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A Letter from Mr. John Collins to the Reverendand Learn-
ed Dr. John Wallis Savilian Profeffor of Geometry in
the Univerfity of Oxlord, giving bis thoughts about
fome Defets 1n Algebra.

TO defcribe the Locws of acubick ZEquation.

A Cardanick Equation convenient for the purpofe,
(viz, fuch as fhall have the dioriftick limits rational) muft
hgve the Coeflicient of the roots to be the triple of a fquare

3
number fuchis 4--48 +=N.

Aflume a rank of roots in Arithmetical progreflion , and
raife refolvendi{thcreto a;~4s§=N or refolvends.

Such are 1[1e-am-- 48=47
2|8~ ===-96=88
3[27--=144= 17
4|04 —-192=128
5 125--14.(?::115'
6/216--288—=71
7|343- -336=t7
8| s12-3 84—=*128

. 9 7:9-432="297

Draw a Bafe lineand a perpendicular thereto,and frem O in
the Bqf¢ line prick the negative refilvends downwards, and the
affirmative ones upwards, and raife their roots upon them as
ordinates, a Curve pafling through the fame is one Moity of
the Curve or Locass on the right hand for affirmative roots. and
the other moity on the left handis defcribed in the fame-man-
ner by afluming a rank of negative roots, and raifing refol-
vends thereunto. ‘The Curve Fig, 4. may give a refem-
blance of the thing. :

And 16 the third part of the Coefficient of the roots cubed
is equal to the fquare of 6+ half the reolvend, or dicrsftics limit.

Which in compofing of Cardans canon is always {ubftracted
from the fquare of half the abfoute,as in the example following.

It I were to find the root belonging to the refslvend 297

The fquare of half thereof is ————- 22052+

The fquare of 64 half the dioriftick Limit — 4 96

The difference is17956}
And therule is148-+ vivogel.
1482 T vizesel.

Thatis in a quadratick Fquartion, if 297 were the jum of
the two roots and 64 the root of the &eitansle : then it from
the fquare of half the. fum, the re¢tangle be fubducted,
there remains the fquare of :lzllalf the ditference of the
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roots, and giving them an univerfal Cube root, it is.
3

3

vi48: tvi7956f tv 148{--vI-856.9to ¢ the root fought.

In the former Scheme 2. B.and 2 P. may fignifie the roots
of Cardans Binomials that run infinitely upward. and terminate
at Q. as is mentioned in Se«tion the s:h. And if they can be
continued downwards, probably they will terminate at O.
and #. The touc’ line in Se&ion 24 may here be reprefented
by the line ¢ §. and the Cyr4 line between ¢ and » by 7. from
whence tis plain that any root be:ween 9 and § found near,
may be limited by Approximations of Mejus and Minus,

As to CARDANS RULES

1 'The defcription of the Locxs is before handled.

2 'The rouch hine aflording approaches by an Aquation de-
rived outof that propofed is before defcribed, and the me-
thod of drawingis mentioned by Dr #alls intheTranfactions.

3. The Limits are of two kinds (wviz.) either the 8/ li-
mits when the refolvend is 0. and the zquation falls a degree
lower : or the dioriftick limits whereby a pair of roots gaimn or
loofe their poflibility, as is before defcribed.

4 Cardons canons are but the fum of the roots of a folid
quadratick @quation arifing out of half the dioriftick limit as
the v of the reCtangle, and the refolvend as the fumm

s If the roots of thofe binvmals are feparately prickt down
as ordinates on their refolvends they beget curvés infinitely con-
tinued upward, and meeting in a point bifecting the root
that is equal to a pair of equal roots, when the aquation is
uft limited, or dioriftick as aforefaid in the Figure at 2.

6 It thefc bimomials are prickt down as ordinates to their re-
folvends, Mr. Newrn upon fudden thoughts, fuppofed they
may defcribe both fides of an Hyperbole,

7 If fo they cannot be continued downwards, but by the
method in Mercarors Logarithmotechnia : moft numbers of a con-
ftant habitude belonging to any arithmetical progreflion,
may by aid of the differences, and a Table of Figurative
numbers (yvea, and I add otherwife) be continued upward
or downward, and if thefe run downward they will proba-
bly end both in the #afe limits at'O and &.

8 If thefe binomial c#rves be continued downward, and fe-
parately found fhould always added make the root of a cu-
bick Zquation capable of 3 roots : then Cardans impoflible or
negative rootsare prov'd poflible, and we only in ignorance
how to extraét them.

