thus, for example, the coefficient of the 4™ term o653 is

_ 1.2...n—3 _n—5.n—4.n—3
T 1.2...n—-6.1.2.3 1.2.3
The coefficient of the 5% term o™ 8b4 is
_ 1.2...n—4 _n—7.n—6.n—5.n—4
T 1.2...n—8.1234 1.2.3.4

& thus in sequence, this which agrees with the terms of the series reported above, &
which I had first deduced from that consideration that the coefficients of the first term
were the figurate numbers of the first order, that the coefficients of the second were
the figurate numbers of the second, & that in general the coefficients of the n' term
were the figurate numbers of the n'™ order. We can therefore in the general formula set
aside the coefficients that one will form always easily for each term according to the
preceding rule, & one will have by making

AW = g™ — " 2p 4 0" — a0 a8,
the (n + 1)™ term of the recurrent series of the second order
= (@A™ 4 A=),

This last form of which one was able to happen in this case here, will be useful to
us in the more composed cases.

§ 2. In order to give an example of our formula, I take in the introduction to the
calculus of the infinite of Mr. Euler T. 1 p. 179 the recurrent series

1422
1—2—2z

By comparing the terms of this generating fraction with those of our general frac-
tion, one has @’ = 1,4 = 2, a = 1, b = —1, in order to have the 7" term we will
make n + 1 = 7, this which gives n = 6, & we will have

A© =% — a*b + a?b® — 1%,

14324422 +72% + 1124 + 182° + 2920 + 4727 &c. =



& by forming the coefficients,
A =45 — 50"+ 6a%? — b =1+5+6+1=13,
AP = a° —4a®b 4+ 3ab® =1+ 4+ 3 =8.
The 7% term will be therefore
=13a’ + 8V = 13 + 16 = 292°
as this is effectively. In order to have the 8™ term, we will make n = 7, & we will have
AT =47 —6a°b+ 10a°b? — 4ab® =146+ 10 +4 = 21,

it will be therefore

=2la’ + 260 = 4777,
this which is true. The advantage of this method is that it is the same, whether the roots
are equals or they are not. If one seeks the terms by the method of the general term that
Mr. Euler finds, one will find the method longer at least in all the parts which consist
in finding the roots of the scale of relation, & if one compares the general form which
results from the method of Mr. Euler (p. 180) & which is by taking our denominations

o/ (Vaa+4b+a) + 20\ [a+Vaa+4b\"
( ) ) -

2v/aa + 4b 2
N (a’(\/aa—&—élb— a) — 2b’> (a — \/aa+4b)nzn
2vaa + 4b 2

one will find it more complicated & less convenient.

§ 3. Let the fraction be % which is the generating fraction of all the
recurrent series of third order, that is to say of those where any term is formed by means
of the three preceding. Let m, p, ¢ be the roots of the equation 1 — ax +bx? —cx® = 0,
I make according to the ordinary method

a +bx+cx? A B C

l—ax+bx2—cxd3 1—-mz 1—pxr 1-—gqx’

whence I deduce

- bm+a'm? _ (d+Vp+adp?) I HVg+dg?
(m—p)(m—q)’ (m—p)p—q) (m—a)p—q)
One has also m + p + ¢ = a, mp + mq + pqg = b, mpq = c. The general term of
these series is Am™ + Bp™ + Cq™. In order to have the first term of the series I make

n = 0, this which gives me thisterm= A+ B+ C =
cp+bmp+a'm?p+ g+ bpg+adp?q+dm+Vmg+ a’'mg?
(m —p)(m—q)(p—q)
(dp+b'pg+a'pg® + c'q+bmqg+am?q+ c'm+ b'mp + a’mp?)
- (m—p)(m—q)(p—1q)
a'(m*p —m*q —mp® + p*q +mqg® —pg®) _

B (m —p)(m —q)(p—q) -
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In order to have the second term I make n = 1, this which gives me this term

a (m*p —mPq —mp® + p>q 4+ mq® — pg®) + V' (m*p — m?q — mp® + p*>q + mq® — pg?)
(m —p)(m—q)(p—q)

=d(m+p+q)+V =da+.
In order to find the third term, I make n = 2, this which gives this term=
a'(m*p —m*q —mp* + p*q+ mg* — pg*) + V' (m’p — m*q — mp® + p*q + mq® — pg®)
+c (m’p — m*q — mp® + p*q + mq® — pg°)
(m —p)(m —q)(p—q)

