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Even as late as the second half of the nineteenth century, there were very few professional math-
ematicians practising in Australia. Morris Birkbeck Pell arrived in New South Wales in 1852,
as one of the foundation professors at the University of Sydney [15, 22]. Shortly afterwards,
William Parkinson Wilson took up the corresponding post at the University of Melbourne [2].
In the mid-1870s, Pell was succeeded by Theodore Thomas Gurney [23] and Wilson by Edward
John Nanson [10]. At about the same time, Horace Lamb [19, 20] commenced his seven-year
stay at the University of Adelaide. The other Australian universities began their lives later
than this.

However, during the early years of this period, essentially the third quarter of the century,
the best-known of all Australian mathematicians was not associated with any university de-
partment. The honour most surely goes to James Cockle (1819-1895). From February 1863
until June 1878, Cockle was Chief Justice of the Colony of Queensland. His avocation however
was Mathematics. At the time of his appointment to the Queensland bench, he had already
published over 50 mathematical papers, and this activity continued unabated throughout his
15 years in the post. Some 35 papers appeared over his name during this time. Early in this
" period, in 1865, he was elected to a fellowship of the Royal Society.

He returned to England after his term of office, and drew a half-pay pension of £1250 per
annum from 1879 till his death in 1895 (this - very considerable - outlay apparently being “a
sore point with some colonists” [16]). In retirement he devoted his life to Mathematics, most
particularly the affairs of the London Mathematical Society, whose president he became for
two terms in 1886-1888. He was likewise an active member of the Royal Astronomical Society
(although never himself an astronomer) and of both the Manchester Literary and Philosophical
Society and the Cambridge Philosophical Society. He was knighted in 1869, although this
presumably recognised his legal career rather than his mathematical interests.

Thus it may be said that for the bulk of the quarter-century from 1850 to 1875, there were three
mathematicians, properly so called, resident in Australia: Pell, Wilson and Cockle. Of these,
Pell worked mainly in the areas of Demography and Actuarial Science, while Wilson became
increasingly concerned with Astronomy. Cockle’s interests remained firmly rooted in Pure
Mathematics. This focus, his steady flow of publications in British journals, and his continued
contacts with the Mother Country would all have combined to keep his name prominent in
mathematical circles in England. It would have been Cockle’s name rather than that of Pell
or of Wilson which would have come most readily to the mind of an English mathematician of
the time if asked to name a colleague from the Australian colonies.

According to the Royal Society’s Catalogue [21], Cockle produced in all over 120 papers as sole
author and a further two as co-author. The bulk of these were concerned either with the solution
of polynomial equations or else with ordinary differential equations. Beyond these there were
other less important contributions to such publications as the Lady’s and Gentleman’s Diaries.
(See [3].) On his return from Queensland, in retirement, he became active in committee work,
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most notably for the London Mathematical Society. On his death, obituaries appeared in the
Proceedings of the Royal Society [14], the London Mathematical Society [3] and the Manchester
Literary and Philosophical Society [13], and in the Monthly Notices of the Royal Astronomical
Society [4].

But all this having been said, it would appear that Cockle’s mathematical activities were best
expressed in his organisational work and in his expository writing. Very little of his research
writing has lasted, and it is doubtful if much of it had even contemporary impact. Cockle’s
work is, in large part, published in somewhat obscure places.

His work on algebraic equations has been summarised by Harley [14] in these words:
for many years his labours were inspired and directed by the hope of being able to ‘solve the
quintic’ ... Cockle considered [Abel’s argument that the task was impossible] with care, and
reproduced it as modified by Sir W. R. Hamilton ... [however he| for many years held to the
conviction that what had been done for the lower equations might also be done for the equation
of the fifth degree.”