9 Aflume any root'within the limits of 3 poffible roots, and
raife a refolvend to it, and when you have done, by Cerdan's
Rulesimproved, you may find that root, and,with a little va-
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rying the fame,both the other roots (asin the Poft{cript): for
every number or magnitude capable of a cate root, is capable
of two more, {ce gettion the 115, following.

1o If the roots in the former Scction, be aflumed in
Arithmetical progreflion, and the &quation with its feveral
Refolvends be deprefled, therewill coacout a regular Series
of Quadratick Kquations, whence an eafic method will rife
of writing down fuch ranks as multiplicd by an Anithmetical
progreflion, fhall always beget the fame cubick ®quation,
the Refolvend only varying,

v1 Let theroots of this feries of quadraticksbe found as
uf{ual in binomials, let thefe binomials be cubed,and then let
it be obferved, whether the refults are conftant portions of
the fquare of the Refolveud and of the dioriftick limit: and if
fo, Cardans Rules will have their defect fupplyed,

12 In breakinga biquadratick, 'tis aflerted that by leaving
the Refolvend at liberty, it may be infinitely and rationally
done, without the Aid of the feparating cubick Aiquation.

13 But fuppofing fuch feparating cubick n flore, of
which Barthomss in his dioriftick hath given us great furni-
ture in Species, why may not feveral roots of that @quation
be aflumed rational , and thence the biquadratick broken
into as many pairs of quadratick ®quations?

14 May not from hence a method arife of writing down
2 Serics of quadraticks that multiplied together fhall always
beget the fame biquadratick Nomes, the Refolvend only
varying’and hence the Loczs of the aquationss cafily deferibed.

15 Here again (asin the i1 ) if the binomial rootsof thefe
quadraticks be fquaredly fquared, and thofe refults are con-
ftant portions ot the cube of the Refolvend, and the dio-
riftick limit ; it will be certain there may be general furd
Canons for azquations of the 44h. dimenfion, and Mo/ Clu-
werins (now at Londom) pofitively aflerts he hath a general
method to obtain them for all Dimenfions.

16 As Cardans are furd canons deriv'd from the Refolvend,
and dioriftick limit, fo it were worthy difquifition, whether
other furd Canons (of which many are ficted to particular
cafes by your felf, Lesbritz and others) do not arifc out of the
limits of thofc particular cafesand @quarions, and whether
the glimpfe of a general Method might thence be deriv'd for
all other @quations, though encumbred with negative quan-
titics? which Mr. Grezory,a little before his death, faid he had
attained.

17 “The Learned Dr. Pell hath often aflerted that after
the Limits of an @quation arc once obtain'd, thea it is ciq«
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fy to find all the roots to any Refolvend offer’d.

New for inftance (according to Huddens method) in a bi-
quadratick zquation, you muft multiply all the terms begin-
ning with the higheft, and fo in order by 4, 3,2, *. and the
laft term or Refolvend by O. whereby it 1s deftroyed, and
you come to a cubick ZEquation, the {fame as furrior ufes to
take away the penultimtac Term of the biquadratick, the
roots wherof being found, and as roots having Refolvends
raifed thereto in the biquadratick Zquation , arc the dio-
riftick Limits thercof,

18 And if this caly method were known, we may come
down the Ladder to the bottom, and fall into irrational
quantities, and afcend again. Againft which aflymetry, an
ZEquation might be aflumed low, asarational quadratick,
and thence a cubick Aquation formed, whofe limits fhould
be found by aid of the quadratic Ziquation, and out of
that cubick a Biquadratick ZEquation, whofe limits fhould
be found by the aid of that cubick Aquation, &.

19 Aquations may be fo continued of two Nomes, that
both the dioriftick and bafe limits, fhould be rational, then
fuppofing fuch quation incomplete, the increafing or di-
minithing the roots, fills upall the vacant places.

(&[WTICH]CI' or in what place one or both forts of Limits
fhallToofe their rationality * And what is the nature of the
roots thus drawn » in this I think you have already deter-
mined in diversof your furd Canons.

20 What Dr. Pis method mention'd in Seition 17 {hould
be I cannot guefs, unlefsit be cither.

T'o make furd Canons.  Or good approaches.

Or that raifing Refolvends out of aflumed roots, thofe
fhould make a {tore from whence to deriva the rootsof the
Refolvend offered.

Or making quadratick Fquations out of the dioriftick and
bafe limits, thofe might be mterpoled, by aid ot a Table ot
figurate numbers, or otherwife thereby, asin quadratick -
quations " toattain two roots of a biquadratick at once. which
if performed the greateft difficulties are overcome, andwhy
thould not this feem probable, in regard the Curve ot Loczs, be
the Aquation what it will, makes indented porches.