=d'(m*+mp+mq+p° +pg+q°)+bV(m+p+q) +¢
=d((m+p+q)° — (mp+mq+pg) +b(m+p+q) +¢
=d(a®> = b)+Va+c.
In order to have the fourth term I make n = 3, this which gives me this term
a'(m°p —m®q —mp® +p°q +mg’ — pg®) + V' (m*p —m'q — mp* +p'q +mq" - pqg*)
+c(m’p —m’q —mp® + p*q+ mq® — pg°)
(m—p)(m—q)(p—q)

=d'(m® +m?p +mp® +p° + m>q + mpq + p*¢ + mq® + pg® + ¢°)
+ b (m? +mp +mq + p* + pg + ¢*) + ¢ (m +p +q)
=d'((m +p+q)* —2(m +p + q)(mp + mq + pq) +mpq)
+V'((m+p+q)° — (mp +mq +pqg)) + ' (m+p+q)
=d'(a® —2ab +¢) + V' (a®> = b) + ca.
One will find likewise for the 5™, 6™, 7, 8% terms,
Am* + Bp* + C¢* = d'(a* — 3a*b + b* + 2ca)
+ b (a® —2ab+¢) + ¢ (a® = b),
Am® + Bp® + Cq¢® = d'(a® — 4a®b + 3ab® + c(3a* — 2b))
+ ' (a* — 3a*b + b* + 2ca) + ¢ (a® — 2ab + ¢),
Am® 4+ Bp® + Cq% = d/(a® — 5a’b + 6a%b* — b® + c(4a® — 6ab + ¢))
+ V' (a® — 4a3b + 3ab® + ¢(3a® — 2b)) + ¢ (a* — 3ab + b* + 2ca),
Am™ + Bp" + Cq" = d/(a" — 6a°b 4 10a3b* — 4ab®
+ c(5a* — 12a%b + 3b* + 3ca)) + ' (a® — 5a*b + 6a%b* — b®
+ c(4a® — 6ab + ¢)) + ¢/ (a® — 4a®b + 3ab® + ¢(3a* — 2b)),
Am® 4+ Bp® + C¢® = d/(a® — 7a%b + 15a*b? — 10620 + b*
+ ¢(6a® — 20a>b + 12ab® + ¢(6a® — 3b)) + b’ (a” — 6a°b
+10a®b? — 4ab® + c(5a* — 12a%b + 30 + 3ca))
+ /(a8 — 5a*b + 6a%b* — b® + c(4a® — 6ab + ¢)) &c.



One can now discover the law of these terms, & one will have in general the (n+1)™
term = Am”™ + Bp" + Cq"™ =

a/(an _ (n _ 1)an—2b + (’I’L — 31)(2n — 2) a”4p2

=== gy (D=0 ) s
+c((n—2)a""3 — (n—4)(n—3)a" b

N L. UL LELIUEL PN
ro (N s 200005

(n=9)(n=8)(n="7)(n=06) , 105 (=1)n—=10)(n=9)n—=8)(n=T7) , 15

+ 12 12 an o 12 1.2.3 “ bg&C')

L (=D =D0=6) g (= 10)0= =80 -T) .,
1.2.3 1.2.3
+ (n = 12)(n = 11);7;_ 102)(71 —9(n=8) a"_13b2&c.> + c*(&e. + &c.)

+ V/(the terms which must multiply b’ are the preceding by changing n to n — 1

+ c/(the terms which must multiply ¢ are the preceding by changing n into n — 2).

One continues the terms of these series until one arrives to zero. The law of the
coefficients of these terms is the same as we have found for the series of the second
order, as one can see it immediately. We take for example, the term "~ 13b%c3, the
number of permutations will be

1.23...n—8 n—12n—-11.n—-10n—-9n -8

T 123..n—1312 123 1.23 1.2

as one sees it in our formula; thus one can set aside some coefficients which one will
find easily for each term, & this done one will find without pain the law of the same
terms, as one is going to see. We take the value of A(™) enunciated in the preceding
problem, & we will have in general for the (n+ 1) term of the series of the third order,

a/(A(n) + CA(TL—S) + C2A(n—6) + C3A(n—9) + C4A(n—12) + &C)
+ b/(A(nfl) + CA(n74) + C2A(n77) + CSA(nflO) + C4A(n713) + &C)
+C/(A(n—2) +cA(n—5) + CQA(TL—S) +C3A(n—11) +C4A(n—14) + &C)

One will continue the values of A until the exponents become negative. We
make now

B(n) :A(n) +A(n73)C+A(n76)c2+A(n79)c3+A(n712)C4+ &ec.

one will have for the (n+1)" term of the recurrent series of the third order the following
formula,
(a/B(n) + b/B(nfl) + C/B(n72))xn.



