PL. O, 20322
[

Elias Allen and the Role of Instruments in
Shaping the Mathematical Culture of
Seventeenth-Century England

ht
, d HESTER KATHARINE HIGTON
” CLARE COLLEGE
1S .
\A90
th
nt
T Dissertation submitted for the degree of Doctor of Philosophy
11 UNIVERSITY  OF CAmeRIDGE
y
d




B . |

Hester Katharine Higton |

Elias Allen and the Role of Instruments in shaping the
Mathematical Culture of Seventeenth-Century England

Elias Allen (¢.1588-1653) was known as the best mathematical instrument maker of his
day. He lived and worked in London, creating a thriving business - he was the first
English instrument maker to support himself solely through the production of
instruments - and teaching his skills to many apprentices who became the core of the
trade during the latter part of the century. My thesis provides a full biography of Allen,
set within the framework of the community of people who were in some way connected |
to mathematics.

The second part of the dissertation is devoted to the most important of Allen’s
instruments: the Gunter quadrant and Gunter sector, and various of William Oughtred’s
designs - the circles of proportion, the horizontal instrument and double horizontal dial,
and the universal equinoctial ring dial. These are described, their uses explained, and
used as the base for discussions of the ways in which instruments influenced and were
influenced by the development of mathematics. This section concludes with a catalogue
of all the Allen instruments in British museums.

As well as a comprehensive literature survey of the mathematical texts printed in
England during Allen’s lifetime, I have given considerable time to a ‘reading’ of the
instruments themselves - through study of the originals, through production of my own
versions, through reconstructions of the methods.of use, and, in the case of the sector,
through computer analysis of the accuracy in use.

The conclusion of my thesis is that the mathematical culture of seventeenth-
century England was far broader than that which is normally portrayed in histories of
mathematics, involving a wide range of people with very different backgrounds and
very different approaches to and understandings of mathematics. Above all, it is shown
to be rooted strongly in a geometrical interpretation of mathematics and one which is
inherently practical. In such a culture the role of instruments is fundamental and thus
instrument makers like Elias Allen have a place at the heart of the mathematical
community.
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Introduction

Wenceslaus Hollar is well known for his engravings of cities and towns, his
portraits of the members of the court and his copies of works by famous artists, both
earlier and contemporary.! Within this impressive portfolio there are two apparently
inconsequential portraits: one of an austerely dressed divine; the other of a mathematical
instrument maker in his workshop, surrounded by the tools of his trade.>2 One would
presume that both men were respected within their communities and moved among
relatively high social circles, since having one’s portrait painted was not an everyday
occurrence. The sitter for the former painting was the mathematician and cleric,
William Oughtred;? his name and major works would be familiar to most historians of
mathematics. The latter portrait* is a representation of the mathematical instrument
maker, Elias Allen; even his name fails to appear in any of the standard histories of
mathematics. Why is it the case that two men who seem to have had similar importance
within their own communities should have received such different treatment at the
hands of historians?

It could be argued that there were several instrument makers around in the
seventeenth century who could have filled Allen’s position and only one William
Oughtred. However, this is not the way that their contemporaries viewed the situation,
nor even Oughtred himself, as we can see from the introduction to his book, The New
Artificial Gauging Line or Rod. Here he first recounts that one of his friends spoke of
him as ‘utterly unknowne’> (this was as late as 1630, when Oughtred was fifty-five);

later he speaks of Allenas ‘a man well knowne and esteemed by all men of his art for

! Information on Wenceslaus Hollar has been taken from Katherine S. Van Eerde, Wenceslaus Hollar.
Delineator of His Time (Charlottesville, 1970) and Richard Pennington, A descriptive catalogue of the
eiched work of Wenceslaus Hollar (Cambridge, 1982).

2 Hollar also engraved the gunner and writer, Nathaniel Nye for the frontispiece of Nye’s The Art of
Gunnery (London, 1647). For more information on all these portraits see Appendix 1.

