ON THE INTERPOLATION OF SERIES *

Leonhard Euler

§389 A series is said to be interpolated, if its terms corresponding to frac-
tional or even surdic indices are assigned. Therefore, if the general term of a
series was known, the interpolation will be of no difficulty, since, whatever
number is substituted for the index x, this expression yields the corresponding
term. But if the series was of such a nature that its general term cannot be
exhibited in any way, then the interpolation of series of such a kind is highly
difficult and in most cases the terms corresponding to non-integer indices can
only be defined by means of infinite series. Since in the preceding chapter we
determined the values corresponding to any indices of expressions of this kind
which cannot be expressed finitely by means of the customary techniques,
this treatment will have a very great use for interpolations. Therefore, we will
demonstrate the use following from the preceding chapter for this task more
diligently.

§390 Therefore, let any series be propounded

1 2 3 4 X
A+B+C+D + - +X,
whose general term X we assume to be known, but the summatory term

S is not. From this form another series whose general term is equal to the
summatory term of that series, and this new series will be

*Original title: “ De Interpolatione Serierum”, first published as part of the book ,Institutiones
calculi differentialis cum eius usu in analysi finitorum ac doctrina serierum, 1755", reprinted in in
,,Opera Ommnia: Series 1, Volume 10, pp. 619 - 647 “, Enestrom-Number E212, translated by:
Alexander Aycock for the ,Euler-Kreis Mainz”



1 2 3 4 5
A, (A+B), (A+B+C), (A+B+C+D), (A+B+C+D+E) etc

and its general term or the one corresponding to the indefinite index x will be

=A+B+C+D+---+X=5;

since it is not explicitly known, the interpolation of this new series will lead
to the same difficulties we mentioned before. Therefore, to interpolate this
series one needs the values of S it takes on, if any non-integer numbers are
substituted for x. For, if x would be an integer number, then the corresponding
value of S would be found without difficulty, of course by means of addition
of as many terms of the series A 4+ B 4+ C + D + etc. as x contains units.

§391 Therefore, to use those things which were treated in the preceding chap-
ter, let us put that x is an integer number such that the value corresponding to
it, S = A+ B+ C+---+ X, is known, and let us find the value ¥ into which
S is transformed, if one writes x + w instead of x while w is any fraction;
and X will be the term corresponding to the index x + w of the propounded
series to be interpolated; therefore, having found the latter the interpolation
of this series will be done. Let Z be the term corresponding to the index x + w
of the series A, B, C, D, E etc., and let Z’, Z", Z'" be its consecutive terms
corresponding to the indices x +w + 1, x + w + 2, x + w + 3 etc. And at first
let us put that the infinitesimal terms of the series A, B, C, D etc. vanish.
Therefore, having constituted all this the series

1 2 3 4
A, (A+B), (A+B+C), (A+B+C+D) etc,
whose term corresponding to the index xis S = A+ B+ C+ --- + X, will be

interpolated by finding the term ¥ which corresponds to the fractional index
x + w. But it will, as we already found, be

L=S+X+X"+ X"+ X" +etc.
_ Z/ _ ZI/ _ Zl// _ Z//// _ etC



and so one will have an infinite series equal to this term X in question which
because of

wdX N w?ddX N Ww3dPX
dx 1-2dx2  1-2-3dx3
is transformed into this form that it is

Z =X+ + etc.

=S5 Ix d. (X' + X"+ X"+ X" +etc.)
wZ
de. (X' + X"+ X"+ X" +etc.)

3
_ 6‘;}(3 d3. (X/ 4 X! + x" + X" +etc.)

etc.

of which formulas the one which is more convenient in each case can be
applied.

§392 Let us take the arbitrary harmonic series for A, B, C, D etc. and consider

LSRN S S
a a-+b a+2b a+3b

+ etc.,

whose general term or the one corresponding to the index x is = m = X.
Therefore, let this series be formed

1 2 3 4
L - LI SN D (R . ¢
a’ a a+b)’ a a+b a+2b/)’ a a+b a+2b a+3b e

whose term corresponding to the index x will therefore be

U R —
a a+b a+2b a+3b a+ (x—1)b

If now X denotes the term corresponding to the index x + w of this series,

because of Z = m it will be




1 1

o o
X a+4bx’ z a+ bx + bw
"o 1 "o 1
X  a+b+bx’ Z a4+ b+bx+bw
"o 1 mo_ 1
a—+2b+bx’ a+2b+ bx + bw
etc. etc.
and hence it will result
1 1 1
Y = .
St bx T bxbtbr T atababx T o©
- 1 - 1 B 1 e
a+bx+bw a+b+bx+bw a-+2b+bx+bw ’
but the other expression will be of this kind
1 1 1
E=5+bw ((a+bx)2 BN CEY EN AN e ey sy +etc')
— b2w? ! + ! + L + etc
(a+bx)®  (a+b+0bx)3  (a+2b+bx)3 '
+b¥Wd 1 + ! + ! + etc
(a+bx)*  (a+b+bx)*  (a+2b+bx)* '
etc.
EXAMPLE 1

Let this series be propounded

1 2 3 4
1 1 1 1 1 1
whose terms corresponding to fractional indices are to be found.

