[4_2»4;0 ]

XXIV. Direfions for making a Machine for
Jfinding the Roots of Egumz'om nniver/ally,
with the Manner of ufing it : By the Rev.
Mr. Rowmng, 7 _]ohn Bevis, M. D.
F.R. S.

STR,

Read May 3, ERUSING a difcourfe in the me~
1770 moirs of the Royal Academy at Peter{-
burrrh, Tome vil. page 211, by the learned John
Andrew de Segner, containing an univerfal method
of difcovering the roots of equations, which you
was fo kind as to recommend to my confidcration ;
I found, that the author’s method, as you obferved to
me, confifted in finding feveral ordinates of -a para-
bolic curve, fuch, that its abfciffas being taken equal
to any affumed values of the unknown quantity in
the equation, the ordinates correfponding to thofe
abfciffas, fhould bc equal to the values of all the
terms in the equation (when brought to one fide)
that is, in other words, in finding (evcral ordinatesof
a parabolic curve defined by the equation propofed :
in whigh cafe, as is well known, if a curve be drawn
through the extremities of the fuid ordinates, the
points upon the axis, where the curve fhall cut it,
will neceffarily give the feveral values-of the real
roots



roots of the equation ; and the feveral points, where

the curve fhall approach the bafe, but (hall return
without reaching it, will thew the smpo/fible ones. .~ .
'This is 2 method I myfelf fell into ten or twelve
years ago, and have conftantly ufed for finding the

~toots of fuch equations as I have had occafion to =

confider. But his method is preferable to mine in
one refpe, wviz. that whereas I always compute the
value of the ordinates in numbers, he finds them by
drawing certain right lines ; however, when there are
both poffible and impoflible roots in an equation, as
generally there are, thefe methods are both of them
extremely embarrafling : the learned author: there-
fore wifhes, that fome method might be thought of,
whereby fuch curves, as we are now.lpeaking of,
might in all cafes be defcribed by Jocal motion ; but
this, he tells us, he looked upon as fo very difficult
a tafk, that he never attempted it. Qued ad deferip-
tionem attinet, fays he, motum excogitare, quo tales
accuraté defignari poffunt omnes [bujufmods curve] ad-"
modum difficile judico, quare id neque fentavi. ‘This
hint, however, convinced me, that the thing was
poffible ; I therefore determined to endeavour it.

I foon found, that if rulers were properly centered,
and fo combined together, that they fhould always
continue reprefentatives of the feveral right lines, by
which he difcovers the abovementioned ordinates,

~upon moving the firlt, a point or pencil, fo fixed as
to be carried along perpetually by the interfe@tion of
the firft and laft rulers, would defcribe the required
curve, let the number of dimenfions in the equation
be what it will; only the greater that number, the
" greater muft be the number of the rulers made ufe
Vor. LX. Ii ‘ of.
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of. And this nppeaxcd ‘to me fo obvxous, that I ,
wondered, neither the learned. author, who feems to -
have the thmg much at heart, nor any body elfe
fince the publxcatlon thereof, faw it. ,

Let the equation to be refolved, be a-}-&.x - cxx
e dxxx, &eo=o.

Upon the line ZZ, as a bafc, in either the ﬁrf’u;p
fecond figure, draw the lines SS and RR- perpen-
dicu'ar thereto, at any diftance taken at pleafure from
each other.  Then upon the line S § in either ﬁgure,

Taz. VIIL fet off the lines OA, AB, BC, CD, &ec.
pfopornomble to the coeflicients a, 4, ¢, d, &c. in
the equation, remembermg to take cach line upwards
from the extxemuy of the laft, when the coeflicient,
itis to reprc(cnt is affirmative; but downwards from
the {uid extremity, when the coefficient is 7 gative.
Then through the extremlty of the laft of the lines
OA, AR, BC, &c. which in our cafe is D, draw
the line D¢, parallel to the bafe Z Z, and through ¢,
where De interfe@s RR, draw ¢C ; and pam]lel to
§§, and at any diftance from it taken at plealure,
draw MM : then parallel to Do, and where C¢ in-
terfets M M, draw the line £44; through 4, where
this lat Line interfects RR, draw bB; parallel alfo to
D¢, and where 6B interfeéts MM, draw /z; and
through 4, where /a interfedts RR, drawa A.  This
done, et SS RR and C¢, be fuppofed to reprefent
three rulers with grooves or notches cut quite through
them, of fuch form as is reprefented  Fig. - 3.
and let thofe rulers be fcrewed down i their rc!pcc-
tive places S S, RR, and Ce, to a plane or frame of
fufliciznt fize,

Then



i

[os]

Then let other rulers of like form, as B4, Aa,
&c. be moveable upon the centers B, A, &c. and let

thofe centers themfelves be| moveable upwards and
downwards in the groove d&inotch in the ruler 85,

and in fuch manner, that the centers Band A may

be placed upon one another, or upon C, if occafion
requires, and let thofe centets be ferewed down in

their proper places, w7z, the center A at A, the center.