There will be therefore only to form the terms A, A®=1) A("=2) &c. & next
after these the terms B, B("=1) B(n=2) & & to form in measure the coefficient
of each term according to the rule which we have given above.

§ 4. In order to give an example of this formula, I take in the work cited of Mr. Euler
p- 180 the recurrent series

1

1424224234322 +32° 4426442 &= ———— .
1—2z—2z+23

By comparing the generating fraction with ours, I find
ad=1,V=0cd=0a=1,b=-1,c=—1;

in order to find the seventh term I make n + 1 = 7, therefore n = 6, & our formula

will be reduced to
a/B® = A 4 AG) ¢ 4 2

now
A© =g —a*+a?b? — b3, A®) =4® — ab,

therefore
B©) = a5 — a*b + a?b? — b® + a®c — abe + 2,

& by forming the coefficients,
B©) =g5 — 5a*b + 6ab> — b° + 4a’c — 6abe + >
=14+5+6+1—-4—-6+1=4,

& it is effectively the seventh term.
§ 5. In order to give a second example, I take the recurrent series

1422+ 322 + 32% + 72* + 52° 4+ 1525 + 927 + 312°% + 172° + 6320 &ec.

_ 1+ 3z + 322
T 14— 222 — 23

In comparing the generating fraction with ours, I obtain
ad=1,V=3c=3a=-1,b=-2,¢c=2.

In order to find the tenth term, I make n 4+ 1 = 10, therefore n = 9 & the formula
is reduced to

a/B® +y¥B® 1 ¢/BM = B® 4+ 3B®) 4 3B,

Now I find
B® = A® 4 AO® e 4 A®) 2 4 3

B® = A®) 4 AG)c 4 A®@) 2

B =AM 4 AWe 4 AW 2

A® =62 — a"b + a®® — ®b® + ab®,
A® =4S — b+ a®p® - 1P,

AB) = g3 — ab;



therefore

B =a° — a"b+ a®b® — a®b® + ab* + ac — a*be + a?b*c — bic + aPc? — abc® +

=(by forming the coefficients)

a — 8a"b + 21a°b? — 204> + 5ab* + Tabc — 30a*be + 30a%b%c — 4b3¢

+10a3c? — 12abc® + &3
=—1—-16—84—-160—80+ 14+ 120+2404+64 —40 — 96 + 8
=—31.

We will have likewise
A® = — a5+ a*b? — a20% + 1,
A®) =% — a’h + ab?,
A®?) = g% —p,

therefore by forming the coefficients immediately,

B® = a® — 7450 + 15a*b* — 10a%b® + b* + 6a°c — 20a°be + 12ab%c + 6a%c? —

=14+144+60+80+16 —12 —80 — 96 + 24 4 24 = 31.

We will have finally
AT =47 — a5+ a®h? — ab®,
AW =g — a2p 4+ 12,
AWM = ¢,
therefore

B =47 — 6a°b + 10a°b? — 4ab® + 5a’c — 12a2be + 3b%c + 3ac?
=—1—-12—-40—-32+10+48+24 — 12 = —15.

The tenth term will be therefore
=-31+331-3.15=93—-76 = 17,

as this is really.

3bc?

’ ’ o2 -1 . . . .
§ 6. Let be -atbateatd 2 yhich is the generating fraction of all the recurrent

1—ax+bx2—ca3+dx

series of the fourth order, that is to say of all those where any term is formed by means
of the preceding four, one finds by a process analogous to the one which I just used &
which I suppress because of its length, that by leaving to A & B(") the same values

as above, & making

o™ =g _ pin=Hg 4 =842 _ pn=12)g3 4 pn=16) 44 g,

one will have in general the (n + 1) term of a recurrent series of the fourth order

— (a/C(n) + blc(nfl) _|_C/C«(n72) +d/C(n73))xn



In order to give an example, let the series

142+ 22 +22°% +42* + 62° + 72% + 727 + 72% + 82° + &e.

_ 1 — 2z + 222
T 1 -3z + 422 — 323 + 24’

we will have by comparing this generating fraction with our general fraction
d=1,0=-2=2,d=0,a=3,b=4,c=3,d=1.