Therefore, it will be 4 = 1 and b = 1; hence, if the term corresponding to the
integer index x is put



11 1
e
S=1+5+z+ +-

and the term corresponding to the fractional index x + w is called = %, it will
be

r=s+ — 4 .o, 11
- 14+x 2+ x 34+ x 4+ x 5+ x ’
1 1 1 1

_1—|—x—|—w+2—|—x—|—w+3+x+w+4+x+w+5+x+w+etc'

But it is to be noted, if the term corresponding to the fractional index w was
found, which we want to put = T, that from it the term of the index x + w
can easily be found; for, if T/, T”, T" etc. denote the terms corresponding to
the indices 1 + w, 2 + w, 3 + w etc., it will be

1
T =T+ ——
+1—|—w
1 1
T//:T o -
+1+w+2+w
1 1 1
T///_T_|_ _|_

14+ w 2+w+3+w
etc.,

whence it suffices to have investigated only the terms which correspond to
the indices w smaller than 1. For this purpose, let us put x = 0; it will also
be S = 0 and the term T of the series corresponding to the fractional index w
will be expressed this way

T =+ + + + + etc.

_ |
—_ N =
— W -
> e

— etc.

_1+a1_2—|—w_3—|—w_4+w

or after having converted these fractions into infinite series another expression
will result



14 25 —k —k —k S +etc.

4

w1+++++etc

(12 )
(142 )
+aﬁ<1+ + + T+ +em)
L )

which value is more than apt to find the value of T approximately.

Therefore, let the term corresponding to the index 1 of the propounded series
be in question; if it is put = T, it will be

or

the value of which series is = 2 — 2In 2, and so the term of the index = % can
be expressed finitely. Therefore, the following terms whose indices are %, %,

5
zl
% etc. will be expressed this way

Ind. 1 2 3 4
Term 2—2In2, 2—|—§—21n2, 2—|—§—|—%—21n2, 2+§+%+§—21n2 etc.,
EXAMPLE 2
Let this series be propounded
1 2 3 4

1 1 1 1 1 1



whose general terms corresponding to fractional indices are to be expressed.

Therefore, it will be 4 = 1 and b = 2; hence, if the term corresponding to the
integer index x is put
1 1 1

and the term corresponding to the fractional index x + w is called = %, it will
be

Y=5+ ! + ! + ! + L + etc
- 14 2x 34 2x 5+ 2x 7+ 2x ’
1 1 1 1

— — — — — etc.

1+2(x+w) 342(x+w) 5+2(x+w) 74+2(x+w) ere
Since it therefore suffices to have assigned the terms corresponding to indices
smaller than 1, let x = 0 and S = 0; therefore, if the term corresponding to
the index w is put = T, it will be

+ + + etc.

—_ Q1] =
N
—_ \O| =

— — - — - — etc.

1420 3420 5420 7420 9+2w0
and if w is put to denote any number, since T is the term corresponding to
the index w, T will be the general term of the propounded series which will
also be expressed this way

T = 2w + 2w + 2w + 2w + etc
o 114+2w) 3(83+42w) 5(5+2w) 7(7+2w) ’

or this way



T =2w (1—1— + + + > + etc.

— 4w?

+ 8w? 1+ + + + 1 Tetc

)
1+ + + <+ o +etc>
)
)

— 16w* <1—i— + —|— —|— = +etc.

Let us put that w = 3; therefore, the term corresponding to this index will be

1 1 1 1
T—1—§+§—1+g—et0—h’12

and we will have

1 3 5 7
Indi - 2 = -
ndices > > > >
1 1 1 1 1 1
Terms In2, E—an’ §+1+ln2, §+E+8+ln2 etc.,
Ifw:%,itwillbe
1 1 1
T=1= = = t
3 +5 +7 + etc
_2_2_2_2 .,
37 11 15 ¢
or
1 1 1 1 T

§393 If the general term corresponding to the index = 1 of this general series

L ! ¢
c\aTaxe) \GTaxe Taxw) ¢

1
a



is in question, put x = 0 in the expressions of the preceding paragraph and
w = % and it will be S = 0 and the term corresponding to the index % and in
question will be

= 1 — 2 + ! — 2 + L — 2 + etc

a4 2a+b a+b 2a+3b a+2b 2a+5b ’
or having rendered the terms more uniform it will be

1 1 1 1 1 1

2 = etc.;

2 "2 2a1b 2a+2b 20136 2a+4b
since in this series the signs + and — alternate, by taking the continued
differences by means of the method explained above [§ 8] the value of 1% will
be expressed by means of a more convergent series.