BatB, &c. Then let 24 and /e reprefent other
moveable rulers, fuch as the former, and {o confined
that they fhall always continue parallel to themfelves
and to the line D¢; and let MM reprefent another
ruler of like form. And let the rulers 24 and MM
be connected with the fixed ruler C¢ by a fliding pin
pafling through the interfection of their notches at ¢,

and let the rulers 24, Bb, la and Az be conne@ed

with one another and with MM and RR, by like
pins paffing through their notches at 4, #, a, and s;
and let the laft of thefe pins s, have the point of a
pencil fixed therein; then, 1 fay, that if -the ruler
MM be moved backwards or forwards, from or to-
wards §§, and always held parallel thereto (or be fo
confined as to be capable of moving in no other
manner) the pencil s fhall defcribe the required
curve.  And the diftances from the point O, at
which that pencil fhall crofs the bafe ZZ, on the
right hand fide of SS, fhall denote the affirmative
roots of the equation; and the diftances from the
fame point O, where it fhall crofs the faid bafe on
the left hand fide of SS, fhall exprefs the }zegcztz"ue
ones; and the places, where it fhall approach the

, _faid_ bafe, but fhall return without reaching it, fhall
indicate the impofjible ones ; the faid diftances being‘

12 always

A
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always to he eftimated on a fcale on whxch thc o

affumed line D ¢ is unity. B
Demonft. Since the lines O , AB, B G, &c are :
to be taken proportional to the co
let us fuppofe the firft of the
taken equal to the firft coefficien
it taken at pleafure; fuppofe fo

» viz. OA, to be -

inftance, to the n

part, ‘that is, to Z ; then, to preferve the above-men-

tioned \proportionality, the next wviz. AR will be
equal t&—, BC will be equal to -‘—, and CD to é,
&c. Call OQ or its equal DP, x; then De, as above-
mentioned, being taken equal to waify, Pc will be

equal to 1——x, and D C being equal to %, and the

triangles DCc¢ and Pgc¢ being fimilar, we have this

. . d de—d
Proportion, viz. 1: 1mex::—:———:=Pg or D#;

but £B is equal BC4CD—~D#, that is, to = +i

— -d::—— that is, to f+de, and by fimilar triangles,

as M gb::kB:gr, thatis, in fymbols,as 1:1—x
c+dx ¢ — tx—dx

o tdx i x__gror k7: but Alis equal

n %
.. b, ¢ . d
to AD—D/k—*%/, that is, in fymbols, to PR et Sy
d—dx c-l-dx—-—cx—-—-dxx btcx+dxx

— , that is, to —

and by fimilar mangles, la:ra::Al:rs; in fym.
. b+tx-|-dxx b+tx+dxx—-—bx—-cxx-—-dxax

bols 1:1—
=rs; Qs therefore, whxc.h by the ﬁgurc is equal te

Qr

ﬂicxents a, b, ¢, &c. -

a, or to any part of .
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QP-Pg—gr—rs, is equal to - v
ctdx—cx—drx  b4cx4 a’xx-——bx-—-cxx——dxxx )
———— .'
n - . n
. b xoeda

that is, to at x+[: fhdyxx
is nothing, that is; when the curve defcribed by Sy
a+bx+txx+dx

will be cqual to no-

cuts the bafe,

thing, and therefore cqual alfo to a6 x4 exx A-dsx;
this laft being alfo, from the equation propofed, e-
qual to nothing ; Qg therefore in thofe circumftances
will be equal to a-bx{cxx4dyxxx; and confe-
quently whatever value of x or OQ_renders a4-4x
4 cxx 4-dxxx equal to nothing, will render Qs equal
to nothing : but every value of x that renders a4x
- cxx-}-dxxx equal to nothing, is a root of the pro-
pofed equation a4-bxY-cxx -dxxx=0 ; confequent-
Iy the curve will crofs the bafe ZZ at every real root
of that cguation, whether negative or affirmative, and
theretore, as every one acquainted with curve lines
knows, wiil attempt to do fo, but not quite reach it,
at every impy/fible one. Q E.D.