In order to have the tenth term, we make n + 1 = 10, this which gives n = 9, & this

term will be
=0 — 200 420,

Now we have
Cc® = pO® _ BG4 B(l)dZ,

Cc® =p® _p@Wgy d2,
c = (M _ pBqg.
Now one will find as in the preceding problem,
B® =4 — 8a7b + 21a°b? — 20a°b® + 5ab* + 7a’c — 30a’be
+ 30a%b%c — 4b3c + 10ac? — 12abc? + ¢,
B®) =g — ¢®b + ab® + a’c — be,

therefore (by forming the coefficients)

B d = 6a°d — 20a°bd + 12ab*d + 12a°cd — 6bed,
B = a,

therefore BN d? = 3ad?, therefore

C® =a? — 8a7b + 21a°b* — 20a°b° + 5ab* + 7a’c — 30a*be
+ 30a2b%c — 4b3c + 10ac? — 12abc? + ¢ — 6a°d
+20a®bd — 12ab*d — 12a®cd + 6bed + 3ad>
=19683 — 69984 + 81684 — 34560 + 3840 + 15309 — 29160
+ 12960 — 768 + 2430 — 1296 + 27 — 1458 + 2160 — 576
—3244+724+9=12.

One will have also
B® —=a® — 745h + 15a*b? — 10a2b® + b* + 6a°c — 20a°be
+ 12ab%c + bac? — 3bc?,
BW = a* — %4+ b* + ac,



therefore
BWd = 5a*d — 12a%bd + 3b%d + 6acd,

therefore

C®) =a® — 745 + 15a*b? — 10a%b> + b* + 6a°c — 20a°be + 12ab’c
+ 6a?c? — 3bc® — 5a*d + 12a%bd — 3b*d — 6acd + d*
=6561 — 20412 + 19440 — 5760 + 256 + 4374 — 6480 + 1728
+ 486 — 108 — 405 + 432 — 48 — 54 + 1 = 11.

One has finally

B = 47 — 6a°b + 10a°b? — 4ab® + 5a*c — 12a%be + 3b%c + 3ac?,
B® =43 —ab+c,
therefore
B®)d = 4a’d — 6abd + 2cd,

therefore

C =4™ — 6a°b + 10a°b? — 4ab® + 5a’c — 12abe + 3b%¢
+ 3ac® — 4ad + 6abd — 2cd
=2187 — 5852 + 4320 — 768 + 1215 — 1296 + 144 + 81 — 108 + 72 — 6
:E)7

therefore
OO —20® £ 20(M =12 - 22 + 18 =38,

& it is effectively the tenth term.

: o' +b a2’ +d a2t : . :
§ 7. Let there be the fraction Ty eyt e o e which is the generating

fraction of all the recurrent series of the fifth order, one will find that by leaving to
A B () their values found above, & making

D(n) _ C(n) + C(n—S)e + C(n_10)€2 + C("_15)e3&c.
one will have in general the (n + 1) term of a recurrent series of the fifth order
— (a/D(n) + le(n—l) + C/D(n—2) + d/D(n—3) + G/D(n_4)]}n.
In order to give an example I take in the work cited of Euler p. 188 the series

142422

142243224328 +424 +52°+625+62"+78+82 + &e.= —— 2~ %
1—z—2442°

We will have by comparing this generating fraction with our general fraction,

ad=10V=1=1,d =0, =0a=1,b=0,c=0,d=—1,e = —1.

10



In order to have the tenth term we will make n + 1 = 10, this which gives n = 9, &
this term will be = D® + D® + DT Now we have

DO = O 4 cWe,

D® = ® 4 0B,

D =™ 4+ c@e,

Now
Cc =B _ pGg4 pMg2,
c®W =BW _g,
BO = A® = ¢
B®W = A% = ¢*,
therefore
CO =¢a° —ad + ad?,
CWe = a'e — de,
&

DO =¢° — 6a°d + 3ad® + 5a'e —2de =1 +6+3 -5 —2 = 3.
One has likewise
C® =B® _ BWd 4+ d? = a® — atd + d?,
Cc® = B®) — g3,

C¥e = a’e,
therefore
D® =¢® —5a'd+d* +4a’e=1+5+1—-4=3.
One has finally
M = BM _B® g =q7 a4,
C(z) — B(2) = a2,
therefore

DD =4¢" —4a®d+3a%e=1+4—-3=2.

The tenth term will be therefore
=D® 4+ D® 4 DM =34342=38,

as this is effectively.

. a' +b' et 2 +d ad4e’at +f ab P .
§ 8. Let the fraction be T—artba® —ca® T daeT—exd 4 o which is the generating frac-

tion of all the recurrent series of the sixth order, one will find by conserving the values
of A" B ™ D) & making

E(n) _ D(n) _ D(nfﬁ)f+D(n712)f2 o D(n718)f3 + D(n724)f4 + &c.

