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MATHEMATICS AND PHILOSOPHY: WALLIS, HOBBES,
BARROW, AND BERKELEY*

By HELENA M. PYCIOR

While there has been considerable interest in similarities between
George Berkeley’s mathematical philosophy and twentieth-century coun-
terparts, few scholars have looked back into the seventeenth and early
cighteenth centuries for the roots of Berkeley’s mathematical views.! This
want of perspective permits a somewhat inflated impression of Berkeley’s
novelty, and inhibits scholars from fully appreciating vital connections
between his mathematical and general philosophy. The present paper fills
this gap by analyzing Berkeley’s mathematical views against the back-
ground of the English mathematical world of the seventeenth and early
eighteenth centuries. It shows how Berkeley (1685-1753) struggled with
the pressing problems of his mathematical contemporaries: the ranks of
geometry and arithmetic within mathematics, the status of the “impos-
sible numbers” (including the negatives and imaginaries), and the legit-
imacy of reasoning on symbols. He shared interest in these questions
especially with John Wallis ( 1616-1703), Thomas Hobbes (1588-1679),
and Isaac Barrow ( 1630-77), and, as demonstrated below, interwove their
insights with his distinctive philosophical tenets to produce his mathe-
matical philosophy.

While setting Berkeley’s mathematical views in this larger context,
the present paper highlights the close interrelationship between the math-
ematics and philosophy of his period. The debate of Wallis and Hobbes
on the merits of algebra, for example, was at the same time a discussion
of the larger question of one’s ability to reason on signs without consid-
eration of their meaning; similarly, the problem of the “imaginary*
numbers raised the question of reasoning on signs for which there were
absolutely no corresponding ideas. Thus the paper suggests that the
English mathematical ferment of the seventeenth and early eighteenth
centuries provided Berkeley not only with elements of his mathematical
philosophy but also with problems and insights which dominated his
general philosophy.

In addition, the paper sheds new light on Berkeley’s mathematical

* Research for this article was assisted by a fellowship from the Center for Twentieth
Century Studies, University of Wisconsin-Milwaukee.

' The major exceptionis G. A. Johnston, whose suggestive account of the mathematical
background of Berkeley’s work was limited by dependence on secondary histories of
Mmathematics. See J ohnston, The Development of Berkeley’s Philosophy (New York, 1923),
SSpecially 75.93, 209-23, and 261-81, and “The Influence of Mathemati

cal Conceptions
on Berkeley's Philosophy,” Mind, 25 (1916), 177-92.
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266 HELENA M. PYCIOR

philosophy. It argues that Berkeley recognized a tripartite division of
mathematics into (1) geometry (the highest mathematical science which
was based on sense perceptions), (2) arithmetic and algebra (formal
sciences involving reasoning on mere signs), and (3) analysis (a method
applied to geometry). This tripartite approach to mathematics demands
careful delineation as a corrective to the mutually inconsistent monolithic
interpretations which have labeled Berkeley variously as a materialist,
conventionalist, formalist, and realist philosopher of mathematics.? The
paper also refines the work of those earlier scholars who, realizing the
invalidity of a strictly monolithic interpretation, claimed that the young
Berkeley distinguished between perceptible geometry and the formal sci-
ences of arithmetic and algebra while the mature philosopher embraced
a formalist view of all mathematics.® Rather, as shown below, the tri-
partite approach remained the cornerstone of Berkeley’s mathematical
philosophy through the publication of his last major mathematical work,
The Analyst, and, in fact, the approach lay behind his inability to come
to terms with the calculus.

L. Berkeley entered the mathematical arena shortly after the close of
the seventeenth century during which geometry had been pitted against
arithmetic and algebra in the mathematical facet of the battle of the
ancients against the moderns. According to some of the century’s math-
ematical conservatives, geometry stood above arithmetic and algebra as
the mathematics of the ancients and hence the sounder science; arithmetic
enjoyed less prestige partially because of its association with algebra and
thus with the moderns. Other supporters of the ancient mathematics,
moreover, fell under the seventeenth-century empiricist spell and dis-
missed arithmetic primarily because of its want of a definite physical
basis.