This demonftration is adapted only to an equation
of three dimenfions ; but it is eafy to fee, it may be
extended to any other

Note. To obtain the negative roots, the rulers
muft be extended to the left of the line SS, as re-
prefented fig. 2. where they are dcnoﬂcdi‘by the
fame letters as in the other figure; wvz. the ruler
Ce muft be extended from ¢ to ¢; the ruler B4
from & to r, and g A from a to s, and onwatds*‘
towards the left, the two laft tummg upon/ 'the
centers A, B, in the fixed line SS.

lt /

a+b+z+d-——d——a’x= S

3 confequently, when (Lr K
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It is not nece‘l'axy, that -the curve. ﬂlould be de-
fcribed with accuracy, or even that it fhould fall upon

the plane or frame, except where it crofles or attempts .

to crofs the bafe; and therefore there will arife no
mconvemcncv in this refpet from taking the lines

lOA, AB, &c. large. But the immoveable rulers -

‘\OD and T¢ muft be fixed {o near together, that,
their diftance De or OT, being reckoned wuity, the
bafe O'T extended to the extremity of the plane to
the right, may take in all the gffirmative roots : and>
when extended to the left, may take in all the zega-
#ive ones.

There is one thing more, very well worth obferv-
ing, viz, that if you have an equation of chis fort
xxx— §ax-}-1200x-+9000==0 (where you may ob-

ferve, that the coefficients unity, 5,1200 and gooo, -

are fo very different from each other, that it would
be difficult to fet them oft in due proportion upon
the line OD) you may reduce them into a more
manageable form, by the following_ contrivance: in-
ftead of each x in the equation put 1ox, 20x or
100x, fuppofe 20x; then inftead of wxx you will
have 8ocoxxx, inflead of —gax you will have
— 2000xx, &c. and the whole equation will ftand
thus, 8000 xxx — 2000 xxx -}- 24000 X 4 Q000 ==0;
then divide each term by 100, and you bring it to
8rvv=—2tv4-24v4-9==0, a much more tractable
equation than the other : but then it muft be remem-
bered, that as you made v 20 times lefs than it was,
the roots when difcovered will be fo many times lefs
than the true ones, and therefore each muft be mul-
tiplied by that number 20.

The
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The following obfervations relative to the ap}vﬁﬁ-’%"

cation of the abovementioned rulers may be ufefulz-|

1. The roots of equation are of three forts, af=

firmative, ncgative, and impoffible; which laft are
fometimes called 7maginary. » 1
2. Every cquation contains as many roots as it has
dimenfions. . 1
3. The impoffible roots go by pairs. Thus, if an:
cquation has an impofiible root of this form a--4

~°1, it has another impoffible one of this, viz.

a—b ¥ =1, which may be called its fellow: from’

hence it follows, that cvery equation, if it has any
“impoflible roots, has either zwo, four, or_fix, &c.thatis,
an cven number of them: and every time the curve
deferibed by the rulers abovementioned approaches
the bafe, and leaves it again without crofling it,
it implies one impoflible root and its fellow; fo that
if it approaches the bafe in this manner three times,
it implics, that the equation has fix impoflible roots.
And this is all the rulers can do with regard to this
fort of roots; they cannot fhew awbat thofe are, but
only Zs:w praiy there are. 1 fhall direct to a method
of finding what they are in the 8th article below.
Inaimuch then, as the impofiible roots go by pairs,
cad the number of roots in any equation 1s equal to
the number of its dimenfions, it followe,

4. That every equation of an odd number of
Gimenfioneg, mult contain at leaft one real/ root,

5. Bvery cequatien whofe fuft and laft terms
(when breught to one fide) have contrary figns, will
have at leaft alfo one real root : and therefore, when
thiz 15 the cate, and the number of irs dimenfions is

1 allo,

il

7
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alfo even, it muft have two real roots at leaft : becaufe
the number of dimenfions being even, and the num-
ber of impoffible roots always even, the number of -
real ones muft be even alfo. ’

6. If any equation be divided by the unknown
quantity minus one of its roots, it will be reduced one
dimenfion lower. - And as every equation contains as
many roots as it has dimenfions, ‘it follows, '

7. That if you deduct the number of impoffible
roots from the whole number of its roots, that is,
from the number of its dimenfions, the remainder
will give the number of its real roots.