3 For a reproduction of this portrait see C.K. Aked, ‘William Oughtred - An Early Horological
Expositor’ in Antiquarian Horology, 13 (1981), p.193.

4 In fact an engraving by Hollar of an earlier painting by his friend and colleague, Hendrik van der
Borcht.

> Oughtred, The New Artificial Gauging Line or Rod (London, 1633), p.6.
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his skilfulness in making instruments in metal’ and mentions him ‘being in the
company of some gentlemen of good quality and worth’ as if this was not unusual for
the maker.¢ The latter comment occurs within a story telling how it was only through
Allen’s defence of Oughtred’s method of gauging against that of the well-respected
mathematicianand Gresham professor, Edmund Gunter, that the Company of Vintners
accepted Oughtred’s design for a gauging line. We are left with no doubt that Allen
possessed at least equal standing with Oughtred amongst his contemporaries.”

In his portrait Oughtred is shown carrying a book in his hand, but has no other
props; Allen, meanwhile, is surrounded .by a plethora of instruments, some complete
and some still in the process of manufacture - he has no book, no scroll, no
manuscript. The different accessories hint at the easiest ways to approach the two men:
Oughtred is accessible through his own writings and those of his contemporaries,
making him a relatively available subject for the scholar - it is hardly surprising to find
that his biography was written almost eighty years ago.® Allen wrote no books and the
only known example of his handwriting is a signature in the Clockmakers’ Company
records (plate 1). Some factual information is supplied by church registers, guild
records and contemporary mathematical texts. However, the main evidence for Allen’s
importance to the mathematical community rests in the instruments which have survived
to the present, examples of the very instruments which lie scattered on his bench in the
portrait.

It would seem reasonable to infer from the two portraits that seventeenth-
century mathematics was both a textually and an instrumentally based subject. Much
attention has been paid to the texts by historians of mathematics, but little to the
instruments. Nevertheless, these artefacts do not just have antiquarian value, but can,
through careful study, shed light on whole new aspects of seventeenth-century

mathematics which might never have occurred to the researcher otherwise. In the study

6 Tbid., p.10.

7 However, it is important to note the context within which this was written: Oughtred is unlikely to
have been known to the Vintner’s Company, whereas Gunter as a Gresham professor and Allen as an
instrument maker would have been. Oughtred was not a nonentity in terms of his mathematical
learning.

8 Florian Cajori, William Oughtred: A great seventeenth century teacher of mathematics (Chicago,
1916).




of material culture, the history of science in general still has much to learn, but the
situation in the history of mathematicsis worse than in any other area of the sciences. °
It has been all too easy to assume that mathematics was then, as now, primarily
concerned with ideas (although even in modern ‘pure mathematics’ this is not
necessarily true). That this was certainly not the case in seventeenth-century
mathematics, I hope to show in the following pages. Concentrating on ideas as most
important tears mathematics from its social and historical setting: we do not learn to
whom the ideas were important. [ hope to show that study of the instruments can yield
much information about the activities of the ‘mathematical community’, the types of
people who were involved and the ways in which they understood mathematics -
information which is not supplied by written texts because it was accepted as trivially
obvious or was a subconscious part of the seventeenth-century conception of
mathematics.

It is clear even from the mathematical books written during this period that
instruments played a very large part in the everyday practice of mathematics. Of over
one hundred and eighty texts published between 1590 and 1653, forty-five were
written primarily about an instrument or instruments, and numerous others make more
than passing reference to instruments. These are statistics which cannot be ignored.
They undeniably point to a society in which an instrumental approach to mathematics
was very widely accepted as the norm and few mathematicians worked exclusively in
the abstract. It is true that the seventeenth century was a time when there were various
heated discussions about the place of instruments within the teaching of mathematics
and within the practical aspects of the subject, but the very fact that these discussions

occurred at all is an indication of the importance of instruments.

