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VII. Prodlems concerning Interpolations. By Edward
Waring, M. D. F. R. §. and of the Infiitute of Bononia,
Lucafian Profefor of Matbematics in the Univerfity of
Cambridge.

Read Jan. g, R. BrIGGs was the firft perfon, I believe,

119 that invented a method of differences
for interpolating logarithms at fmall intervals from each
other: his principles were followed by REGINALD and
MovToN in France. Sir ISAAC NEWTON, from the fame
principles, difcovered a general and elegant folution of
the abovementioned problem: perhaps a ftill more ele-
gant one on fome accounts has been fince difcovered by
Mefl: NIcHOLE and STIRLING. Inthe following theorems
the fame problem is refolved and rendered fomewhat
more general, without having any recourfe to finding the
fucceffive differences.

THEOREM I

Aflume an equation @+bx+cx*+dx® ., . ,.. x"'=y,
in which the co-efficients a, 4, ¢, d, ¢, &c, are invariable;
12 let
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6o Dr. WARING on Interpolations.

~let &, B, 9, d) ¢ &c. denote # values of the unknown
quantity x, whofe correfpondent values of y let be re-
prefented by s%, 5% s%, 8%, s, &c. Then will the equa-
tion g bx+ex* +dxixext . . "1z p=

F—BRE—=y XK —2Ixx—0X &, A—a Xx—yXx—dXx~e X & sB

, > X 8 ===t S

a—BXa—yXae—8¥a—ex &c. B—axB—yXB—IXB~eX &c.
F—aXx—BXx—IXx—tX &c. A—aXA—BXA—yXx—tX SC &
T aX7—BXy—dxy—ax & d—axd—Bxi—gxi—ix &c.

— —— — —
x—aXx—BXx—yXx—3 x&c,

PSR ack ARt A s x §'+ &c.
e—m%E—BX sy Xei=dX &

DEMONSTRATIQ N..

Write o for x in the equation y =
KX Ry X K XH —h X .
A g LA

x—BXx =y X x—3X ¥ ex &e.
. T e R S e
B—aXB—yXR—=ExBwsx &,

e BXa—yXa—dXa—1x & ¥
&c.; and all the terms but the firft in the refulting equa-~
tion will vanifh, for each of them contains in its nume-
rator a faltor ¥~a=a—g=0; and the equation will be-

% 3’)(“?.7 Xa— X a—i x. &e,
come.y-',u_.gx Gy Xa—&X o —8X &e,

manner, by writing £, ¥, J; ¢, 8c. fucceflively for x in
the given equation it may be proved, that when x is
equal to B, y, d, ¢, &c. then will y become refpectively

s, 87, 5%, s, which was to be demonftrated.
2. Aflume y=aua"+bx"+5+cxr+25 4dxr+3 ., xr+n—1s;
and when «x becomes &, £, ¥, ¢, &, &c. let  become re-
fpe&ively

Q&

xs*=sk, In the fame
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fpe&tively s*, %, &, s, ', &c.; then will y =

2 xx =B = = ¥ xat— P x &l

~, $ T 3 s 5 s x 8%
"X =~Fxa—pxa—xa'— s x &

2% a —a’x ¥ =y = ¥ x '’ x &e. 8
X St

+ 3 :
BB —a' %B —y x B — ¥ x B — ' x &c.

r 5 s 5 I3 s 5 § s
xae'—atxat—pixa' =¥ xx'—1 x &e. )
t———— x 87+ &c..
¥ Ky - %y =g %y =8 xy'— " x &c.

This may be demonftrated in the fame manner as.
the preceding theorem, by writing a, 8, v, d) 4, 8. fucs
ceflively for x.

PROBLE M.

Let there be # valuesa, 8,7, ¢, &c. of the quantity x,,
to which the # values s@, s%, s7, s? s, 8&c. of the quan--
tity y correfpond; fuppofe thefe quantities to be found
by any funétion X of the quantity x; let m, ¢, 0, 7, &0,
be values of the quantities x, to which s*, s¢, s, s, &c.
values of the quantity y correfpond: for x. fubftitute its
abovementioned values -, ¢, .03 7; &c.. in the function X,
and let the quantities refulting be %, s¢,. 57, §7, &c. not
equal to the preceding- s™, s¢; 57, 8% &c. refpectively; to
find a quantity which added to the function X fhall not
only give the true values of the quantity y correfponding
to the values a, 5, 9, d) ¢, &c. of the quantity , but alfo

cor-
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correfponding to the values w, ¢, 0, 7, 8&c. of the above-
mentioned quantity x.

Affume §*~§*=T%, §i~-§¢t=1T¢, §°=§°=T% §*~Ss"=7T",
&c.; then the errors of the fun&ion X will be refpec-
tively T7, 1%, 1°, T%, &cC.; and the correcting quantity
{fought may be

FoaXx—BXF—yXF_dxi—tX BC. F—gxx—oxx—tX &C. -

T L o X S==——
e X T—BXT—yXT=8XT—tX &C. ~ F—egXmw—oXw—7X &C,

x—mXx—oXx—1X &Cc.