The series of the differences will be

-b -b -b
202a+0) (a+b)2a+2b) (at2b0)(2a+3b)
2bb 2bb ot
2a(2a+b)(2a +2b)"  (2a+b)(2a + 2b)(2a + 3b) '
—6b°
etc.
2a(2a + b)(2b + 2a)(2a + 3b)
etc.
From these it is concluded that it will be
o1, W 1-2bb N 1-2-3p° et
27 4a  8a(2a+0b) 16a(2a+0b)(2a+2b)  32a(2a+b)(2a + 2b)(2a + 3b) ere
And hence one will have
y— 1 2t 7+ abb 7350 +etc,,

(2a +2b) + 2a(2a +b)(2a +2b)(2a + 3b)

~ N

- Z+2a(2a+b) +2a(2a+b

which series is most convergent and exhibits the value of the term X without
much work.



§394 But if in general the infinitesimal terms of the series A, B, C, D, E etc.
vanish and the term corresponding to the index w was = Z and its following
ones which correspond to the indices w + 1, w + 2, w + 3 etc. are Z', 2", 72",
Z"" etc., if in the above expressions (§ 391) one puts x = 0 thatitis S = 0 and
X' = A, X" =B, X" = C etc., it will follow, if a series of this kind

1 2 3 4

A, (A+B), (A+B+4+C), (A+B+C+D) etc

and its term corresponding to the index w is put = %, that it will be

L=(A-Z)Y+(B-Z"Y+(C-Z")+(D—-Z"") +etc,

from which expression any intermediate terms can be defined. But it will
suffice to have investigated the terms which correspond to the indices w
smaller than 1 for the interpolation. If the term X corresponding to an arbitrary
index w of this kind was found and those which correspond to the indices
w+1, w+2, w+3etc. are put X/, £, 2" etc., it will be

Y =x+7

Z// :Z+Z/+Z//

Z/// — Z + Z/ + Z// + Z///
etc.

EXAMPLE 1

To interpolate this series

1 2 3 4

1 1 1 1.1 1
- 4= S+ 4+ —) et
1, (1—}—4), <1—|—4+9>, <1+4+9+16> etc
Let X be the term of this series corresponding to the index w, and because
this series is formed from the summation of this one

10



1+1+1+i+i+etc
4 9 16 25 7

whose term corresponding to the index w is = ﬁ, it will be

1
Y= 1 + + — +etc

1
C(I+w)? 24w) (BFw)? (tw)?

_|_

—_ W] =
—_ O |
—_

(@)Y

If the term corresponding to the index } of the propounded series is in

1

question, one will have to put w = 5 and it will be

R R A e
T 94 2579 49 '

or
11 1 1 1 1
P (I o et ).
<4 916 25 " 36 49+ec>
Since it is
1—1+1—i+etc ——2
1797 25 12’
it will be
224(1—E):4—1n2
12 37

which is the term corresponding to the index % Therefore, we will have the
correspondences

. 1 3 5
Indices 5 5 5
1 4 4 1 4 4 4 1
T A—-p2, S22 2R D00 gl
erms 37 1Tg 3™ 1Tgtay T3 ek

11



EXAMPLE 2

To interpolate this series

1 2 3 4

1 1+1 1+1+1 1—%1-|—i+i etc
’ 9)’ 9 25 9 25 49 '
Let X be the term corresponding to the index w, and because this series is
formed from the summation of this one

1+l 2 L D e,
9 " 25" 49 81

from which the term corresponding to the index w becomes Z = (20}1771), it
will be
1 1 1
= 7= 7= et
(2w +1)2 (2w + 3)? Qw+52 °F

Therefore, one will have

1 1 1
Y = 1 + § + g + @ + etc.
1 1 1 1

— etc.

C (1+2w)? (B-2w)? (5+2w)? (7+2w)?

Let us put w = 3 that we find the term of the propounded series corresponding
to the index = J which will be
2—1—7+f—i+—~L—+ac—Ei
9 16 25 36 12
from which the terms falling in the middle between each two given ones will
be expressed in the following way. We will have the following correspondences

. 1 3 5 7
Indlces E E E E etC.
Torms X%, lymm o lplomm 11 nm
erms 12’ 4 127 16 16 ' 36 et

12



EXAMPLE 3

To interpolate this series

1 2 3 4

1 1 1 1 1 1

Let, as before, £ be the term corresponding to the index w; it will be Z = ﬁ
and

1 1 1
Z/ - - Z/l = Zl// - - t .
1 +w)" @+ w)" Grwyr °F

And one will have

1 1 1
Y = 1 + 27 + 37 + 47 + etc.
1 1 1 1

T (l+w) 24w Brw)t (A+w) — etc.