In this dissertation my main concern is to paint as full a portrait of the

mathematical instrument maker Elias Allen as possible and to present a detailed

9 The standard histories of mathematics include Florian Cajori, A History of Mathematics (New York,
1919); Dirk J. Struik, A Concise History of Mathematics (second revised edition, New York, 1948);
J.F. Scott, A History of Mathematics. From Antiquity to the Beginning of the Nineteenth Century
(London, first edition 1958, second edition 1960, reprinted 1969); David M. Burton, The History of
Mathematics. An Introduction (Boston, 1985).




discussion of the types of instrument which he manufactured within his workshop.
However, I hope to use the central topic to raise some more general issues connected to
the history of mathematics, the way in which research in this field is conducted at
present and how it could be enriched for the future. I believe that there are various
ways in which study of an instrument maker is pertinent to wider questions in the
history of mathematics.

With an instrument maker it is perhaps more apparent (although no more true)
than with a ‘great mathematical thinker’ that it is important to think of the individual
with reference to the community within which he or she lived and worked. Allen was
the first identifiable English instrument maker to be able to support himself solely
through making and selling instruments. The reasons lying behind such success cannot
be found purely by study of the individual life but must be sought within the wider
community which affected the state of Allen’s trade. Thus it is immediately obvious
that a biography of Allen must be extended to consider the mathematical culture of
England, in particular that part of it centred in London.

Therefore, I will begin by setting the scene in the mathematical community of
the first half of the seventeenth century. By the term ‘mathematical community’ I wish
to imply that group of people who were connected with mathematical practices or study
inany way. Itis intended to be inclusive of practitioners such as surveyors, navigators
and astronomers; instructors in mathematics ranging from small-time teachers to the
Savilean professors; makers of mathematical instruments and booksellers who
published mathematical texts; and, besides these, the large number of amateur
mathematicians among the gentry and nobility, and those of these classes who
patronised the mathematical sciences. Of course, we must avoid viewing this
seventeenth-century ‘culture’ as a single, static entity. When [ speak of ‘the
mathematical culture of seventeenth-century England’ I do not wish to infer that this
was a single thing which remained unchanging throughout the hundred years. Clearly

it did not: each individual inhabited a slightly different world and had a slightly different

concept of ‘the mathematical’, and the main concerns of mathematics in 1700 were




decidedly altered from those of 1600. Nevertheless, individual people’s views of
mathematics did overlap to a great extent and it is due to this fact that this shifting and
many-faceted culture can be taken as a whole.

In discussion of the whole mathematical community, I hope that it will become
more obvious why it is important to study the development of mathematics as a
community discipline. Each branch of the community had its part to play and if one
branch of that community, or even (in some cases) one individual, was omitted the
whole structure of the community would be affected. In turn, the concerns of the
community affected the way in which individuals carried out their roles within the
group. Having considered the community as a whole I will turn to focus specifically
on Elias Allen. In presenting the details of his life, I will consider the part which the
mathematical community played in shaping his career and the ways in which he directed
those influences to his own ends. I will also use the events of his life to show the ways
in which an individual can partially remould the surrounding culture, and why it is that,
from certain viewpoints, makers like Allen are as important to the history of
mathematics as the Euclids and the Newtons, the Gausses and the Godels, despite their
apparent insignificance to the modern scholar.

Following on from the study of Allen himself, I will consider some of the major
categories of instruments which formed the base of Allen’s trade. At this point I will
develop the ways in which instruments can be used as a research resource in their own
right - how they can be ‘read’ as ‘texts’ - and how detailed analysis of individual pieces
can lead to a richer understanding of the mathematical culture of the time. Instruments
can often illuminate quite different areas from those which texts do: even those texts
which discuss the instruments themselves. Material artefacts can bring up issues which
are played down in the books on mathematics or which are simply not mentioned at all.
Therefore, in these chapters I hope to use the knowledge gained from the study of
specific instruments (supplemented by what information is available within the
literature) to point out various general characteristics of the seventeenth-century

mathematical culture and the role that instruments played within that culture. That is not

to say that I will ignore the texts: part of the ‘reading’ of instruments involves learning




how to think in the language of the culture in which the instruments are created, and
here we can be helped by studying the mathematical books produced. Thus research
employing instruments should be combined with what has been learned from primary
and secondary textual sources in order to provide a more rounded overall picture, a
‘thicker’ description. The section on Allen’s instruments will conclude with a catalogue
of the surviving examples held in museum collections in Britain.