8. When you bave found by the rulers, what
thofe real roots are, put the unknown quantity (x) -
equal to each of them, tranfpofe the terms in each
equation to one fide, multiply all the equations toge-
ther, and divide the equation propofed by their pro-
du¢t ; then make the quotient equal to nothing,\and
you have an equation containing all your impofiible
roots, without any real ones intermixed. Then
thofe impotlible roots may be found by the metho
for that purpofe laid down by Monf. de Bougainw'l/e\ :
in his Traité du Calcul integral, in the fifth and fixth \
chapters of his introduction; and which is the beft
method I know of.

His method confilts in parting the equation into
two others, of the fame number of dimenfions in-
deed, but fuch as fhall involve no other than real
roots ; which real roots you may then find by thefe
rulers, or otherwife; and from thence you will obtain -
all the impoflible roots of your equation. But becaufe

few Englith mathematicians, I fuf} pect, are acquainted
' . with
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with this method, it may be ufeful to’ give thc
fubftance of it here in our own language.

The author previoufly demonﬁrates the two fol-; .

“lowing proportions.

Pror. 1. That when a quantity is equal to no-.
thing, and is compofed of many terms, fome of which
are_reql, and the other are terms mztltzplud by N1,
the fum of therealones isequal to nothing; and the fum
of thofe that are multiplied by v__1is alfo equal to
nothing. This is the 6gth article of his introduction.

Prop, II. That when an equation involves ima-
ginary roots only, the unknown quantity may always
be fuppofed equal to m4+#~¥—1; m and # being
real quantitics,  'This is the Soth article of his in-
troduction.

Then to find the roots of fuch an equation as we
arc fpeaking of, for every. unknown quantity
(v fuppofe) in the cquation, fubftitute 747 ¥y,
and you wiil obtain a new equation involving real
terms, and terms multiplied by ¥ =71 ; the former
of w lhch by Prop. 1. are always equal to nothing, and
to are the latter : make them fo therefore, and you have
two cquations, from which the two atfumed quanti-
tics 77 and » may be diicovered 5 and wnicqucm]},
fince the value of & is by the fecond pro;ofltxon equal
to m -2~ =7, itis difcoverzd alfo. :

V/hat Imean in the former part of ghis article may
be explaned by the following inftance; 1upp0{e the
real reuts difcovered by the rulers abovementioned to .

be o, by — ¢, &c. then put vz, v=b, s =—c, &c. .
num}wm the terms to one fide, and you have v —g
220y K==, v A (=20, &C. muluply all thefe laft

-

Vin, LY, - Kk equations

P]
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equations together, divide the equation propofed by -

their product, and proceed as abovementioned.

9. The greateft negative cocflicient of any equa-
tion (confidered as affirmstive) and increafed by uni-
ty always exceeds the greateft affirmative root of the
equation. Ard therefore, T

1o. It for the unknown quantity (x) in the e-

quation, you put that cceflicient taken -aflirmatively -
and increafed by unity minus x, all the reots of the.

cquation will be rendered affirmative.  If you do
this, you need only ufe fuch rulers, as are defcribed
in the firft figure, whofe centers are at their c/xrremi--
ties, and {o one fort of fulers will be fufficient for all
cafcs. For you may obferve, thofe in the fecond figure
are different from the other} as to their centers. .

11. If; when you have made all the roots of your
equation affirmative, you would avoid removing the
ruler MM to the right hand fide of R R, which
might be attended with inconveniency; that is, it
you would have all the roots of your equation fall
between O and T, that is, between nothing and
unity, inftead of the unknown quantity x in your laft
equation, put x multiplicd by the greateft negative
cocthcient therein confidered as afinmative and in-
creafed by unity 5 for intlance, if' the greateft nega-
tive coefhicient in the equation be minus g, put 10w
inftead of every x in the equation, and you will
have a new equation, all whole roots thall fall upon

the line OT unproduced; for then they will be lefs -

than unity, that.is, than DC or OT : but when the
roots are thus found, .each of them muft be mul-
tiplied by that coeflicient increafed by unity, that is,

in the above inftance, by 10; becaufe putting 10x .

for, .
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for x, is making every root ten times fmalIer than
it is.