One standard form for the quintic is z° — 5z + 4a = 0 and the fact that it can be expressed in
this simplified form is a result first widely publicised by Cockle’s somewhat older contemporary,
George Jerrard, but actually first discovered by Erland Bring (see [17, 18]). Two of Cockle’s
results on the quintic have endured and have influenced other researchers. The first is a means
of solution by means of differential equations. Consider the standard form above as an identity
implicitly defining a function z(a). By means of ingenious arguments, it is possible to establish a
differential equation for z(a) and to express the solutions in terms of hypergeometric functions.
For details, see [1] or the MATHEMATICA poster derived from it, where the technique is
attributed first to Cockle but with later elaborations by Harley.

Of Cockle’s two papers on the subject, the first [7] floats the general possibility of such an
approach. Here Cockle discusses not so much the quintic, as simpler cases: quadratic and
cubic. No general theory is given, but a number of ingenious ad hoc approaches are pressed
into service to obtain new derivations of standard results. Of more interest is the second [8],
which gives the outlines of a general theory, leading to what is now termed the “linear differential
resolvent”. For more detail, see the Appendix below, or the website [1] which however uses a
different standard form for the quintic and also employs different notation.

Cockle’s work inspired his friend Harley to investigate the issue further [12] and it is this paper
that more clearly sets out the nub of the matter. According to the Royal Society’s Catalogue,
Harley continued to work in the area for many years. It may however be remarked that the
explicit working out of this method is extremely tedious, and even with the help of a package
such as MATHEMATICA [1], not for the faint-hearted.

This investigation brings together Cockle’s principal interests: the solution of polynomial equa-
tions and the theory of ordinary differential equations. It may also illustrate another point
made by Harley and others [3, 14]: that Cockle’s work was essentially initiatory. “He started
theories, but left others to elaborate and perfect them. ... . He struck out ideas which have
taken root in other minds and borne fruit.”

Two other such cases are cited in his obituaries. The first is the other investigation of the

quintic [6]. This stimulated further work by Harley, with their joint efforts being summarised
by Cayley [5], who writes: “[Cockle and Harley] show that the solution of an equation of the
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fifth order may be made to depend on an equation of the sixth order, originating from, and
closely connected with, the resolvent-product equation of Lagrange, and of the 24th order but of
a far simpler form; this is the auxiliary equation referred to in the title of the present memoir”.

Of Cockle’s other researches into differential equations, one attracted attention from a contem-
porary better remembered today. A lengthy review paper by Forsyth [11] devotes a page to
Cockle’s work, again as elaborated by Harley. Forsyth gives no detailed references, but Cockle’s
paper would appear to be [9]. The basic idea is to take a linear differential equation for y(z)
and to transform it by setting y = uf(z) and = = ¢(z) and so seek to reduce the order by one.
Cockle did this for equations of the third order, and later in an unpublished letter to Harley
extended this to the fourth. In the extension he was, however, preceded by Laguerre, whose
work also rediscovered the simpler case, in apparent ignorance of Cockle’s priority. Again, from
the Royal Society’s Catalogue, Harley continued to work in this area for many years.

These three cases seem to account for all the effect Cockle’s work had on the Mathematics of
his day and subsequently. I incline to the view therefore that his output, considered as research
proper, was slight and mostly overlooked. Even his obituarists concede the point. Harley
writes: “Of his numerous papers given to the mathematical world, many are no doubt slight
and fragmentary”. Forsyth declined a request to summarise Cockle’s output, pleading pressure
of work [3]. The papers I have been able to see incline me to accept such judgements. However
he contributed to the mathematical life of his day, and we do well to remember him.

His Australian connection lives on. Brisbane Grammar School’s Cockle Prize for the greatest
proficiency in Mathematics was instituted and endowed by Cockle himself in 1875.
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Appendix

Because Cockle’s own accounts of the work on linear differential resolvents 7, 8] is fragmentary
and compressed, Harley’s [12] hard to come by, and the recent MATHEMATICA site [1] terse
to a fault, I thought to offer my own brief account of the underlying theory.

Consider the equation (in the complex domain)
" —nz+ (n—1)a=0. (1)

If 2 < n < 5, this represents the general equation of the relevant order, suitably transformed.
For n > 5, it is a subclass of the whole. If we consider the roots of this equation as functions
of the single parameter a, we may write z(a) for such a root, and substitute z = z(a) into
Equation (1) to produce an identity. This may now be differentiated n — 1 times with respect
to a to produce n — 1 further identities involving z(a) and its first n — 1 derivatives.