Pursued as an extension of arithmetic in early modern Europe, the
new algebra differed significantly from both arithmetic and geometry. It
involved reasoning on symbols (which were taken as signs of numbers).
Furthermore, because of the blossoming of the theory of equations in the
seventeenth century, the new algebra admitted not merely the numbers
of traditional arithmetic—whole numbers and their fractions—but neg-
ative and imaginary numbers as well. Added to these differences con-
cerning objects reasoned upon were differences between algcbra and
geometry concerning methods used. Geometry was primarily deductive

? For a sketch of the main interpretations, sec Robert J. Baum, “The Instrumentalist
and Formalist Elements of Berkeley's Philosophy of Mathematics,” Studies in History
and Philosophy of Science, 3 (1972), 119-20, and for the materialist interpretation, Bruce
Silver, **Berkeley and the Mathematics of Materialism,” New Scholasticism, 46 (1972),
427-38.

? See, ¢.g., J. O. Urmson, Berkeley (Oxford, 1985 ), 67-68, and G. J. Warnock, Berkeley
(Baltimore, 1969), 205-11.
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or synthetic, while seventeenth-century algebra was primarily analytic.*

Following the synthetic method, the geometer derived logical conclusions
from axioms and postulates. But the algebraist, as in the solving of

equations, often proceeded analytically: he began with an assumed re-
lationship between known and unknown quantities, determined the un-
known, and, only at the end of his calculation, demonstrated that the
newly determined value(s) satisfied the original relationship.

Although the methodological differences were mentioned, the sev-
enteenth-century debate over the relative merits of geometry versus arith-
metic and algebra centered on the questions of the ability of the human
mind to reason on symbols, the legitimacy of the negative and imaginary
numbers, and finally the ultimate source of the numbers of arithmetic.

The symbolism of algebra was touted above all as a means of abbreviating
mathematical processes. For example, while earlier mathematicians had

described in prose the process of multiplying a number by itself a certain
number of times, the new algebraists moved towards simply recording
the number raised to the appropriate exponent.” Thus the number a
multiplied by itself six times became, in the new symbolism, a®. Led by
Descartes, seventeenth-century mathematicians also began to transform
geometrical problems into algebraic ones. In this new analytic geometry,
for example, (a, b) could stand for a point in a plane whose abscissa was
a and ordinate, b, and the equation x* + p* = 9 could stand for a circle
with a radius of 3.

But, it was asked, did the use of symbols really shorten mathematics?
Was the human mind able to reason on symbols, or, when faced with
symbols, did the mathematician need to translate them back into appro-
priate prose expressions or into the ideas for which they stood? Could,
for example, a mathematician correctly manipulate a® without recalling
that he was multiplying the number a by itself six times? Similarly, could
the mathematician draw accurate conclusions about x* + y? = 9 without
recalling that the curve under consideration was a circle with all the
usual geometrical properties of that figure? If the latter was impossible,
as Hobbes believed, then algebraic symbolism actually wasted the math-
ematician’s time by forcing him to translate ideas or prose descriptions
into symbols and then back again, and so on.

The problem of symbolic reasoning was complicated by algebra’s
appeal to “impossible numbers,” which seemed to defy suitable definition
and mental conception. These numbers included the negatives, defined
at this time as “quantities less than nothing,” and the imaginaries, num-

“ For the traditional distinction between the two methods, see The English Works of
Thomas Hobbes of Malmesbury, ed. Sir William Molesworth (11 vols.; London, 1839-
45), I: 310 (hereafter abbreviated as E-W.).

*J. F. Scott, The Mathematical Work of John Wallis, D.D., ER.S. ( 1616-1703)
(London, 1938), 137-38.
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268 HELENA M. PYCIOR

bers which, when squared, produce negative numbers. The best English
mathematicians of the seventeenth through early nineteenth centuries
struggled to define or otherwise legitimate the negative and imaginary
numbers.® Preoccupation with these numbers was precipitated in the
seventeenth century by their increased use in algebra and by the century’s
emphasis on clarity of conception. The negative and imaginary numbers
were forced upon mathematicians by advances in the theory of equations.
The seventeenth century witnessed not only new solutions of polynomial
equations but also formulation of the fundamental theorem of algebra.
The fundamental theorem states that: a polynomial equation (with com-
plex coefficients) of nth degree has n (complex) roots. For some equa-
tions, of course, the n roots include negative or imaginary numbers. Thus
the simple equation x* 4+ 1 = 0 has two roots (\/:l and — \[—1 )
both of which are imaginary. In short, acceptance of negative and im-
aginary roots (and hence numbers) proved a prerequisite for further
development of a theory of equations. Ironically, such acceptance was
urged upon mathematicians in the century when “clarity of conception,
which Descartes emphasized, and upon which Hobbes insisted as much
as did the members of the Royal Society, was one of the key values.”’
The negative and imaginary numbers thus set up a dilemma: the choice
between mathematical usefulness and philosophical clarity. Mathemati-
cians themselves saw the dilemma. They described these numbers var-
iously as “impossible,” “imaginary,” and ‘“‘unintelligible;”” a few even
called for abandonment of the negatives and imaginaries as “a parcel of
algebraick quantities, of which our understandings cannot form any
idea.”*®