With the role of the instruments more clearly defined, it will be easier to
comprehend the importance of the instrument maker to the whole, and to understand
why Elias Allen was as highly regarded as William Qughtred and why it may not be

such a surprise to find his likeness in Hollar’s portfolio.
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Plate 1: Elias Allen’s signature in the Court Minutes of the Clockmakers’ Company,
Guildhall Library MS 2710, vol.1, between f.18 and .19
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CHAPTER ONE

Elias Allen’s setting: the mathematical culture

History is primarily the study of people of the past but, more than this, it is the

i study of people within the context of a community. Thus it is important to give a
broad outline of the setting within which Allen’s life was played out, before the focus
| is narrowed to the individual. The function of the present chapter will be to provide
that setting. I have chosen to concentrate on the mathematical culture of which Allen
was a part, since it was within this area that his instruments would have had their
greatest impact, and therefore I will be concerned mainly with the people, the
institutions, the practices, the ideas, the books and the artefacts which were most
clearly involved in this field. |
One major way in to the world of seventeenth-century mathematics is through
the study of contemporary written texts although, as I have noted, we must be aware
of the fact that, by themselves, the texts will not provide the whole picture (or even,
necessarily, the greater part of it). In seeking to understand the nature of the
mathematical culture of the time, I undertook a literature survey, confining myself to
what could be defined as ‘mathematical’ texts (see below, for my criteria in defining
the limits of this survey). One obvious purpose was to search for references to Elias
Allen in order to establish who were his direct contacts within the community, who
recommended his work, and any incidental details of his life which arose from these
references, which could be used to flesh out what was already known. However, the
texts also lead to questions concerning the ways in which people approached

mathematics, teaching practices, the role of mathematical instruments in the culture,

the main areas of interest and so forth. The information gathered from these texts




reveals much about the sphere of ‘the mathematicals’ in this period.!

This chapter will present the reasoning used in selecting the books and the
ways the field was limited by subject and date; some general comments will be made
on the areas of interest which were brought to light through this survey, with some
statistical analysis of the data generated by my research; finally, I will highlight some
of the different areas of the mathematical community, as they are presented both in
the light of this study and also through the secondary literature covering this time. I
am very much aware that a great deal of scholarly work has been devoted to the study
of English mathematics and the mathematical community of London during this
period, beginning with Taylor’s invaluable (if persistently frustrating) Marhematical
Practitioners of Tudor and Stuart England,”> and that there is no value in a mere
regurgitation of these works. My aim is to provide a framework within which to place

Elias Allen.

The Printed Mathematical Texts of Seventeenth-Century England

In carrying out any literature survey it is clear that limits must be set; the
problem arises in determining how to establish those limits. I chose to restrict myself
roughly to the period of Elias Allen’s life? and to concentrate on books which could
be described as ‘mathematical’ in seventeenth-century terms. My referents for the
term ‘mathematical’ arose largely from the contemporary use of this adjective in
phrases such as ‘the mathematical sciences’, ‘mathematical practitioners’, and

‘mathematical instrument maker’. Thus I accepted the following as mathematical:

! This type of study is also affected by the contemporary culture of reading and the use of rhetoric in
writing. I have not discussed these two areas but there has been a good deal of recent literature on the
subjects. The former is dealt with in Roger Chartier, The Order of Books, translated by Lydia G.
Cochrane (Cambridge, 1994) and Adrian Johns, Wisdom in the concourse: natural philosophy and the
history of the book in Early Modern England (PhD thesis, Cambridge, 1992); the latter is approached
in Alan G. Gross, The Rhetoric of Science (Cambridge, Massachusetts, 1990), Marcello Pera &
William Shea (eds.), Persuading Science: the Art of Scientific Rhetoric (Canton, Massachusetts, 1991)
imd John C. Briggs, Francis Bacon and the Rhetoric of Nature (Cambridge Massachusetts, 1989).