X—aX X—B XX =y Xx—dXx—5X &c.

F =R X == == x T¢
e—axXg—Bxg—yXeg—oxg—ex &, = p—wxe—oXe—7rx &c.
AmaXX—BXx—yXX¥—=dXK—s X&C, x—mwx¥—pxx—7X &c.
= T R e e X T'
c—aXs—BXo=yXe—=3Xo—s X&. o—aXoc—gXo—yzx&c
X—aXx—8Xx—yXx—dXx—¢ X & X—TXx—gXx—eX &C. T
xoax ARl %

= — X — R ——
FaXT—BXT—yXT=X 5=t X&C  r=wX — X7—0 X &C.

+ &c.
Aliter.

Letwx—axx~Bxx—yxx—dxx—gx & xx¥—x

xx—exx—axx—-*rx&c.:N; w—axw—Bx T—yX =X T—¢

x &c.xaxw:x n—7x &c.=IT; p—axp—Bxp—yxp—Jx

E-—-_Ex &c. X =T XP=0XE—TX &c.=P; U*dxo"—ﬁxa'—.yx

o—dxo—gx &C. xg—TFxg—pxT—Tx &c.=3; 1—ax7—fFx
T—yX T—0x T—gx &C. X T=T x T—px T—0 x &C.=T,&c.; then
. . T T¢
may the correéing quantity fought be N \ — =+ -——
NX¥—7 PXi—g
Td’ T
<+

IXx—c Txa=—7

+ + &c.).

This
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This problem may be.demontftrated in the fame man-

ner as the preceding theorems, by writing for x in the-
correting quantity fucceffively its values r, ¢, o, 7, &c.

2. For the correting quantity fought may be affumed

$ s $ s L § [ 5 r s s 3 s

o Kt =By A =¥ Keox A P xa —
the quantity = g x - - : =
e xr =B xr =X =% e x¥ x = xS

x¥—rxbe ow, Fmaxa-gxaloyix ¥ &e x s x o

Xn—7x&c. e"— o' x g‘—-B'XQ'— ¥ x ' =¥ x &coxg x e~ o

xxowxdodx&e ey &
X e‘.. ’xe— 5 x &

3. In general, let z be any quantity which is=o,,
when » becomes either «, B, ,,d; ¢, &c.: let z become:
fucceflively a, B, ¢, D, &c. when & becomes 7, ¢,.0,.7,,
&c. refpectively. When « either = g, g, 7, &c. let 1 =03
but if x¥=mn, let [I=p: in.the fame manner when x either.
=m, 7y 7, &c.let P=0; but when x=g let P=r: and fimi-
larly, let £=0 when « is either =, g, 7, &c.; but when.
x =g let =4 and likewife, when x is either =, o, 7, &c..
let T=0; but when x¥=1 let T=2: &c. then for the cor-

re&ting quantity fought may be aflumed -:ix E X T7+.

‘z P 2z b} 2z T
— 0 € o e ¢ T e 8¢ —— T .
,"r""""c";""‘"‘n";""‘""&c'

T H E=~-
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T HE OR E M

Aflume (%) quantities a, B, 9, 0 ¢, &c. then will the
fum of all the (#) quantities of the following kind

”
o

o+ W—aﬁ:—“
¢-—EX¢-—78¢-—5X~——:X &c.  B—aXB—yXB—3XB—iX &c.
;::X'y—*Bx"y—-:}Xy——lX &e S Xd=RBXI—y X d—s X &E.
‘m .
Em———— . = f be any whole
t—a X i==f Xy Xe—3 X &¢. + & 9 1 m : Y

number lefs than »—1; but if » =n- 1, then will the
above mentioned fum=1. In general, the fum of the

7 terms = (Br3&c.4+By:&c. +8) +ydibee &) o
el X Gty X Gt R s § X &€

B (wya&c +¢we&c.+a3.&c +yh&c +&C Y +
s Xy X B—3 X F—a X &C.

> (aﬁ?&c + ,.e. &e. 4 ade &c. 4 B3¢ &e. 4 &e.) +
P x'y——ﬂx'y—b‘x'y—; &c.

Jm (I.By &C.+ uﬂl&c. + 375&0‘ + &, ’ +
i
»—-ux X Sty X 0=t X &C.

s (aﬂ'y &c. 4 «83&c. 4 ayd&e. + gyd&e. - &c)
e Xt B My X a8 X K0

if m be lefs than #, and 72+ not equal to #—1, where »
is equal to the number of letters contained in each of the
«contents above mentioned 8y, &c. 'Bys, &c. BJe, &c.
y0¢, &c. &c. &c. refpeé’tively: but if m+7r=#-1, then
will the above mentioned fum = =13 it will be + 1 if 7
be an even number, otherwife ~ 1.