While the problems of symbolic reasoning and impossible numbers
were specifically algebraic problems, arithmetic also came under direct
attack. Major seventeenth-century English thinkers were committed not
only to clear thinking but also to empiricism. Francis Bacon, Thomas
Hobbes, Isaac Barrow, and John Locke, for example, all rejected Platonic
ideas and stressed experience as a source of human knowledge. This
empiricist strain affected the English understanding of and outlook on
mathematics. Geometry fit easily into the various philosophical schemes
constructed around the empiricist tenet, since geometry, it was argued,
dealt ultimately with physical objects. An empirical explanation of arith-
metic, however, proved more difficult. While an empiricist mathematician
could point to a line drawn on paper as an object of geometry, the

¢ See Ernest Nagel, “ ‘Impossible Numbers’: A Chapter in the History of Modern
Logic,” Studies in the History of Ideas, 3 (1935), 429-74.

" Richard Foster Jones, Ancients and Moderns: A Study of the Rise of the Scientific
Movement in Seventeenth-Century England (2nd ed.; St. Louis, 1961), 169.

* Francis Maseres, “A Method of Extending Cardan’s Rule for Resolving One Case
of a Cubick Equation ... ,” Philosophical Transactions of the Royal Society of London,
68 (1778), 947.
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MATHEMATICS AND PHILOSOPHY 269

physical universe failed to offer any particular objects of which he could
say: “there are the numbers one, two, three, ... ."” As shown below,
Hobbes (to some extent), Barrow, and Berkeley were troubled by this
want of definite physical referents for the whole numbers. Consequently
Hobbes and Barrow subordinated arithmetic to geometry. Eventually,
however, following hints from Hobbes and Barrow that numbers were
“names,” “marks,” or “signs,” Berkeley salvaged arithmetic as a formal

science—one which, however, he persisted in ranking just below the
sense-based geometry.

I1. The mathematical phase of the battle of the ancients against the
moderns, from which some of the key elements of Berkeley’s mathe-
matical philosophy seem to have emerged, began with the extensive
mathematical writings of John Wallis. A strong supporter of the math-
ematics of the moderns, Wallis expressed no qualms about symbolic
reasoning, accepted the negative and imaginary numbers, introduced new
algebraic symbols, boldly generalized existing symbols and concepts, ap-
plied algebra to geometry, and even suggested the subordination of ge-
ometry to arithmetic.

Wallis’s major algebraic publication was his Treatise of Algebra, pub-
lished in 1685 as its author neared his seventieth birthday. This work
offered Wallis’s mature description and endorsement of algebra as “spe-
cious arithmetick,” which by assigning

Notes or Symbols (which he [Vieta] calls Species) to Quantities both known
and unknown, doth (without altering the manner of demonstration, as to the
substance,) furnish us with a short and convenient way of Notation; whereby

the whole process of many Operations is at once exposed to the Eye in a short
Synopsis.”

Thus Wallis focused on the use of symbols and the mathematical economy
achieved thereby as the distinguishing characteristics of the new algebra,
and expressed complete satisfaction that algebraic reasoning preserved
the “substance” of mathematical demonstration.

Even he, however, admitted that algebra’s appeal to the negative and
imaginary numbers was troublesome. Still, in chapter 66 of the Treatise,
Wallis urged acceptance of these numbers based on their mathematical
usefulness and physical applicability. He first admitted that the imagi-
naries were “‘Impossible ... as to the first and strict notion of what is
proposed. For it is not possible, that any Number (Negative or Affirm-
ative) Multiplied into itself, can produce (for instance) —4. . . .” Then
he quickly drew a parallel between the impossibility of the imaginaries
and that of the negatives. “But it is also Impossible,” he declared, “that