~ Cambridge, 1954.

3 ¢.1588-1653.




arithmetic, geometry, algebra, trigonometry and logarithms among the more
theoretical aspects of mathematics; astronomy, navigation, surveying (both civil and
military), geography, gunnery, dialling, accounting/book-keeping, gauging, and other
forms of mensuration - these all fell within the field of practical mathematics; books
on instruments relating to any of the above subject areas; books on general
mathematics and on what could be described as ‘mathematical curiosities;’+ books of
mathematical tables (such as astronomical tables, tables of interest &c.). I chose to
ignore those natural philosophical books with no mathematical content (although
these were often written by people who were deeply involved in the mathematical
community) and astrology books which did not have a mathematical content. I also
avoided almanacs and similar publications: this was more due to the pragmatic
constraints of time than anything else - since thousands of almanacs were published
during the course of the seventeenth century it was simply impossible to include them
within the bounds of a much wider survey.”

My survey began by a search through the Short Title Catalogues of Pollard &
Redgrave and of Wing for all those titles likely to be related to ‘the mathematical’. 1
also added any which I discovered to be mathematical texts but with titles that did not
necessarily betray their content. I cannot claim to have produced an exhaustive list of
all the books written on mathematical subjects but I believe that [ have covered a very
high proportion of them.

My chronological limits were roughly defined by Elias Allen’s lifespan:
therefore, I concentrated on reading those books which were published between 1590
and 1653 inclusive. These books formed the core of my study: I also considered a

few of the major texts prior to this date which are recommended in contemporary

4 These latter including the ‘Think of a number...” style of conundrum.

3 Of course there is a great deal of information to be gained from almanacs which would be worth
extensive investigation. The best source for information on almanacs is Bernard Capp, Astrology and
the Popular Press. English Almanacs 1500 - 1800 (London, 1979). The information on almanacs with
Is incorporated in the graph of mathematical books published (see below) has been taken from the
‘Bibliography of English Almanacs’ in this book (pp.347-386).
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reading lists, because these clearly influenced mathematicians during the early

seventeenth century. Among these books were such staples as Recorde’s text books

on arithmetic, geometry and astronomy; Billingsley’s edition of Euclid, with the
famous Mathematicall Praeface of John Dee and Robert Norman’s The newe
attractive. At the other end of the period, I gathered a list of titles from Wing’s
catalogue for the years 1654 - 1700 so that some kind of idea could be formed of the
continuing trends in the development of the mathematical sciences and their
applications. This latter group must obviously be treated with some care since a title
does not necessarily reveal the contents of the book and no doubt I have

misappropriated some books and have omitted others which should have been

included.®

A preliminary discussion of the survey
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Figure 1: Mathematical texts produced between 1590 and 1699

61 used the British Library catalogue here, as well as the Wing catalogue, since the former supplies
longer titles than the latter.
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Over the 110-year period studied over four hundred and sixty new books on
mathematical subjects were published in Britain, all, bar a handful, in London. Of
these, approximately one hundred and eighty first appeared in Allen’s lifetime. It can
be seen from the accompanying graph that the number of mathematical books being
produced increased considerably in the second half of the century, but the fluctuations
are extensive and the peak came with the surge in popularity of the mathematical
sciences and natural philosophy around the time of the foundation of the Royal
Society. It is unsurprising to find that the years of the Civil War were a lean time for
the mathematical book trade. The figures also reflect a growing number of books
coming off the presses in general: according to Hirst “By 1640 most provincial towns
had a bookseller, often more than one. The number of works printed annually in

England between 1600 and 1640 rose from 259 to 277; thereafter it soared.””

In subjecting the books from the first half of the century to more detailed
statistical analysis I asked various questions. The main ones were:
(1) What is the main focus of this book?

(2) What aspects of mathematical theory are expounded?