11



the (n 4+ 1) term of a recurrent series of the sixth order
_ (a/E(n) + b/E(nfl) + C/E(n72) + d/E(n73) + 6’E<n74) + f/E(n75)QZ'n.
In order to give an example, we take in the work cited of Mr. Euler p. 186 the series

1
1—z—22+24+25— 26

14242224323 442445254720 4+827+1028 41224 &c. =

we will have by comparing this generating fraction with our general fraction,
d=1,b=0,cd=0,d=0¢€¢=0f=0a=1,b=-1,c=0,d=1,e=—1, f =—1.

In order to have the tenth term we will make n = 9, & this term will be = E(®).
But E® = DO — DB f DO = CO) 4 0We, DB = B ¢ = BO) _
BG4+ BW@2 c® =BW _ g Cc® =BG BO) = A BG) = A6) Bl —
AN BW = AW BG) = AB) therefore

C =a¢® — a"b + a°b® — a®b® + ab* — a°d + a*bd — ab*d + ad?
= (by forming the coefficients)
a® — 8a"b + 21a°b? — 20a®b® + 5ab* — 6a°d + 20a®bd — 12ab*d + 3ad>.
One will have likewise
CWe = 5a%e — 12a2be + 3b%e — 2de.
One will have finally
DB f =44 f — 6abf.

Therefore reuniting these values, one will have

E® =a — 847b + 21a°b* — 20a°b° + 5ab* — 6a°d + 20a°bd — 12abd

+ 3ad? + 5a'e — 12abe + 3b%e — 2de — 4a®f + 6abf
=148+421+20+45-6—-20—124+3—-5—-12—-3+2+4+6
=12

)

as this must be.

§ 9. In order to have the general term of the series of the seventh order of which the

. . . a'+b'z+c'm2+d'x3+e'z4+f':65+g':66
generating fraction is 1—aztba? —ca®tdad— st fab—gaT"

all the preceding denominations to make

it is necessary by conserving

F(n) — E(n) _ E(n—?)g +E(n—14)g2 _ E(n—21)g3 + E(n—28)g4 + &c.
& one will have in general the (n + 1)* term of a recurrent series of the seventh order,

— (a/F(n) _|_b/F(n71) +C/F(n72) _|_d/F(n73) +e/F(n74) _|_f/F(n75) +g/F(n76)xn.
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§ 10. The law of these progressions is actually manifest, & it is evident by continu-
ing to form some quantities following the same law, one will have the general term of
any series. Let therefore the generating fraction be

a'—|—b’x+c’x2+d’x3---—|—p1:m71
1—ax+bx2 — ca® +dz* - L pax™

(the + sign has place if m is even, & the — sign if m is odd) one will form the quantities
represented by the following tableau,

A = g™ — " 2p + a4 — a0 + a8t + &e.

B™ = AW 4 A(n=3)¢  A(n=6) 2 4 A(n=93  p(n=1D A 4 g,
o™ =B _ pin=Hg 4 =842 _ pn=12)g3 4 pn=16) g4 4 g,
DM = ) 4 0(n=9e 4 =102 4 0(n=19)g3 L (=200t | g,
EM = p) _ pn=6) ¢4 pn=12) g2 p(n=18) 3 4 p(n=24) 4 | g

M(n) — K(n) iK(n—m)p+ K(n—an)pQ + K(n—Sm)pS +K(n—4m)p4 + &ec.

I call here K (") the quantities corresponding to the recurrent series of order m — 1. If
m is odd all the terms are positive., if it is even they are alternately positive & negative.
It is this which I have marked by the ambiguous signs of the value of M (™) which is
the quantity corresponding to the recurrent series of order m. Now one will have in
general the (n 4 1) term of the recurrent series of order m

— (M Ly =D 1 pp(n—2) ' A(n=3) L ! pf(n—mt1) n
(@' M\"™ +0'M +cM +dM +p M x".
For example, if one makes m = 7, one will have
pP=g,p=g K" =E" M"=F",

one will have therefore

F(n) — E(n) +E("_7)g+E(n_14)g2 +E(n—21)g3 + E(n—28)g4 + &ec.
& the (n + 1)* term will be in general

(a/F(n) + b/F(nfl) + C/F(n72) S g/F(nfﬁ))xn,

this which is the formula which we have found above. This general formula alone will
serve us therefore to find all the particular formulas, by descending from m to 1.