 John Wallis, A Treatise of Algebra, both Historical and Pracrical (London, 1685),
preface, n. p.
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270 HELENA M. PYCIOR

any Quantity (though not a Supposed Square) can be Negative. Since
that it is not possible that any Magnitude can be Less than Nothing, or
any Number Fewer than None.” Thus, he implied, if mathematicians
were bound by “strict notions,” which included traditional, meaningful
definitions, then they ought necessarily to reject the negatives along with
the imaginaries. Such strict interpretation, however, was not for Wallis;
the “supposition” of negative numbers, he continued, was neither “un-
useful” nor “absurd.” The usefulness of the negatives, especially for the
theory of equations, was beyond question. But Wallis felt obliged to
clarify his denial of their absurdity. He explained that a negative number
was susceptible of “Physical Application ... [and] denotes as Real a
Quantity as if the Sign were +; but to be interpreted in a contrary sense.”
An example reinforced his point that the negatives were mathematically
acceptable because, even if they defied definition, they could be interpreted
or applied in the physical world. If positive numbers are used to represent
land gained from the sea, he noted, then negatives represent that lost to
the sea. In addition, Wallis offered a geometrical interpretation for the
imaginary numbers: he held that the “true notion” of the imaginary root
\J/—bc was a mean proportional between +band —c or —b and +c.
In short, Wallis emphasized utility and physical applicability over “strict
notions” or traditional definitions."

Wallis not only defended the new algebra and its problematic numbers
but also argued that algebra was applicable to geometry and perhaps
mathematically prior to it as well. Following Descartes, he used algebra
extensively in the study of geometry. In Conic Sections: New Method
Exposed, for example, he defined the parabola, ellipse, and hyperbola
through equations. As he boasted, the treatise demonstrated that these
conic sections could be treated strictly algebraically, that is, without
traditional development as slices of a cone."" In Mathesis Universalis,
Wallis implied that geometry was subordinate to arithmetic. He noted
that continuous magnitude, the special subject of geometry, was measured
by number, and thus hinted that number was antecedent to, and in some
respects governed, continuous magnitude. The key passage, often quoted
by Wallis’s critics, was: “Simply because a line of two feet added to a
line of two feet makes a line of four feet, it does not follow that two and
two make four; on the contrary, the former follows from the latter.”"

1. While Wallis represented the vanguard of modern mathematics

19 Ibid., 264-66.

' Scott, 21-22.

22 John Wallis, Mathesis Universalis (Oxford, 1657), 69. The translation is taken from
Florian Cajori, *“Controversies on Mathematics between Wallis, Hobbes, and Barrow,”

Mathematics Teacher, 22 (1929), 147.
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MATHEMATICS AND PHILOSOPHY 271

in seventeenth-century England, Thomas Hobbes led the defense of the
mathematics of the ancients. He favored geometry over arithmetic and

already been summarized by George Croom Robertson. “The prominence
he [Hobbes] assigns to Geometry, as if it were equivalent to Mathe-
matics,” Robertson observed, “follows from his original position that

“the lines and figures from which we reason are drawn and described
by ourselves” (EW. vIi, 184).

The preceding Statement can be taken literally, for Hobbes’s theory
as on his emphasis on Sénse experience. He thought that the geometer
reasoned on specific lines and figures, or on thejr universal names, but
NEver on universal abstract ideas of such. This view of geometry fit in

“triangle” he would not know that this particular Property prevailed in
other triangles. Rather the mathematician “would be forced, as often ag
a different triangle were brought before him (and the difference of tri-
angles is infinite) to begin his contemplation anew; which he would have
N0 need to do if he had the use of names, for every universal name
denotes the conceptions we have of infinite singular things " (E-W. 1, 79-
80).

" George Croom Robertson, Hobbes (Edinburgh and London, 1910), 1045,
" Emphasis on extended body as geometry’s subject prevailed in the Six Lessons,
where however Hobbes Suggested time as a related geometrical subject (EW. vi1, 194).
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the superiority of geometry over arithmetic. But, when the two men
debated various mathematical issues, Wallis seems to have taken the
traditional Euclidian view of geometry, while Hobbes argued for his
nominalist view. Specifically, as explained in the Six Lessons, Wallis
followed Euclid’s definition of a line as “length without breadth,” and
Hobbes insisted that a line was “a body whose length is considered
without its breadth” (E.W. VII, 202). In short, according to Hobbes,
geometry dealt not with the abstract idea of line, but rather with sensible
lines whose breadth was ignored by mathematicians. Generalizations
about such lines depended on the use of the general name “line” to
denote all specific lines.