7 Derek Hirst, Authority and Confflict. England 1603 - 1658 (London, 1986), p.95. Figures can be
obtained for the total number of books published before 1640 by summing the lists in the
Chronological Index of Pollard & Redgrave. However, there is no such index in Wing; in order to give
some rough idea of numbers I have taken the number of books in the British Library catalogue (CD-
ROM version) which were published in London, Edinburgh, Oxford and Cambridge (the four main
publishing cities in Britain in the seventeenth century). The results are displayed in the table below.
[STC = Pollard and Redgrave, Short Title Catalogue , BL = British Library catalogue]

Years | 1590- | 1595- | 1600- | 1605- | 1610- | 1615- | 1620- | 1625- | 1630- | 1635-
1594 1599 1604 1609 1614 1619 1624 1629 1634 1639
STC 1420 1540 1829 2116 2247 2515 2979 2648 | 3263 3153
BL 688 721 827 1029 1035 1006 1158 1094 1306 1407
Years 1640-44 1645-49 1650-54 1655-59 1660-64 1665-69
BL 5970 5518 3563 3752 3780 1717
 Years 1670-74 1675-79 1780-84 1685-89 1690-94 1695-99
BL 2597 3084 5087 4042 3956 3782
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(3) What areas of practical mathematics are included in this book?

12

(4) What was the intended readership of the book?8
(5) If the book was written after 1614 (the year of publication of Napier’s
Mirifici Logarithmorum Canonis descriptio), does it make mention of

logarithms?

(6) How many editions did the book have?

(7) Does the book refer to Elias Allen at any point?
The answers to these questions were used to develop a broad sense of the trends in
and the structure of the mathematical culture of the period, insofar as these are
revealed within the printed texts. Some of the results were expected; some confirmed
standard interpretations of mathematics at this time; some were very surprising
indeed.

Turning first to the question of the main focus of the books we find that nearly
a quarter (24%) of them are devoted to mathematical instruments in some way. The
other major areas of interest seem to have been navigation (11%), arithmetic (10%),
astronomy (7%), dialling (6%) and trigonometry (5%). Those which are mainly
concerned with mathematical theory, with little application to practical mathematics,
amount to less than a sixth (15%) of the total. There is a very clear emphasis on the
practical aspects of mathematics and on the use of mathematical instruments, and it is
interesting to draw this from a literature survey, where one might expect ideas to
dominate.

The results from the question concerning the theoretical content of the book
are even more striking. Eighty-three of the books do not address mathematical theory
to a great extent at all. Of these, over a quarter are books about instruments and one

fifth are books on navigation; most of the tables of interest fall into this category as

8 The answer to this question was mainly drawn from material in the prefaces and title-pages of the
books studied. This is, of course, something of a simplification: the implied readership, even if clearly
stated, is not necessarily the intended readership which in turn does not always coincide with the actual
readership.




well. Among the remaining books the subjects of geometry, trigonometry, arithmetic

~ and logarithms are fairly evenly spread (thirty-nine texts, thirty-one, thirty-four and

twenty-eight respectively); algebraic theory is discussed in just six books. This is a

- great contrast to the presentation of the seventeenth century in most histories of

mathematics as the era of the emergence and triumph of algebra. While it is true that
algebras slowly became more popular during the latter half of the century, before
1653 Thomas Harriot’s Artis Analyticae Praxis was the only book printed in Britain
dedicated solely to the discussion of this branch of mathematics. The dominance of
geometry (both theoretical and practical) is very clear indeed, particularly when
trigonometry is considered as a subsection of geometry. This dominance will be a
constantly recurring theme throughout the course of my thesis, since it is a central
feature of the mathematical culture of this period and must therefore be
acknowledged as such and not played down.

The answer to the question ‘What areas of practical mathematics are included
in this book?’ reveals the following information: the most popular area of interest
(among writers of mathematical texts at least) appears to have been astronomy
(covered in nearly a third of the books). Navigation also figures largely (almost a
quarter), as do dialling, surveying and accounting (15%, 15% and 12% respectively),
and it is interesting to see that the order astronomy, navigation, surveying, follows the
history of the introduction of mathematical techniques and instruments to these areas
- astronomy earliest, navigation second and surveying bringing up the rear.