§ 11. In order to give an example of the usage of these series, I will apply them to a
problem of the theory of probabilities that Mr. de la Place has treated quite differently
in a beautiful memoir on this material inserted into T. 7 of the Memoirs' presented to
the Academy. Here is this problem.

1“Recherches, sur I’integration des équations differentielles aux différences finies, & sur leur usage dans
la théorie des hasards.” Savants étranges, 1773 (1776) p. 37-162. This refers to Problem XII.
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If one imagines a solid composed of a number n faces perfectly equal, designated
by the numbers 1, 2, 3, ...n, one demands the probability that in a number x coups
one will bring forth these n faces in sequence in the order 1, 2, 3, ... n

§ 12. In order to begin with the simplest case, I will suppose first n = 2 or that
it has only two faces. The probability that the numbers 1, 2 follow themselves in this
order, in supposing only two coups, is = i, & the probability to the contrary = £
In order to have the probability that the same thing will arrive in three coups, it is
necessary to add to the probability found the probability that in the last two coups, one
will bring forth 1, 2 in this order, whatever had been the first coup, a probability which
is evidently = i. Thus for three coups the probability will be = % & the probability
to the contrary = % For four coups, it is necessary to add to that which one just
found, the probability that in the last two coups one will bring forth 1, 2 in this order,
multiplied by the probability that one will not bring them forth in the ﬁrst two coups;

this probability is = i . % = 16, the total probabihty will be therefore = 5 + ﬁ = %
& the probability of the contrary will be = . For five coups, it is necessary to add to

this that one just found, the probability that 1n the last two coups one will bring forth

1, 2 in this order, multiplied by the probability that one will not bring them forth in the
first three coups this probability is = Z % the total probablllty will be therefore

= 11 + 1 = 12 & the probability of the contrary will be = % = 5. For six coups,

it is necessary to add to that which one just found the probability that in the last two

coups one will bring forth in this order 1, 2 multiplied by the probability that one will

not bring them forth in the first four coups; this probability is = 1 - 2 = 2., the total

16 — 64’
probability will be therefore = T & the probability of the contrary is = é

16+64_

For seven coups it is necessary to add to that Wthh one just found 1 1 1 5 = 634 , the total
probabihty will be therefore = "—7 —|— == & the probability of the contrary will be
= 614 = 128 One will find hkew1se for elght coups the total probability = %g, & the
probability of the contrary will be = ﬁ For nine coups the total probability will be
= 251 & the probability of the contrary = 52 = 2->. We form now the tableau of the

probabilities contrary to the event demanded for 2, 3, 4, 5, 6, 7, 8, 9, coups & one will
have

Coups 2131 4|56 7 8 9
Contrary probability 2 | £ | & | & | & | 5 | 255 | 51s

The analogy is evident, the denominators follow a geometric progression of which the
exponent is 2, & the numerators an arithmetic progression of which the exponent is 1,
or else these numerators form a recurrent series of the second order, where each term is
equal to two times the one which precedes it, less the one which precedes the preceding.
The generating fraction of the sequence of the numerators is therefore = 1— ——>.

§ 13. We suppose now n = 3, the probability that the numbers 1, 2, 3 follow
themselves in this order by supposing only three coups is = 33 = 27 & the probability
of the contrary is = 5=. In order to have the probability that the same thing will arrive
in four coups it is necessary to add to the probability found the probability that in the
last three coups one will bring forth 1, 2, 3 in this order, Whatever be the first coup; this
probability is = 27, the total probability will be therefore = = & the probability of
the contrary= 52. For five coups, it is necessary to add to that Wthh one just found the
probability that 1n the last three coups one will bring forth 1, 2, 3 in this order, whatever
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be the first two coups, now there are 32 possible cases for these first two coups, because
by admitting the combinations where two numbers of the same kind are found together,

each number can be joined to each of the three numbers this probability is therefore
= %ﬁ = 27, the total probability will be therefore 277 & that of the contrary = %

For six coups, it is necessary to add to that which one just found the probability that
in the last three coups one will bring forth 1, 2, 3 in this order, multiplied by the

probability that one will not bring them forth in the first three coups this probability
is= 2 -2 = the total probability will be therefore = 33 + = % & the