Thefe propoﬁuons are all taken from the wntmgs -
of the algebraifls, ot however are fuch as eafily fol- -

low from them, and therefore need not be denion--
ftrated here.

-

The following is a defcription of a machine for
regulating the motion of the abovementioned rulers,
which [ caufed to be made by an excellent workman
in this town, and which I defire the fotiety to accept
of, -to be kept as a fpecimen, for the infpection  of
any gentleman, who may chufe to have fuch made.
It extends only to equmons of two dxmenﬁons,’
but it is eafy to fee from it, how it may be carried
to others of any number. A draft of it is exhibited
in fig. 4. of the abovementioned table: where
ABCD reprefents a frame of iron or fteel, confift=
ing of four flrait bars joined together at thCll‘ ex- .
tum[lu, and forming a reCangular parallelogram
about 12 inches long and 8 broad ; into which at its
tour corners are {¢ rewed four perpendicular columns
EF, G, 1K and LM, whofe lower ends ferve
1t as feet to ftand on.  And on one of the aforefaid
bars, wiz, on A, is a moveable nut or {lider, which -
may be ferewed to it at any point thereof ; it appears
1 the ﬁ"un. at N; and on this nut, as a center, one
end of the bar NO turns, whofe other end is
fcrewed down to the crofs bar P Q at R, which crofs -
bar is fecrewed down to the frame at P and Q, and
may be fet nearer or further from the end A at plea=
{ure : this bar reprefents the line R R in fig. 1.- Then-

Kkz

on’
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on the perpendicular pillars EF, GH,IK and LM,
are fixed three bars ST, UX and ¥V 2 ; on the firfk
of thefe ST, is a fliding nut ¢, which carries one ex-

‘tremity of the bar @4 turning upon it as a center ;.
on the fecond and-third, v/z. UX and Y Z, are alfo

two nuts ¢ and f, which may be fcrewed on any

art .of them, and on which the filken cord ef
is faftned. The two firft of thofe bars, wiz. ST
and U X together with the bar A, or rather lines
" fuch as the prieked line upon the upper one drawn
.upon them from piilar to pillar, reprefent the line
S5 in fiz. 1. and the fitken cord extended from
the nut ¢ to 7 and fixed to them, reprelents the
bafe line Z 7 in that figure,

Then befides thefe there is another reltangular
figure g 7k, about twice the length of the former,
whofe fides, g 4 and 47 {lide in grooves or fupporters
ferewed to the frame ABCD, at proper places (three
of which ‘may be feen at /, m, and #), and have
triangular teeth on their under fides from ¢ to 4, and
from 4 to o, which run in fimilar teeth in two wheels
s and #, of equal diameters, fixed on an axis pgr,
and their axis p7 s {upported by proper cocks, one
of which appears at #, the other not feen in this view
of the figure. Thefe wheels being both fixed to
the fame axis, and the triangular teeth in the bars
fitting thofe in the whecels exaQly, occafion the bars
gkand b7 to move with equal paces, when the
machine is put in motion ;" by which means the bars
wx and yz, which flide in two picces 1 and 2
fcrewed to the faid bars g £ and A7, neceflarily move
parallel to themfelves: thefe bars reprefent MM in
' :  fige
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fig. 1.. In the lower of thefe bars wax is fixed @
penpenc’xcular pm, at 3, whofe upper end pafles

through the groove of the bar 4, 5, and its lower

end through that of the bar N O, and in the upper
cf thefe bars y 2, is. fixed a perpendlcul pin 6, 7,
the upper end of which may be taken out, and a
}L.lu. }Jut in s p ace ; this ;‘ n reprcl“n the po‘nt

5 and the former pm 2, the }omt r,oin figeor

here 15 alo a F(I[‘Chdxtul‘r pin ferewed to the
bar 4, 5, at 8, which muft be fixed upon that bar
dircéily cver the groove 1 the bar PQ_ This pin
denotes the point @ in fig. 1. There are alfo two
bars ), 10, and 11, 12, with triangular teeth, which
bars flide in fupporters fcrewed to the frame at proper
‘placcs (which :mpmr at 13, 14, 15, and 16), and
ride vpon the vwheels 17 and 18, with fimilar teeth,
and both ﬁxcd on the axis 19, 20. Thefe wheels
prevent the faid bars from moving with unequal
paces, and gtherefore ceufe the bar 4, 55 which is
fcrewed down to them at each end of it, to move
parallel to itfelf; this bar reprefents /a in fig. 1.
Then the aforefaid nuts or {liders ¢, £, ¢, N, and R,
being fcrewed down at proper places according to
the covthicients of the equation (as fhall be ducbtcd
more particularly in the next article), and the bar g
being pulhed forwards or ba kwqms by the nand
will put the whele in motion; and the pin 6, 7,
will defcribe a curve, which fhall be the Jocus of the
equation, and the diftances where it (hall pafs under
the filken cord ¢f, reckoning from the pricked line