We have, from Equation (1),

nz" 'z’ (a) — na'(a) + (n — 1) = 0, (2)

Volume 29, Number 1 9




whence

and, differentiating again,

(o) = L (o) = LU @
and so on.
Next form the linear equation
A1(a)z™ V(@) + Az(a)z" 2 (a) + ... + An(a) 2(a) = A(a). (5)

The coefficient functions A;(a) and A(a) are to be polynomials in a, each of degree n — 1 or
less, and may be found by means of the following device.

From Equation (1),
o " —nw

1-n (6)

Substitute this into Equation (5), and into the candidate functions 4;(a) and A(a), which will
each contain powers of a multiplied by as yet undetermined coefficients. Clear the denominators.
The result will be a polynomial identity in z, whose separate powers are to be equated. The
effect is to determine the coefficients of A;(a) and A(a), with the exception of one which is
arbitrary.

We now have the linear differential equation (5), which may be solved to give the solution of
Equation (1). The case n = 2 provides the only illustration that does not drown in a morass
of detail. In this instance, we have

22 -2z +a=0,

so that
2z(a) 7' (a) — 22'(a) +1 =0,

and for future reference
2

a =2z -z
We now have z'(a) = 02 and so the differential equation (5) reads
1
(Ana = A12)2 o + (Agla + Agg) Tr = Al(l + AQ.

Substitute now for a and multiply throughout by 2 — 2z to produce a polynomial identity in
z. Equating like powers gives Aj; = —2 Agg, A1g = 2 Aoy, A1 =0, A; =0, Ay = Agy. Without
loss of generality, set Agy = 1.

The differential equation thus becomes
2(1—a)z'(a) + z(a) = 1.
Its solution, incorporating a branch-point induced by the singularity at a = 1, is
t=1++k(a—1).

Because z = 0 implies a = 0, we must have k = —1. The solution is now complete.
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Note added in Proof

After submission of this paper, Jim Cross drew to my attention a brief biography of Cockle in
the Supplement to the (UK) Dictionary of National Biography. The author is E. I. C. [Edward
Irving Carlyle]. This is to be replaced by an amended version in the New DNB due to be
published in 2004. The revision is in part the work of Tony Crilly, who has kindly sent me a
copy of his amendments. I thank Jim Cross for pointing out to me this further material, and
Tony Crilly for supplying the additional text. It is interesting to note that whereas Carlyle
saw Cockle’s mathematical work as more significant than his legal legacy, Crilly reverses this
judgement.

MathMedia
Amy Quan Barry, The New Yorker , 29 May 2000, p.70 is the author of the poem:

IF
dy 4a*+2*-12
dr ~ 222-9

THEN

The poem is of considerable literary merit and contains strong mathematical metaphors though
mathematics is not the theme of the poem.

However, the inevitable happened. A letter to the Editor published in the New Yorker on 5
July 2000 stated “The answer to the question implicit in the title of Amy Quan Barry’s poem

. is:
(822 + 3z + 72)v/2z2 — 9 39In(v2z + /222 - 9)
12 4v2

(plus a constant).

MathMedia

Michael Donaldson, “Lee Paying Huge Price for Overstepping Mark”, The Newcastle Herald
Monday December 17, 2001. ... In his first over after tea, Lee should have claimed another
wicket when Neil McKenzie gloved one to Gilchrist. But again a no-ball, his sixth of the innings,
cost him dearly. The Australians were gutted, but the warning signs have been there for all
to see. Lee, who takes wickets more regularly than nearly every other Australian bowler in
history, also bowls no-balls with alarming regularity. He takes a wicket once every 42 balls,
but since the start of this year’s Ashes series he has bowled a no-ball once every 18 balls. That
means, on average, that he takes a wicket off a no-ball once every 126 overs, or once every five
or six Tests.
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