33 33 36 I
probability of the contrary will be %2%. For seven coups it is necessary to add to that

which one just found the probability that in the last three coups one will bring forth 1,
2, 3 in this order, multiplied by the probability that one will not bring them forth in the

first four coups this probability is = 313 g;’ = 36 , the total probability will be therefore
= 13067 + 36 = 132 & the probability of the contrary will be = % = 1791 . For eight
coups it is necessary to add to that which one just found, the probability that in the last
three coups one will bring forth 1, 2, 3 in this order, multiplied by the probability that
one will not bring them forth in the first five coups; this probability is = o5 - 23 = 23,
the total probability will be therefore = 13362 + 36 = 156 & the probability of the

contrary W1ll be 213 — 5:1,’57 For nine coups, it is necessary to add to that which one

just found 2 33 63% = 63%2, the total probability will be therefore = 13566 + 622 = 4224
& the probability of the contrary will be = 14849 " For ten coups, it is necessary to
add to that which one just found o5 - 357 = 53%7, the total probability will be therefore
= 4834 4 597 — 531 & the probability of the contrary will be =14252 — 42786 For
eleven coups, it is necessary to add to that which one just found 5?3 573 "the total

36 - 3‘3 )
probability will be therefore = 5§§1 + 53793 = 6004 & the probablllty of the contrary

will be =357 = 12311l We form now the tableau of the probabilities contrary to the
event demanded for 3, 4, 5, 6, 7, 8, 9,10, 11 coups, we will have
Coups 3| 4 5 6 7 8 9 10 11
Contrary probability 2§ | 23 | 20 | &2 | 1121 | 2157 | 14819 | 42736 | 123111

The denominators follow a geometric progression of which the exponent is 3; as for
the numerators, each is equal to three times the one which precedes it by one place less
the one which precedes it by three places. The generating fraction of the sequence of
the numerators will be therefore = T 5727

§ 14. We make next n = 4, the probability that the numbers 1, 2, 3, 4 follow
themselves in this order, by supposing only four coups is = 44 = 256 & the probability
of the contrary is = 222. In order to have the probability that the same thing will arrive
in five coups, it is necessary to add to the probability found, the probability that in the
last three coups, one will bring forth in this order 1, 2, 3, 4, whatever be the first coup,
this which gives evidently % = 4%. The total probability will be therefore = 4% = %
& the probability of the contrary = %. For six coups it is necessary to add to that
which one just found, the probability that in the last three coups one will bring forth in
this order 1, 2, 3, 4 whatever are the first two coups, now there are 42 possible cases
for these first two coups, because one can join to each number, the four numbers, this
which will give 42 = 44 , the total probability will be therefore = 3 & the probability
of the contrary = @. For seven coups, it is necessary to add to that which one just

found the probability that in the last four coups one will bring forth 1, 2, 3, 4 in this
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order whatever are the first three coups, now there are 4% possible cases for these first
three coups, because one can combine with each number all the 42 ombinations of two

numbers, this which gives 37 = 44 The total probability will be therefore = 44 & the
probability of the contrary will be = @ For eight coups it is necessary to add to that
which one just found the probability that in the last four coups one will bring forth 1, 2,
3, 4 in this order, multiplied by the probability that one will not bring them forth; in the
ﬁrst four coups, this probability is 1 24‘25 = 24585 , the total probability will be therefore
= 5 44 24585 = IZZQ & the probablhty of the contrary will be = %. For nine coups
it is necessary to add to that which one just found the probability that in the last four
coups one will bring forth 1, 2, 3, 4 in this order, multiplied by the probability that
one will not bring them forth in the first five coups; this probability is 7 - 232 = 2532,
the total probability will be therefore = 1272 + 254 — 1"33 & the probability of the

48 48
contrary will be = 94903

= 252#. For ten coups it is necessary to add to that which
one just found the probability that in the last four coups one will bring forth 1, 2, 3, 4

&ec. in this order, multiplied by the probability that one will not bring them forth in the

first six coups; this probability is 77 - 2% = 232, the total probability will be therefore

= 1833 4 2833 _ 1786 & the probability of the contrary will be = 83750 — 1020000 Eor

eleven coups, it i 1s necessary to add to that which one just found % 252 250 the

Ty 487
total probability is therefore = 1786 22 — 2038 & the probabihty of the contrary is
= 03998 — 4063872 We form now the tableau of the probabilities contrary to the event

demanded, for 4, 5, 6,7, 8,9, 10, 11 coups and one will have

Coups 4 5 6 7 8 9 10 11
s 255 1016 4048 16128 64257 256012 1020000 4063872
Contrary probability 57 | =3 s 0 a T 10 pe

The denominators form a geometric progression of which the exponent is 4; as for the
numerators, each is equal to four times the one which precedes it by one place less the
one which precedes it by four places. The generating fraction of the sequence of the
numerators is therefore = m.