upon the har U X, fhall denote its real roots; and as
nuny tinicy as that pin {hall approach the faid cord,

and

) g{f /



[ 254 ] |
and then recede from it without pafling under it,
twice fo many will be .the number of impofiible
roots in that equation. N. B. There are fome fmall .
pieces fcrewed on to the perpendicular pillars E F,
GH, IK and L M, three of which appear at 21,
22, and 233 thefe ferve only to prevent the bars -
which flide undes them from rifing vp. ’

To re&ify the machine for a propofed equation.

Screw the nuts ¢ and f, which carry the
filken cord at any equal diftances from the pillars
EF and L M. Then flide the nut ¢, which carries
the extremity of the bar a¥, till it is farther from
the pillar EF than the place you have fixed the nut
e at, by a number of divifions upon any fcale ot equal
parts, equal to the known term of the equation, if
that term be aflirmative; but fo much nearer to it,
if that term be negative ; and fix it there. Then
flide the nut N that carries the bar N O] ull it is
farther from or nearer to the pillar EF, than the
~laft nut ¢ is, by a number of divifions taken from
the famne feale, equal to the fecond coefficient of the
equation (I mean that, where the unknown quantity
is of one dimenfion); farther fromit, if that cocfli-
cient is affirmative ; but nearer, if it is negative: and
fix it there.  Then, laftly, flide the nut R, which
fixes the other end of the bar N O, tiil itis farther
from a line drawn from the-pillar EF to LM, that
is, farther from the fide D of the frame than the
laft nut N is from the fame, as many divifions, as the
coefficient of that term of the equation, where the
unknown quantity is of two dimenfions, indicates ; far-

ther,
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ther, if that coeflicient is aﬂarmwwc otherwife nearer
to it: for which purpofe the 'end A of the frame,
and the bars ST, UX, YZ and the ¢rofs bar PQ_
thould all be gmdlmtcd, beginning at the front of the
frame D. They are graduated on ihe machine itfelf
in a manner fomewhat different, but it is found not
fo convenicnt for ufe. Then the f{everal diftances
upon the cord ¢/, where the pencil or pin 6, 7,
fhall crofs it, being recisoned fiem the pricked hine
upon the upper bar U X, ‘and mieafured upon a feale,
on which the diftance of the crofs bar PQ_ from a
line drawn along the middle of the end A, trom EF
to GH, is wirty (chn realon of which appears ﬂom
t.c foregoing demonftration, where De or OT
fiz, 1. and which anfwers o the ditlance of this. }inc
PQ trom the bar A, was put equal to zziiy) fhall ¢
pive the required roots. And i te cord ef is rea
roved, and a picee of pl'-lc‘omrl put over the ma.
chine, on the two upper bars U X and Y 7, having a
it line drawn onits under fide, reprefenting the cord
et oand a p‘cncil‘ with I point upwards be put in
tie place of the pin 7, that penat wiil defenibe on
the under fide of the puleboard @ carve, which
with the faid right Hine (hall corpiia 7 t}.c_ equation
})lo'mtcd and the L\;Lwr th: cosdicients of the
cquation are {which codtiicients niay be madc as
Jurge as vou pleafe without altering the roots, by
mu.txpiymv them by an) number at pleifure) the
lirger will be the anglesiat which the carve and
thc ftrait line fhall cut cuh other; which in the
conftruction of equations is @ viiy defireable  cir-
cumflunce.  And as it appmh from the foregoing
. demon-
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demonﬂratxon, that this machine by ‘the appu. .
cation of more bars, may be extended to equations -

of all dimenfions, it. may not, I think, be improper-
ly called an Univerfal cwwruﬂor of qumt;om. Iam

SIR,
| ’With great refpeét,
your moft humble and .
moft obedient fervant,

London, Effex-ftreet, : .
March 24, 1768, J. ROWUlng.
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