Hobbes’s theory of arithmetic also embodied his rejection of universal
ideas and stress on sense observations. But this theory was not as well-
developed and clear-cut as that of geometry. Hobbes seemed torn between
viewing arithmetic as dependent on gecometry and, alternatively, devel-
oping it as a somewhat independent theory of names. This tension was
evident in the Elements of Philosophy. In that work’s major section on
quantity, which contained one of his lengthier discussions of arithmetic,
the philosopher avoided the question of the nature of numbers and,
working from his materialist conception of science, asked rather how
number could be “exposed™ or “set before™ the senses. “Quantity ex-
posed,” he explained, “must be some standing or permanent thing, such
as is marked out in consistent or durable matter; or at least something
which is revocable to sense” (E.W. I, 40). Number could be exposed in
two ways:

cither by the exposition of points, or of the names of number, one, two, three,
&c; and those points must not be contiguous, so as that they cannot be distin-
guished by notes, but they must be so placed that they may be discerned one
from another; for, from this it is, that number is called discrete quantity. . . .
But that number may be exposed by the names of number, it is necessary that
they be recited by heart and in order, as one, two, three, &c. . .. (E-W. 1, 141)

The first method of exposition implied a dependence of arithmetic on
geometry. While Hobbes did not explicitly identify numbers as geo-
metrical points (defined in the Six Lessons as “bod[ies] . . . whose quan-
tity is not considered™ [E.W. VII, 201]), he at least suggested that such
points could serve the senses as representatives of numbers. But still,
Hobbes admitted, there was a second, nongeometrical way of exposing
numbers, depending on a view of numbers as names and requiring only
their recitation in the right order.

Moreover, there is evidence in another section of the Elements that
the problem of the negative numbers pushed Hobbes towards the latter
view of numbers as essentially names. While whole numbers were sus-
ceptible of representation as points, he could find no physical referents
for the number zero or negative numbers. Indeed a theory of numbers
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as names—which included names standing for no specific extended bod-
ies—seemed essential for explanation of zero and the negatives. “Nor,
indeed,” Hobbes opined,

Is it at all necessary that every name should be the name of something. . ..
[TThis word nothing is a name, which yet cannot be the name of any thing: for
when, for example, we substract 2 and 3 from 5, and so nothing remaining, we
would call that substraction to mind, this speech nothing remains, and in it the
word nothing is not unuseful. And for the Same reason we say truly, Jess than
nothing remains, when we substract more from less; for the mind feigns such

remains as these for doctrine’s sake, and desires, as often as is necessary, to call
the same to memory. (E.W. 1, 17-18)

Thus, denying universal ideas, unable to find physical representations for
all numbers, and yet mindful (along with Wallis) of the usefulness of
zero and the negative numbers, Hobbes sketched a new approach to
arithmetic as a science of names,

While Hobbes’s views on geometry and arithmetic thus evidenced
considerable novelty, his almost uniform condemnation of algebra earned
him a place of honor on the side of the ancients. He viewed algebra
differently from geometry and arithmetic, Geometry and arithmetic were,
in his opinion, sciences: algebra—which he saw as essentially symbolic
reasoning—was an art of invention. Algebra was unsuitable for mathe-
matical demonstration, because demonstration required names or words,
not merely symbols.

Hobbes criticized algebra in a section of the Elements dealing with
geometrical analysis and in his Six Lessons. In the Elements he expressed
a preference for synthesis over analysis, distinguished algebra from anal-
ysis, and hinted at reservations concerning the algebraist’s dependence
on symbols (E-W. I, 314-17). In his Six Lessons he issued a stronger
attack on algebra. Inspired at least partially by his theory of names, he
focused on the uselessness of symbols in mathematical demonstration.
The attack began as Hobbes noted that the ancients had used analysis
but not symbols. “Had Pappus,™ he asked, . . . not proceeded analyt-
ically in a hundred problems . .. and never used symbols? Symbols are
poor unhandsome, though necessary, scaffolds of demonstration; and
ought no more to appear in public, than the most deformed necessary
business which you do in your chambers” (E.-W. VII, 248). In invention,
Hobbes then admitted, symbols provided a shorthand to record the math-
ematician’s progress. As, however, the mathematician tried to commu-
nicate his results to others, symbolic formulation prolonged mathematical
demonstration rather than shortening it. For communication of mathe-
matics required translation of symbols into the things they represented.