It is not always easy to be certain about the intended readership of a book,
although explicit indications are sometimes given in titles and prefaces, while the
content of the text is often a clue in other cases. The most frequently recurring
categories are navigators, surveyors and gentlemen: the targeting of navigators and
surveyors is unsurprising, given the large numbers of texts dealing with navigation

and surveying, but the assumed audience among the gentry and nobility is notable. It

is perhaps indicative of an increasing interest in mathematics observed among the




gentry at this time; this is a subject to which I will return at various points in my
discussion.

The data obtained from answering questions (5) and (6) can be dealt with
swiftly. Thirty-nine out of one hundred and nineteen books published after 1614
make use of logarithms, thus demonstrating the significant effect which this
innovation had on the mathematical_ community in the years immediately following
their inception (see also Figure 2, page 45). In assessing the popularity of the books
according to the number of reprints or editions which they had, fairly clear trends are
discovered. Most books appeared only in one or two editions but there were others
which were reprinted or even republished time after time. The two categories most
often represented here are books on navigation and arithmetics. As an extreme
example, both Richard Norwood’s The Sea-Mans Practice (1637) and Edmund
Wingate’s Arithmetique made easie (1630) (which includes a large section on the use
of logarithms and the application of the logarithmic rule) were issued at least twenty
times and did not disappear from the booksellers’ shelves until the middle of the
eighteenth century.

A striking number of books mention Elias Allen. Of some hundred texts
published before his death, nineteen make reference to Allen, more than twice as
many as mention John Thompson, the most prominent of the instrument makers
working in wood at this time.® Other instrument makers appear in one or two books,
but no more. There is therefore clear evidence from the printed mathematical texts of
the period that Allen was seen as the pre-eminent maker, at least among the book-

writing section of the community.

There were two further exercises which I took up in the conclusion of this
statistical analysis. One was to construct a table (see following page) summarising

the connections between the mathematical theory covered in a book and the areas of

? There are also twelve advertisements for Allen in the almanacs of the period (see Appendix 3).
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practical mathematics which were also addressed. Unsurprisingly, arithmetic finds its
most common application in accounting and book-keeping; trigonometry is most
often used in navigation and astronomy; algebra hardly finds any application in
practical mathematics at all. Geometry dominates (especially when trigonometry is

incorporated within it) and is clearly the most important part of mathematical theory

when related to applications (apart from in accountancy).

Theory None  Arithmetic Geometry Trigonometry — Logarithms  Algebra

Application

12 13 10
17 16 10
17 4
8 5
8

Navigation 22
Astronomy 27
Surveying 13
Dialling 13
Geography
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Accounting
Gunnery
Ship-building

Cosmography
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Military
Order
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Music
Optics
Architecture
Statics

Mechanics
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W A = =

Time—keeping
None 10 4 T 8 4

The second exercise was to total the books over five year periods from 1590

through to 1699. This included looking at the major subject categories separately -

Instruments, astronomy, navigation, surveying, dialling, gauging, tables of interest,
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arithmetic, geometry, trigonometry, logarithms and algebra (see Figure 2, page 45). 10
It is immediately clear that books on instruments retained their appeal
throughout the century, as, to a lesser extent, did those concerning navigation.
Arithmetics made more impact in the second half of the century, when they were
produced in large numbers. There was also a growth in interest in algebras after
1660. Dialling attracted significantly more interest in the second half of the century
with around fifteen books being produced after 1650 as compared to six before this
date. It appears that surveying and gauging as well became more popular towards the
end of the century. On the other hand, logarithms featured prominently in the twenty
years following the announcement of their discovery by John Napier, but after this
they apparently ceased to be of interest. In a similar fad, tables of interest and
conversion came off the presses in fairly substantial numbers through the middle of

the century but were no longer being produced in any quantity by 1680.