If the term corresponding to the index % is desired, it will be

Cooom 1m0 o
—1—37+27_57+37—77+et0

(11 1 1 1 1
=2 27—37+47—57+67—77+et0 .

or

If one puts

the term of the propounded series which corresponds to the index § will be
= 2"(1 —N); and hence we will have the correspondences

1 3 5
Indi - = = tc.
ndices 5 5 5 etc
A 2 2"
Terms 2” — Z”W, 2” + 37 — Zn‘ﬁ, 2” + 37 + 57 — Zmﬁ etc..

13



EXAMPLE 3

To interpolate this series

1 2 3 4

1 1 1 1 1 1

1

Let X be the term which corresponds to the index w and since itis Z =

(2w—1)m"
it will be
/ — 1 1 — ]' " — ]‘ etC
(2w + 1)’ (2w + 3)’ (2w +5)" '
and
1 1 1
1 1 1 1

T (420 Bty GBrow)y  (Tt2wy

Put w =  and the term corresponding to the index 3 will result as

11 1 1 1
:1—27+§—47+57—67+etc.:m,
from which further the remaining terms in the middle between two given
ones will be

. 1 3 5
Indices 5 > 5 etc.
1 1 1
Terms ‘ﬁ, 27 + ‘ﬁ, 27 + 47 + 91 etc..

§395 Now let us put that the infinitesimal terms of the series A, B, C, D,
E etc. from which the series to be interpolated is formed do not vanish, but
are of such a nature that their differences vanish and let X be the term of
this series corresponding to the index x and Z the term corresponding to the
exponent x + w; then let X/, X", X", X" etc. be the terms following X and

14



Z',7",2", 7" etc. the terms following Z. Having constituted all this let this
series be propounded to be interpolated

1 2 3 4
A (A+B), (A+B+C), (A+B+C+D) etc.

whose term corresponding to the index x we want to be = S, but the term
corresponding to the index x + w we want to be = %, and from the things
which were treated in the preceding chapter it will be

YT=S+ X+ X"+ X"+ etc.
— 7' —7" 7" _ etc.

X/, + X/// + X/,// + etc.

+wX +w
— X 4+ X" + X" — etc.

But because as before it suffices to have investigated the terms corresponding
to indices smaller than 1, let us put x = 0 thatitis S =0, X' = A, X" = Beetc,,
and the term corresponding to the index w will be

L=(A-Z)+B-Z")+(C-Z")+(D-2"") etc
wA+w((B—A)+(C—B)+(D—-C)+ (E—D) +etc.)
But if we want to express these differences in the way we did above, namely
as AA=B— A, AB = C — B etc., one will have
Y=(A-Z"N+B-Z")+(C-2Z")+(D-2"") et
+w(A+AA+ AB+ AC+ AD + etc.)

§396 But if the infinitesimal terms of the series A, B, C, D, E etc., from
whose summation the series to be interpolated is formed, neither vanish nor
have vanishing first differences, then more series have to added to express
the value of ¥, namely, until one finally reaches vanishing differences of the
infinitesimal terms. For, let as before the term of the series A, B, C, D, E etc.

15



corresponding to the index x be = X and the following ones X', X"/, X" etc.,
but let the term Z correspond to the index x + w, which term we want to be
followed by Z’, Z", Z""" etc. and let this series be propounded

1 2 3 4
A  (A+B), (A+B+C), (A+B+C+D) et
whose term corresponding to the index x we want to be
S=A+B+C+D+---+X,
but let the term X correspond to the index x + w such that
to the indices correspond the terms
1 1
X/ — A

x+1 x+1+w

1 1
X/I Z//

x+2 x+2+w

1 1
Xl// — Z/l/ —
x+3 X+3+w
etc. etc.,
If now the differences are expressed in such a way that it is
AX/ — X/l _ X/ AX” — X/l/ _ X// Axl// — X//// _ X/l/ etc
AZX’ — AX" — AX' AZX// — AX" — AX" AZX/// — AX"" — AX"  etc.
NX = A*X" — AX’

ASXH — AZX/” _ AX”

etc.,
from § 377 the term X will be expressed the following way:

Y=S+ X+ X"+ X"+ etc.
—7'=7" - 7" —etc.

+w (X' + AX + AX" + AX" + AX" + etc.)

16



w(w—1)

T (AX' 4+ A2X' + A2X" + A2X" 4+ A2X"" + etc.)
—D(w-2
+Mw1}§ NNX+MX+MW+MXHA%W+WJ

etc.

§397 It suffices, as we already noted, to have added so many terms until one
gets to vanishing differences of the infinitesimal terms; for, if we also want to
continue these series to infinity or at least until the differences of the finite
terms vanish, then because of

w(w — 1)A2X, n w(w—1)(w—-2)

3~/
12 1.3 A° X" + etc.