§ 15. If we make n = 5, we will find by the same process that the denominators
furnish a geometric progression of which the exponent is 5, & the first term 5 & that
each numerator is equal to five times the one which precedes it by one place less the
one which precedes it by five places. The generating fraction of the sequence of the
numerators is therefore = — 5; =

§ 16. One will find similarly by making n = 6 that the denominators form a geo-
metric progression of which the exponent is 6 & the first term 6, & that each numerator
is equal to six times the one which precedes it by one place, less the one which pre-
cedes it by six places. The generating fraction of the sequence of the numerators will
be therefore = —5—.

§ 17. The analogy is now evident & one sees that by leaving to n its indeterminate
value, the denominators will form a geometric progression of which the exponent will
be n, & the first term n, & that each numerator will be equal to n times the term which
precedes it by one place, less the one which precedes it by n places. The generating
fraction of the sequence of the numerators will be therefore = 17ni el

§ 18. Thus for a number of coups x, the denominator will be in general n*, & in
order to have the general term of the numerators, it is necessary to compare the fraction
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m with the general fraction of § 10. We will have ' = 1, b’ = ¢ =&c.=p' =

0,a =n,b=c=&c.=0,p = 1, m = n,n = z. We will have therefore
A®) = B@) = 0@) =gc.= K@) = n* & the general term

M(z) :K(z) :‘:K(Iin)p—}— K(x72n)p2 :I:K(:673n)p3 +K(:1:74n)p4 &e.
=n* in;c—np_i_nx—2np2 in;c—?m,p?) +n;c—4np4 &ec.

We form now the coefficients; the one of the first term is evidently = 1, in order to
have the one of the second, we take the combinations of  — n + 1 things, of which
x — n are the same, this which gives x — n + 1; in order to have the one of the third we
take the combinations of x — 2n + 2 things, of which x — 2n are the same & the two
others the same, this which gives

(x—2n+42)(x —2n+1)
1.2 '

in order to have the one of the fourth term, we take the combinations of x — 3n + 3
things, of which x — 3n are the same, & the three others the same, this which gives

(x—=3n+3)(x—3n+2)(z—3n+1)
1.2.3 ’

& thus in sequence. As for the signs it is necessary to observe that if n is even, one
has p = 1, & that the signs must alternate in the general formula; if on the contrary n
is odd, one has p = —1, & the general formula must have the + sign in all the terms.
Therefore in all the cases the signs must alternate, by supposing simply p = 1. The
general term of the numerators will be therefore

(x —2n+2)(x —2n + 1)n‘”—2"

n"—(r—n+1)n""" +

1.2
(z=3n+3)(z—3n+2)(z—3n+ 1)n1’3”
1.2.3
n (x —4n+4)(x — 4n +132)(3x4— dn +2)(x —4n + l)nz*‘l” 4 &e.

One will have therefore finally the probability contrary to the event demanded =

o E242)(e2m41), o on  (r-3n48)(z—3nt2)(x—3nt1) o3
(n® — (x —n+ 1)p*~" 4 E= =g e 2n LB SR elE s SR ot n O &)

n.’E

The sought probability will be therefore

({E —n+ 1)nz’" o (w72n+21).(29372n+1)ng;72n + (w73n+3)(171532’r§r2)(a:73n+1)nmfgn &e.

nI

§ 19. Let for example n = 2, the contrary probability will be

27 — (z—1)2°72 4 w?% _ %2%6 4+ @=)@=5)(@=6)(==Tgr-8 | g

1 1.2.3.4
2x
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= ”’;1, therefore the probability demanded is = 1 — T;;l as Mr. de la Place finds it
in the memoir cited. This result emanated immediately from that which we have said
§ 12. that the sequence of the numerators was that of the natural numbers, but I have
taken the form of recurrent series of the second degree, because this form was the base
of the analogy which must serve to resolve the general problem.

§ 20. One would have been able to resolve the problem in another way by leaving
the terms which express the contrary probability separate, without confounding them
by addition. For example for the case of n = 2, one would have had the following
table:

Coups Probabilities

2 1—i
922
3 -
4 - ot
5 -ty
9 o820 1 e

S22 T ot 96 T g8

One sees that the numerators of the second vertical column are the natural numbers,
those of the third the triangular numbers, those of the fourth the pyramidal numbers
&c., & this consideration gives the same general term as above. One will find the same
laws for the case of 3, 4, 5...n faces, whence one will draw the same general result
by the other other method, this which confirms the goodness of the solution.
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