Thus, concerning Wallis’s algebraic restatements of some of Hobbes’s
geometrical results, the latter retorted:
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274 HELENA M. PYCIOR

you show me how you could demonstrate the sixth and seventh articles a shorter
way. But though there be your symbols, yet no man is obliged to take them for
demonstration. And though they be granted to be dumb demonstrations, yet
when they are taught to speak as they ought to do, they will be longer dem-
onstrations than these of mine (E.W. VII, 281-82).

IV. Isaac Barrow, the first Lucasian Professor of Mathematics at
Cambridge, also generally sided with the ancients. Although more pro-
ductive in mathematics than Hobbes, he was a more conservative critic
of arithmetic and algebra. Like Hobbes, Barrow emphasized geometry’s
connection with the sensible; he also questioned Wallis’s subordination
of geometry to arithmetic. But unlike Hobbes, Barrow explicitly denied
arithmetic an existence independent of geometry and, when discussing
the new algebra, confused it with the method of analysis and dismissed
it as a part of logic.

The mathematical philosophies of Hobbes and Barrow began with a
common rejection of Platonic ideas. As Barrow explained: “there is no
need, at least in Speculative Sciences, for supposing any physical Antic-
ipations, common Notions, or congenite Ideas.” Rather than embracing
Hobbes’s theory of universal names, however, Barrow developed a theory
of universal ideas which assumed the accuracy of sense observations and
saw ideas as products of human reason applied to those observations.
Showing his faith in the senses, Barrow asked: “Perhaps I am ignorant
of the Manner of perceiving by my Senses, but do I not therefore see
what is before mine Eyes?” He soon thereafter declared that “the Sense
then, when right and perfect, as it is naturally in most Men of a sound
Constitution, discerns many Objects certainly.” Human reason, Barrow
continued, produced universal ideas from accurate sense observations:
“The Mind, from the Observation of the Things objected, takes Occasion
of framing like Ideas, which, as soon as it clearly perceives to agree with
the Things that may exist, it affirms and supposes; then appropriating
Words to them forms Definitions. . . .”"

Having suggested mind-created ideas in place of the Platonic, Barrow
still wrestled with the role of universals in science. He appeared wary of
universal ideas, whatever their source, and warned against setting up too
great a distance between the sensible and the intelligible. Taking geometry
as his example, he attributed its excellence to the accuracy of the per-
ceptions on which it was based, and urged mathematicians to keep par-
ticular geometrical objects before their eyes even as they reasoned on
geometrical ideas. The mathematical sciences were ones of “excellent

1 Jsaac Barrow, The Usefulness of Mathematical Learning Explained and Demon-
strated: Being Mathematical Lectures Read in the Publick Schools at the University of
Cambridge, tr. John Kirkby (London, 1734), 115, 69, 70, 115. These lectures, read by
Barrow between 1664 and 1666, were originally published in Latin in 1683 and reissucd
in 1684 and 1685.
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unit of length. Every student of arithmetic, however, knows that the units
of measurement must be the same for such additions to work. Barrow
admitted as much and used the admission to make his general points
that numbers did not stand for any particular bodies, that numbers were
relative, and that they were denominations assigned to quantities (such
as lines) according to human “Pleasure.” Thus he

remark[ed] that no Number of itself signifies any thing distinctly, or agrees to
any determinate Subject, or certainly denominates anything. For every Number
may with equal Right denominate any Quantity: and in like manner any Number
may be attributed to every Quantity. For instance, Any Line A may be indif-
ferently called One, Two, Three, Four, or any other Number . . . as it remains
undivided, may be cut into, or compounded of, two, three, four, or any other
Number of Parts. . .. Whence it appears that no Number can design any thing
certain and absolute, but may be applied to any Quantity at Pleasure. '*

Specifically, a line of two feet, referred to in Wallis’s example, may be
called one, if viewed as undivided; two, if divided into feet; twenty-four,
according to inches; and so on.