2.1 Suppofe I fhould propound two cubick or biquadratick
#quations, in Loth whereof all the figns are+. It is propoun-
dedout of thefe two, toderive a third Aquation, whofc root
fhall be the Summ,Difference,orRe&tangle of the Roots of the
two Equations propounded. 'This Mr Gregory a little before
his death writ word he had obtained and in the follow-
1ug Series for finding the Moity of a Hyperbolick Logarithm
1 fuppofe made ufe of. Yrom,
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From a number propos'd fubftract an Unit, let that be
Numerator, and toit add an Unit, let that be Denominator,
and call that fraction N.

1 9 11
Then N+ L+ N+ N+N+N N, . is
u 13

I 3 5 7 . .
Equal to half the Hyperbohci Logarithm fought,
EXAMEFLE in the Number 2.

N
The Fraction is } 1,|3333333== 3333333
3,| 37037¢==— 123456
. 5, 411§2——=—= 8230
The Rarnk Nis cafily 7, 4572=—==—= 653
made by dividing ev'ry 9, §o8—=— 56
precedingnumbesby 9.11, §o==— 5
13, _—= o}
3465733
6931466 which is

The Hyperbolick Logarithm of 2 fought.

I want time to confider the premifes, but hope you will,
(in regard you fcem to thiok it ftrange that any difficulties
{hould remain about Cubicks that are not prefently refolved)
your confiderations wherein will be very acceptable and
worthy publick view.

Other Serics in Print of Mercatere, &e. difpatch not as this
doth neither thereby can the Logarithm of 2 be eafily made,
but by making the Logarithmsof fuch mixt numbersor frati-
ons that multiplied together make the refult 2 juft as2x1 i==3;
whence having and finding that of 13, you prefently have
the Logarithm of 3. -

12 A Cardanck BEquation thatis a Cubick one wanting the
fecond term, may be mulriplied or divided by a rank of con-
tinual proportionzls, fo as to render the cocflicient of the
roots canonick, thatis, to make it the fame with the Aiqua-
tions of the Table, that find the Sine, Tangent, or Secant
of the third part of thatarch to which any Sin¢, Tangent,
or Sccant is propounded, and fo finding the roots in the ta-
bles, thofe fought arc thence obtained by Multiplication or
Divifion. Yea, and the coeflicient of the roots may in like
manner be rendred an Unit, and then the Refolvends{ought
in a table of the fums or differences of the Cubes of num-
bers and their roots, fhall help you to fuch roots, as multip!li-
cd or divided as aforefaid thall be the true ones fought.

23 It isan enquiry worth confideration, whether two of
the roots of a biquadratick may not be kept conftant, and

the
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the reft be encreafed or diminithed, either Arithmetically,
or by multiplication and divifion in a known Rario? certainly
regular Progreflions will arife, thoughas yet, we cannot en-
creale the true roots of an Aquation without as much di
minifhing the Negative nor can we multiply or divide the
roots without we alter all of them. and confequently cannot
reduce cocflicients to {uch habitades as are defirable.

24 It is a pleafant concinnity out ot a root to raifc a Re-
folvend without raifing any of the Powers of the root, and
at the fame time withouta thorough binomial Divifion to

deprefs the Zquation a degree lower.
X ANMPILE,

N 4 3 2
Let the Fquation be a + 10 atga *20a—=r1072.

Letthe root be 4, the resolvend is thus raifed by adding
the coeflicients as you go, and multiplying by the root, thus
a4t ox;;.:’[¢){4.'“‘75‘64.6 o6 2X4 -2,4.81‘ 207 208X4 Ty,
with the fame wor the Bquation may be deprefled without
Divifion. FXArPLE.

Let the Zquation be as before, and place the root with
the former produdts underncath refpeétively, the fumm is

the deprefled Aiquation.

3 2
att roas 4 gat 2ca--1771—=0
ti T56+248 ticya

3 2
The fumagtigat 62 at268a==o0. thatisdivided by a.