7' =X +wAX +

the whole found expression will be contracted into this one

;o ww=-1), o, ww—-1)(w-2)
L =5twX + oo AX T3
which involves the summatory term of the series A + B+ C + D + etc.; but,
if this term would be known, the interpolation would have no difficulty.
Nevertheless, also this formula can be used which, if it terminates, exhibits the
term to be interpolated expressed finitely and algebraically; but if it continues
to infinity, it is in the most cases more convenient to apply the first formula in
which the infinitesimal terms are taken into account. But this formula, if one
puts x = 0 that X denotes the term corresponding to the index w because of
S = 0 takes on this form

A’X' + etc.,

2=A+B +C +D +etc
_Z/_Z//_Z///_Z////_etC

+w(A+AA+ AB+ AC + AD + etc.)

w(w—1
+(12)mA+MA+MB+NC+ND+ﬁ®
w—1)(w-2

@l 1£% NMA+MA+MB+MC+MD+&Q

etc.

17



Or if for the sake of brevity one puts

=B, w(w ;12)?6;_2) =7 etc,

w(w—1)

= 1-2

it will be

T =aA+ BAA + YA*A + 5N’ A + etc.
+ A +adA+BAA + N A +etc. — 7
+B  +aAB + BA’B + yA’B +etc. — 7"
+C  +aAC + BA*C +yAC +etc. — 2"

etc,,

the number of which horizontal series might seem to be to infinite, but each
single one consists of a finite number of terms.
EXAMPLE

To interpolate this series

2

1 3

112 1,23 1,23 4y

2’ 2 3)7 2 3 4)’7 2 3 4 5 ’
Let the term of this series corresponding to the index w be = %, and since it
results from the summation of this series %, %, %, % etc., it will be Z = #H,

and since the infinitesimal terms already have vanishing first differences, only
the first differences are to be taken, which because of

1 2 3
A_E' B 3 C—4, D_E etc
will be
1 1 1
AA_72~3’ AB_—3'4, AC_—4‘5 etc.

Therefore, one will have

18



- E
2 2 3 4 5 '
+ e e Y et
2.3 3-4 4.5 5.6 '
_w+1_w+2_w+3_w+4_etc
w+2 w+3 w+4 wH+5 '
or because of
T Y e —w
2 2-3 3.4 4.5 T
it will be
S—wt » o+ 2 o4 o 4 E et
- 2 3 4 5 '
w+1l w+2 w+3 w+4
_ etc.

w+2 w+3 wt+d w+5

If the term corresponding to the index 1 is in question, it will be

g 1,132 53 7.4 9
2 2 53 7 4 9 5 11 '
or
2—1— 1 — 1 — 1 — 1 - — etc
2 2.5 3.7 4.9 5.11 6-13
and hence
12_1_ 1 _ 1 _ 1 _ 1 _ = et
27 4 4.5 6-7 8-9 10-11 12-13 '
or

273731 6 8 10 12 o
FREUIE U I SR R
5 77911 T3 e

Therefore, because it is

19



11 1 1 1
1—§+§—Z+5—6—|—etc.—ln2,

it will be
1 1 1 1 7
and hence
7
>=2In2 - -.
ne—g

§398 Now, let us proceed to the interpolation of series whose terms are
conflated of factors, and let this most general series be propounded

1 2 3 4 5
A, AB, ABC, ABCD ABCDE etc.

whose term corresponding to the index w we want to be = X. Therefore, In X
will be the term corresponding to index w in this series

1 2 3 4
In A, (InA+1InB), (InA+InB+InC), (InA+InB+InC+InD) etc.

If we put that the infinitesimal terms of this series vanish and the terms of the
series A, B, C, D, E etc. corresponding to the index w is Z and the following
ones corresponding to the indices w + 1, w +2, w + 3, w + 4 etc. are Z/, Z”,
zZ", 7" etc., applying the results demonstrated above it will be

InYX=mnA+InB +InC +InD +etc.
—InZ —InZ'" —InZ" —InZ"" — etc.

Therefore, by going back to numbers one will have

A B C D

=z gnzm g

20



§399 But if the logarithms of the infinitesimal terms of the series A, B, C, D
etc. do not vanish, but have vanishing differences, it will, as we saw, be

InX=InA+InB +InC +etc.
—InZ —InZ" —InZ"" — etc.

B

and hence going from logarithms to numbers it will be

+wln A+ w <lni+lnc+lnlg+etc.>

Al-wpw Bl—wcw Cl—wa Dl-wEw
7! g T gm T gim
But if just the second differences of those infinitesimal logarithms vanish, it

will be

> =AY. - etc.

InX=InA+InB+InC+InD + etc.
—InZ —InZ'"—InZ" —InZ"" — etc.

B C D E
+w <lnA+lnA+lnB+lnC+lnD+etC.>

+7a)(w—l) IHE—FIH&—I—III@—F]H%
1-2 A B? C? D?

From these one will therefore obtain

DF
+1In 7 + etc.