4 DEMON-

+&c.=o,
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DEMONSTRATION,

Suppofc a+ba+ca’*+dad+eat+ &c. =s%
a+bB+cB+dRE+ef+ &c.=sb,
a+by+cy +dy’+eyt+ &c.=¢?,
a+bd+cd*+dd+ed*+&c. =5}
a+be+ce +ded +eet+ &, = ', multiply
thefe equations into' 4, B, C, D, E, &c. unknown co-effi-
cients to be inveftigated, and there refult
Axs*=Aa+Aadba+Aca’+Adad+Aeat+&ec.
Bx*=Ba+BoB +BcB+Bd+B e+ &c.
exs'=ca+chby+ccy’+cdyd+cdyt+&e.
Dxs’=pa+D5J+Dcd*+Ddd? +Ddd*+&c.
ExS'=Egd+Ede+Ece’ + Ede® +Eee + &c. &c. &ec.
Now fuppofe As®+Bs®+CsY+Ds’+Es*+ &c. =a +bx +cx*
+dx%+ex*+8&ec. and the correfpondent parts refpectively
equal to each other; that is, #(A+B+C+D+E+ &c.) =23
b(Aa+BB+Ccy+DI+Es+&C)=bx; Aa’+BfS"+Cy +DJ*
+Eg*+ 8&cC. =a’; Aa’+B + Copt+ DI+ EES+ &e =a%;
Agt+BR+Cyt+ DI+ Eet+ &Ko, =x% &c.: But it follows
from Theorem . that (if as*+Bsf+cs?+ ps’+Es'+&c..

H—BXRX—y X ¥—dX ¥ —2 X&CQ
%~ By X a3 X “-AX&C.”

= a+bx+ex+dxPtext+ &c) A=

YorL. LXIX. K B=
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x—aXx—yx¥—3xx—eX&e. _x—axx—Bxx—3txx—1xke
B= B—axB—yXxB-3xB_eX&c? T L axy—BXy—dxy—rx&c ?
A X T —BXA—yXA—ex &, _x—axx—Bxx—yxx—3x&e,

D o Bxd—yxio X&) E T i A Xk &

&ec.: fubflitute thefe values for a, B, ¢, D, E, &c. refpec-
tively in the preceding equations(A+B+C+D+E+&c.=1,
Aa+BB+Cy+Di+Ee+ &c. =%, Ax’+BF +Cy*+ D]+
E¢*+ &c.=&% Ax’+BS+Cel+DI3+Ee}+ &c. = a3, &c.)

X—BXF—yxx—dxx—ix&ec,
-Bxa—yx'z—-h(a—ns&c.

and there refult the equations (1)

Y—aX¥—yXa—dXx—ex&e, ;-—uXx BXxx—4§xx—X&c,
B—axB—yxB-3xf—ix&e, -asxy—ﬁx-y—«?x-y.-sx&e

+&c.=13

F_BXr—yxx—3xx—tx&e. x—-aXx-vxx-J‘xx-—cx&c.
(2)0{)('——‘—_—’_""’ +6x.—.—..—_. ——
a—BXamyXa—dXa—tX&C, Bma XBmyXB=3xB—sx &co

+7X e Xx—BXx —5‘)(.:—-:)(&(:.
7 —aX7—BXy—3Xy—ex&c.

) . T BXx—yXx— 3w —ex&e, ﬁz “*“X*—'yxx—«?)(x—-x&c.
(3 % a_gx,_yxu—a‘xw—;x&c. 5""xﬁ"7X5 }xg._‘x&c

x—-u)(x—-ﬂ)(x—-i)(x-—:)(&(:.
+7 X S

y—aXy—BXy—3Xy—1X&c,
umxtax’;:,,x‘;:«)xx—sx&c. ,3’" x-.,xx_,x,,_gx,_.x&c.
a—BXa—yXa—3Xa—eX&e, B—aXB—yXB— X B—1x &,

+7m x—-u)(x—ﬂ)(.x—é‘x.x—lx&c._i-a\m F—aXx— Bx-"*‘?XR—tX&L‘.-
y—aXy—BXy—9Xy—X&c. S—axd— Bxd—yxd—ix&e,

+&c.=x™, whatever may be the values of the quantities
%3 oy By, 0, £ &c.: reduce all thefe fradions into terms,
proceeding according to the dimenfions of the quantity
x, and it is evident, that the fum of all the fracions mul-~

tiplied

+ &c.=x;

=x*; and in general,
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tiplied into any dimenfion of x not equal to 72 will be
= 03 but the fum of all the fradtions multiplied into x=
will be = 1: from this propofition the theorem is eafily
deduced. ‘

I have invented and demonftrated from different prin-~
ciples to the preceding the firft part of this theorem, a
particular cafe of which was publithed by me many years
ago.

From this theorem may eafily be deduced feverak
others of a fimilar nature.