3 2
atiga ¥ 63 at268"=="0. whichisthe under 8-
quation fought found without Divifion
25 It's conceived that all Bquations may be fo regulated as
tobe reduced toasmany Arithmetical Progreflionsof multipli-
crs in whole numbers asthe Aquation hath dimenfions, where-
of one of the progreflions Thall be a Seriesof roots - hence the
raifingRefolvendsby tentative workis rendred Logarithmeti-
(izl ForExa ﬁlpl: writzdownany;arithmetical Progreflions,viz.
IX6X3 18 1 fay the Rank Il are the Refolvends or
2X7X§ TE70 S’Htm’@mm Compararicns of a cubick FEquation,
3x8x7 - 168 whofc roots are the Rank k. Thiscubick A-
4x9xy == 324( quation is eafily attaincd out of the differen-
FXI X =% S'O(CCS of the Rank R. for out of the Rank R in
any Aquation propofed raifc feparately the refpective pow-
ers (with regard to their Cocflicients) and out of the three
a3 /ranks fo raifed compofc their refpective ditterences, and
a2, they fhall be the fame with the ditfcrences of the rank
a of Refolvends or Homogenca Comparationss here noted by }if
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If fuch Aquation be encombred with fractions they are
all removed at once, by multiplying moft conveniently, b
the leaft number thatis divifible by the Denominatoers of fuc
fractions, hence alfo the infinite Series before mentioned
(and others) are reduceable to Logarithms.

26 Where Aquations have alitheir terms adteéed with
the fame fign both - t+or ) Mr. Newton and Mr. Gregory de-
ceafed have athrmed they are all reduceable to fome "pure
high power, which 1s of fingular ufc in the infinite Series.
Aund a Learaed sermas where this cannot be doae, hath af-
ferted that they may be reduced to a higher power, with a
variable Cocthcient. which is the root fought with a com-
mon addend or fubdricend. And even this would renderan eafy
teatative Logarichmetical way for attaining the root.

27 If buto » Rootof an ZKquation can be found ata time,
then queitionlefs a better Method is not yet attained, then
what s mentioned in the printed propofal about Printing Mr.
Bakers Treatifs therein mentioned.

28 Faltly. as to Conftructions for Aquations, the follow-
ing robleme feens to be univerfal.

Any two analytick wrvee (wvir.) fuch as wherein the Habi-
tude between the Bafe and Ordinate may be exprefled by an
Hquation bewmng given in Magnitude and Pofition, and from
the poimnts of cheirinterfection ordinates let fall to the Axs
of either figure, or upon parallels to the faid 4xz, the inqui-
ry is of what /Equation thofe ordinates arc the roots?
i Bareon Liked the propofition as well grounded, and left
a difcourfe about doing itin the conick Secions, in which
there are 3 cafes,either the axes are parallel or being produced
conicur, beyond the vertexes of the figures withouts or o-
therwife interfect within the figurcs. v, Gregesy entred on
the fame contemplation, but dcath deprived us of the be-
nefit of his thoughts.

Of Analytick (22 Geometrick) Curves there are innume-
rable forts, of which I fhall mention one or two kinds,

Between an Arithineucal Progrefiion and its fquares, or
between its fquares and 1cs gubces, or its cubes and Biquadra-
tics, there may be interpoled as many Arichmetical or Geo -
metrical means as you pleale : and thence 7. ¢s or Carves e-
rivid, which fome call Parabcliils or Parabelufi 5, fee Gregories
Geometvie pars univer(als printcd in llﬂ!] n (l!ﬂl‘t(»

Poftlevipt explaming Seciron the 9th.

After vou have obtained the Cube roots of Cardans Bino-
mials, according to Van Schoren, in -« Car s or Kerfey, if you
chavge the Sinesof the rational parts of thofc roots, as allfo

the
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the Sines of the Radical Parts, and multiply thofe parts by
3, the refults arc alfo roots of the cubick AEquation firit.
propofed.
EXAMPLE.
222 -=212---20___ 0o
The cube Roots of the Binomials are +23 +V--2

1 2
Fal. V-3

Their fumm is the Root fought==*y

And the other two Roots arc — 2§+ Va!
—— 2}---V2!

. .3 —

Alfo in this Bquation a---60a--:2"""o
The Binomial Roots are +4 V-4
tyerV-4

Hence the Root foughtis +8
And the other two rootsare--4+ V412
= 4=-VtI2,

ADVERTISEMENT.

Thefe papers were fent by Mr. Ccllins to Dr. Wallis in a Let-
ter of 3 Oito. 1682, (with this Characer, [ have (int you bere-
with my thosghts abous [ome defetls in Algebra: ) and are a Copy
of what he had written to fome other (but I know not
whom ) to whom he fpeaks all along in the fecond perfon,
whereas of others he {peaks in the third perfon. And he
did intend ( had he lived longer ) to perfec it further ; by
omitting fome things which (though here he notes as de-
fects ) he found after to be done alrcady, and {upplying
fome others. But he lved not to perfect it, and therefore
(thatit be not loft ) we here give it as we found i,

O XFORD,

Printed at the THEATER, and are to ‘e fold by Mofes pitt,
at the dngel, and Samuel Swuh, at the Primces Arms in St.
Paut's Church-yard LONDON, 1634.
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