(w—1)(w=2) w(w-1) (w—1)(w

w(3—w) w(w-1) A T Bw(z_w)c (1-2 B 12 = CW(Z—LU)D%
2 .B 17 . 7 . i

Y=A - etc.

which, if w < 1, is expressed more conveniently this way
Bw(2-w) B (]7“’1)_ 2-w) Cw(2-w)

w(l-w) ’ w(l-w) ’ w(l-w)

C 1z 7 D1z 7"

w(3—w) (1—w)(2—w)
A 12 A 1.
Yy —

- etc.
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§400 Let us apply this interpolation to this series

1 2 3 4
a a(a+c) a(a+c)(a+2c) a(a+c)(a+2c)(a+3c) otc
b’ b(b+c)’ b(b+c)(b+2c)’ b(b+c)(b+2c)(b+3c) '

whose factors are taken from this series

1 2 3 4

a a—+c a-+2c a—+ 3c ot
b’ b+’ b+2c b+ 3c ’

whose logarithms of the infinitesimal terms are = 0. Therefore, it will be

a—c—+cw a-+cw
* i etc.

S b—c+cw’ Cbtcw
Hence, if the term of that series corresponding to the index w is put = %, from

§ 398 it will be

(a42c)(b+2c+cw) otc.

_alb+cw) (a+c)(b+c+cw)
(b +2¢)(a +2c + cw)

== fatcw) (b+o)(atetew)

If the term corresponding to the index 1 is desired having put w = 1 it will be

(a+)(2b+3¢) (a+20)(2b+50)

_a(2b+c) ‘
"~ b(2a+c) (b+c)(2a+3c) (b+2c)(2a+ 5c)
EXAMPLE
To interpolate this series
1 2 3 4 5
1 1-3 1-3-5 1-3-5-7 1-3-5-7-9 ot
2’ 2-47 2-4-6' 2-4-6-8 2-4-6-8-10 '

Since here itisa =1, b = 2 and c = 2, if the term corresponding to the index

w is put = %, it will be
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1(2+2w) 3(4+2w) 5(6+2w) 7(8+2w)
214 2w) 4(83+42w) 6(5+2w) 8(7+2w)
Hence, if the terms which correspond to the indices w + 1, w + 2, w + 3 etc.
are put X/, 2", ¥ etc., it will be

- efc.

=

14+ 2w
Yy = DY
2+ 2w
1+2w 342w
Z// — . Z
242w 442w
Z,,,_1+2w.3—|—2w.5—|—2w.
242w 442w 642w
etc.

If the term corresponding to the index 1 is desired, having put w = 1 it will

be

1.3 3.5 5.7 7-9 9:-11
T 2.2 44 6-6 88 10-10
But having put 7t = the half of the circumference of the circle whose radius is
= 1 we showed above that it is

2 etc.

2:2 4-4 6-6 8-8

1-3 35 57 7-9
Therefore, the intermediate terms corresponding to the indices 1, 3, 3 etc. can
be expressed by the circumference of the circle this way

etc.

T=2

. 1 3 5 7
Indices: 5 5 5 5
Terms: g % E ﬁ E 2:4-6 E etc
' T’ 3 7 3.5 1 3.5.7 1 '

This same interpolation Wallis found in the Arithmetica infinitorum.

§401 Now, let us consider this series

1 2 3 4
a, a(a+b), ala+0b)(a+2b), ala+Db)(a+2b)(a+3b) etc
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whose factors constitute this arithmetic progression

a, (a+0b), (a+2b), (a+3b), (a+4b), etc
whose infinitesimal terms are of such a nature that the differences of their
logarithms vanish. Since it therefore is
Z=a—"b+bw

and

7Z'=a+bw, Z'=a+b+bw, Z"=a+2b+bw etc,

if > denotes the term of the propounded series whose index is = w, it will be

w @7+ (at+b)'Y(@+2b)Y (a+2b)'"“(a+3b)

r=a a+bw 14D+ bw 4+ 2b+ bew

etc.

And having found this value, if w denotes a certain fractional number smaller
than 1, the following terms corresponding to the indices 1 +w, 2+ w, 3+ w
etc. will be determined in such a way that it is

Y = (a+bw)Z
2 = (a+bw)(a+b+bw)L
" = (a+bw)(a+b+bw)(a+2b+bw)L

etc.

If the term corresponding to the index 1 is desired, having put w = 1 it will
be

N ai(a+b): (a+Db)i(a+2b): (a+2b)2(a+3b):

- etc.
a+ 3b a+ %b a+ %b
and hence having taken the squares
o, alatb)  (a+b)a+2) (a+2b)a+3b)

(a+ib)(a+1b) (a+3b)(a+3b) (a+3b)(a+3D)
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§402 In the series we treated above [§ 400]

1 2 3 4
f f(f+h f(f +h)(f +2h) fOf +h)(f +2h)(f +3h)
g glg+h)  glg+h)(g+2n)"  glg+h)(g+2h)(g+3h)

put the term corresponding to the index % = ©; it will be

o [EHI Uh+In) (F2m(g+in

Cg(f+3h) (§+M(f+3h) (g+2h)(f+3h)

etc.

now, set

f=a, g:a—l—%b and h =1,

it will be
_ a(a+b) ~ (a+Db)(a+2b)
(a5 10)(a+10) (a+3b)(a+3b)

and hence it will be £2 = 40 and ¥ = v/a®. Therefore, if the term of this
series

- etc.