Denied a Platonic ideal basis and absolute sensible referents, then,
numbers became in Barrow’s philosophy mere “notes,” “signs,” or “sym-
bols™ expressing the various ways in which the human mind viewed
magnitude as either divided or undivided. “I say that a Mathematical
Number,” Barrow summarized,

. is only a kind of Note or Sign of Magnitude considered after a certain
Manner; viz. as we conceive it either as altogether incomplex, or as compounded
of certain homogeneous equal Parts. ... For in order to expound and declare
our Conception of a Magnitude, we design it by the Name or Character of a
certain Number, which consequently is nothing else but the Note or Symbol of
such Magnitude so taken.™

If arithmetic emerged subservient to geometry in Barrow’s scheme
of mathematics, algebra fared worse. Barrow generally ignored algebra
and, in his few references to the subject, refused to recognize it as a
science and presented it instead as an instrument of logic. In his discussion
of irrational numbers, for example, Barrow characterized algebra as “yet

- no Science.”?' Elsewhere he confused algebra with the method of
analysis. “I am wholly silent about that which is called Algebra or the

'* Ibid., 34-35.

*Ibid., 41. Barrow’s philosophy of arithmetic failed to cxplain the use of whole
numbers to count nongeometrical objects like men and angels. Therefore, he maintained
that there were two kinds of numbers: mathematical (the notes of magnitude, described
in the quoted passage) and “‘metaphysical” or *“transcendental” (which, although non-
mathematical, were prior and essential to mathematics, such as in the definition of a
triangle as a polygon with three sides) (Barrow, 38-39).

2 Barrow, 44,
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Analytic Art,” he commented, “. . . [b]ecause indeed Analysis . . . seems
to belong no more to Mathematics than to Physics, Ethics, or any other
Science. For this is only a Part or Species of Logic, . . . [and] an Instru-
ment subservient to the Mathematics. . . 7%

V. A serious, far-ranging British intellectual, Berkeley could hardly
have ignored the mathematical preoccupations of the seventeenth and
carly cighteenth centuries. As G. A. Johnston has already observed:
**Mathematical conceptions form[ed] the warp and woof of the thought
of the day; and Berkeley, like everybody else, was exposed to their
influence.”* Berkeley’s early mathematical publications and his Philo-
sophical Commentaries, which consisted of notes written in preparation
for An Essay towards A New Theory of Vision of 1709 and the Principles
of Human Knowledge of 1710, revealed specifically acquaintance with
the mathematical speculations of Wallis, Hobbes, and Barrow. For ex-
ample, in his early mathematical publications Berkeley mentioned three
of Wallis’s major mathematical books,>* In addition the Commentaries
acknowledged the controversy between Wallis and Hobbes and included
the young Berkeley’s note to inquire into that dispute when he “treat[ed]
of Mathematiques” (W.G.B. I, 99-100). Finally, multiple entries of the
Commentaries displayed Berkeley’s careful critical study of the mathe-

matical lectures which Barrow delivered at Cambridge between 1664 and
1666.%

Berkeley’s philosophy of mathematics began with rejection of uni-
versal abstract ideas, shared with Hobbes, and with rejection of matter
with an existence independent of mind. In his Principles of Human Knowil-
edge he attacked John Locke’s conceptualism, which held that the human
mind formed general ideas through abstraction from particulars, and

* Ibid., 28,

¥ Johnston, “The Influence of Mathematical Conceptions,” 178. For Johnston's
suggestion of a link between mathematics and Berkeley's “metaphysical theory of signs,”
see 179.

* George Berkeley, The Works of George Berkeley Bishop of Cloyne, ed. A. A. Luce
and T. E. Jessop (9 vols.; London, 1948-57), IV: 171, 213, 236 (hereafter abbreviated
as W.G.B.).

* Scholars have hitherto failed to fully appreciate the influence on Berkeley of Bar-
row’s general mathematical (as opposed to his geometrical and optical) lectures. But
entry 334, e.g., referring to “Barrow Lect™ (W.G.B. I, 40), is clearly Berkeley’s note to
see (probably reread ) Barrow's discussion of the certainty of mathematics notwithstanding
mathematical controversies (see Barrow, Usefulness of Mathematical Learning, 224-44).
Entries 384 and 462 state that “Barrow owns the Downfall of Geometry . . .” and that
“Barrows arguing against indivisibles, lect. I. p- 16 is a petitio principii . . .” (W.G.B.
1, 46, 57). Both entries capture the critical response of Berkeley, who supported indi-
visibles, to Lecture IX of Barrow’s mathematical lectures (see especially Barrow, Use-

Sulness of Mathematical Learning, 156, 153). ( Entry 462 refers to Barrow’s Lecture IX
as Lect. I, apparently because this was the first lecture read by Barrow in 1665.)