1 2 3 4
a, ala+b), ala+b)(a+2b), ala+Db)(a+2b)(a+3b) etc

corresponding to the index 3 is put = ©, it will be & = /a®.

Because here the term of the series of the numerators alone corresponding to
the index 3 is = %, if in the series of denominators the term corresponding to
the index % is put = A, it will be © = % ;butitis ®@ = %2, whence it will be
Y = £ or XA = a by means of which theorems the interpolation of series of
this kind is illustrated very well.

EXAMPLE 1

Let this series be propounded to be interpolated

1, 1.2, 1-2:3, 1-2-3-4 etc
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Since here itis a = 1 and b = 1, if the term corresponding to the index w is
put = %, it will be

11—w . pw zl—w . 3w 31—w . 4w 41—w . 5w
Y = . . . .
1+w 24w 34w 44w
Here, one can always take a fraction smaller than 1 for w; for, nevertheless
the interpolation extends to the whole series. For, if the terms corresponding
1+ w, 24w, 3+ w etc. are put ¥/, ", £ etc., it will be

etc.

Y =(1+w)X

Y =14 w)(2+w)Z

Y =(14w)(2+w)B+w)Z
etc.

Therefore, the term of the propounded series corresponding to the index 3
will be

1225 2332 334
2= —  ——— ——— -etc.
12 22 32
or
24 4-6 6-8 8-10
y2 — . . . . et
3.3 55 7.7 9.9 €
Therefore, because it is
T 2-2 4-4 6-6 ot
-~ 1.3 3.5 5.7 v

it will be

and hence we have the correspondences

. 1 3 5 7
Indices: 5 5 5 5 etc.
_ JT 3 T 3.5 Jm 357 Jm
Terms: 2 22 22 72 2.2.2 2 ete.
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EXAMPLE 2
Let this series be propounded to be interpolated

1 2 3

4
1, 1-3, 1-3-5,

1-3-5.7 etc.

Since here itis a = 1, b = 2, if the term corresponding to the index w is put
=2, it will be

11—w . 3w 31—w . 5w 51—w . 7w
Y= . : - etc.
142w  3+2w 5+2w
the term following in order will be of such a nature

> = (1+2w)%

2 = (14 2w) (3 + 2w)x

¥ =(14+2w)3+2w)(5+2w)%
etc.

Therefore, if the term corresponding to the index 3 of the propounded series
is desired and it is called = %, it will be

s _ \/1-3.\/3-5 \/5-7‘\/7-9

2 4 6 g cte
therefore
1-3 3.5 5.7 7.9
2 . . g
¥ =22 1466 838 °©
and one will have ¥ = \/% B

ut we will have the correspondences

1 7
Indices: — § 5

2
Terms: 1/%, \/E 2- 4\/ 2-4. 6\/

If the first series and this one are multiplied by each other that one has this
series
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1 2 3 4 5

12, 12.2.3, 12.2.32.5, 12.2.32.4.5.7 12.2.3%2.4.52.7.9 etc,

the term corresponding to the index 3 will be = @ . \/% = % ; this is easily
seen, if this form is attributed to that series

1 2 3 4

1.2 1.2.34 1.2.3.4.5.6 1.2.3.4.5.6.7.8
2’ 2 2 / 24 e

whose term corresponding to the index § obviously is = %

EXAMPLE 3

Let this series be propounded to be interpolated

1 2 3 4
n n(n—1) n(n—1)(n—2) n(n—1)(n—2)(n—3) ;
1 1.2 1.2.3 ' 1.2.3-4 e

Consider the numerators and denominators of this series separately, and since

the numerators are

1 2 3 4
n, nn—-1), nn—-1)mn-2), nn-1)mn-2)(n—-3) etc,
after an application of the result before it will be 2 = n and b = —1, whence

the term corresponding to the index w of this series will be

w MM -1Y (n—-1)l19mn-2) (n— )19 (n —3)@ et

n—w n—1—w n—2—w
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which expression because of the factors going over into negatives does not
show anything certain. Therefore, having for the sake of brevity put 1-2 -
3---n = N, transform the propounded series into this one

1 2 3
N N N

1-1.2.3--(n—17 1.2:1-2:3---(n—2) 1-2:3-1-2-3---(n—23)

since its denominators consist of two factors, the one group will constitute
this series

1 2 3 4
1-2-3---(n—-1), 1-2-3---(n—-2), 1-2:3---(n—3) etc
whose term corresponding to the index w coincides with term of this series
1 2 3 4 5
1, 1-2, 1-2.3, 1-2-3-4 1-2-3-4-5 etc.

corresponding to the index n — w which is

11—n—w Lon—w zl—n—w .3n—w 31—n—w Lqn—w
‘ . - etc.

1+n—w 24 n—w 34+n—w

But let the term of this series corresponding to the index 1 — w be = ©; it will
be

1w . zl—w w . 31—0.1 3w . 41—0.)

Q= -etc.,
2—w 3—w i—w
and because of the correspondences
Indices: 1-—w 2—-w 3—w etc.

Terms: 0, (2—-w)® 2-w)(B3-—w)® etc,

the following term will correspond to the index n — w
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2-w)B-—w)(d—w) - (n—w)O.

Further, the other factors of those denominators will constitute this series

1 2 3 4 5
1, 1-2, 1-2-3, 1-2-3-4 1-2-3-4-5 etc.;
if the term corresponding to the index w is put = A, it will be

11—w LW Zl—w . 3w 31—w 4w
4w 2+w 34w
Having found these, if the term of the propounded series itself

A= - etc.

1 2 3 4
n n(n—1) nn—1)(n-2) nn—1)(n—2)(n—3) otc
1’ 1-2 7 1-2-3 ’ 1-2-3-4 '
corresponding to the index w is put %, it will be
s _ N
A 2-0)B-wd—w) - (n—w)O’
But on the other hand it is
N 2 3 4 n
R-wB-w@d—-w) - n-w) 2-w 3-w 4-w nN—w
and
AO — 1-2 ‘ 2.3 ‘ 3-4 ete.

l1+w)(2-—w) 24+w)3-—w) B+w)4d—w)

From these the term in question corresponding to the index w will be

2 3 4 5 n
T2-w 3-w 4-w F-—w n-w
1+w)(2-w) R+w)(B-w) B+w)(4d—w)

. o . 53 . 34 - etc. up to infinity.
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Therefore, the following term will correspond to the index 3

4 6 8 10 12 2n. 3-3 55 7-7 9-9
----- . etc.,

or it will be

2 2-4-6-8-10---2n

T 7 1-3-5-7-9---(2n—1)°

If n = 2, this series to be interpolated will result

EXAMPLE 4

Let the term corresponding to the index = L in this series be in question

0 1 2 3 4
1 +1 _u +1-1-3 _1 1-3-5 otc
’ 2’ 2.4’ 2:4-6 2-4-6-8 '
This series results from the preceding, if one puts n = %, and therefore the

term in question, which we want to be = %, will be

2 2:4:.6-8-2n
T 7 1.35-7---(2n—1)

having put n = 1. Put

2.4.6-8---2n
1-3.5-7---(2n—1)

=0,

if n = 1, and © will be the term corresponding to the index 3 in this series
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2 24 2-4-6 2-4-6-8

1 1.3 1-3-5 1-3-5.7
which results from the above ones as = 7. Therefore, the term of the propoun-
ded series corresponding to the index 1 which is in question will be = 1. But
since in this series, if the term corresponding to any arbitrary index w is put
= ¥, the one following it will be ¥/ = %Z, the propounded series will be
interpolated by terms falling in the respective middles this way:

etc.,

) 1 3 5 7
Indices: 0 5 1 5 2 5 3 5 etc.
1 —1-1 1-1-3
Terms: 1, 1, > 0, 1 0, A g 0 etc.,
EXAMPLE 5

If n was an arbitrary fractional number, to find the term corresponding to the index
w in the series

0 1 2 3 4
1 n n(n—1) nn—1)(n-2) nn—1)(n—2)(n—-3) otc
’ 1’ 1-2 7 1-2.3 ’ 1-2.3.-4 '

If we compare the expression

2 3 4 n
2—w 3-w 4-w n-w
to § 400, itisa =1,c =1, b = 1 — w and having put n instead of w there, it
will be

1 2 3 n  11l-w+n) 22-w+n)

l-w 2-w 3-w n-w (A-w(l+n) Q-w)2+n) - etc.,

whence the term in question corresponding to the index w, if it is put = Z,
will be

Q-wim2 @ wimd  (+0)2-w) C+a)B-)

2= U n-—w) RemB-w) & 1-2 2-3
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and hence

s_(Hw(ltn—w) 2+w)2tn-w) B+w)Btn-w)
- 1(1+n) 2(2+n) 33 +mn)

therefore, if n — w was an integer number, the value of ¥ can be expressed
rationally.

Soifitis n=w, itwillbe X =1;

if n=14+w, itwillbe X =un;

if n=2+w,  itwillbe Zzn(;l_zl);
: _ o _n(n—1)(n—-2)
if n=3+w, itwillbe X = 12.3

etc.

But if w — n was an positive integer, it will always be ¥ = 0.
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