Using texts to explore the mathematical culture

Having subjected the mathematical texts to some fairly detailed statistical
analysis it is time to turn our attention to the community which created them. For it
goes without saying that these books did not exist in isolation: they were written by
particular individuals, for the edification of many different people, within the context
of a broad group of scholars and craftsmen, gentlemen and traders, all of whom could
be described in one way or another as playing out significant roles in the
mathematical culture. The authors of the books which I have surveyed came from

many different backgrounds, but all were bound together by the common interest in

107t must be stressed that the allocations for books published after 1653 may not be accurate, since
they were made on the basis of the short titles and nothing else; this also explains the increase in
numbers for the category “Other” in the second half of the century - books I was unsure about were
simply relegated to this category along with the subjects which did not figure prominently in the
survey as a whole.




17

things mathematical. The complex structure forming the mathematical culture of
seventeenth-century England can be divided, to a certain extent, into subsets, as long
as it is acknowledged that the boundaries are extremely vague. My concern is simply

to describe the setting for the study of Elias Allen by sketching out the staging, props

. and cast of the drama in which he has a central role.

[ have taken five broad categories of authors of the mathematical texts. There
are what might be termed the ‘academic mathematicians’ - the men who had a
university training and who devoted a large proportion of their time to the study of
mathematical theory. There are also mathematical teachers - the numerous
mathematicians who drew most of their income from private tuition in mathematics.
Then there are the mathematical practitioners - the surveyors, navigators, gunners and
others, who used mathematics in practising their various professions. Another subset
is made up of the gentleman amateurs who pursued an interest in rﬁathematics, but
who did not depend upon it for a living. The makers of mathematical instruments
form a natural fifth group.

The scene of our play is essentially London. Although other towns and cities
may have a part in this narrative, I believe that it must be made clear from the
beginning that the hub of the mathematical culture of this period was the capital city.
The role of the universities in seventeenth-century English mathematics has been
discussed extensively in recent years and Mordecai Feingold’s The Mathematician’s
Apprenticeship presents a good deal of evidence to counteract the perceived dearth of
mathematical teaching at Oxford and Cambridge.!! Nevertheless, it cannot be denied
that the vast majority of mathematical learning and practice was centred in London,
and it should become clear that this spatial compactness of the mathematical
community had a very important effect on the way in which mathematics developed

in England over this period.

11 Cambridge, 1984. For other discussions of the place of science and mathematics in the universities <
of this period see Robert G. Frank, Jr., ‘Science, Medicine and the Universities of Early Modern
England’ in History of Science, xi (1973), pp.194-216 & pp.239-269, and Mark H. Curtis, Oxford and
Cambridge in Transition 1558-1642 (Oxford, 1959), pp.227-260.
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The ‘academic mathematicians’

L et us begin with the ‘academic mathematicians’. This is the group which has
been accorded the most time and discussion in previous research and which figures
most prominently in the standard histories of mathematics. John Napier, Henry
Briggs, William Oughtred, Edmund Gunter, Sir Henry Savile, Thomas Hariot - their
names are well known to most people who have more than a passing interest in the
history of mathematics. These were the university-educated who devoted much of
their energy to the pursuit of mathematical theory and who held the few chairs in
mathematical subjects which were available at this time. They were the most
dispersed set geographically, as few of them lived permanently or for prolonged
periods in London - Napier rarely left Scotland; Oughtred’s home was Albury
parsonage in Surrey - and the university towns (particularly Oxford) figured to some
extent in their later careers. Yet it was Gresham College in London which became
their centre of gravity; perhaps because it was the long-time residence of Henry
Briggs, a central figure in this set.

Gresham College was the brainchild of the Elizabethan financier, Sir Thomas
Gresham, adviser to the Queen and founder of the Royal Exchange. Gresham
believed that London needed an educational establishment which would satisfy the
requirements of the merchant class of the city. His thoughts were not purely those of
a wealthy philanthropist, wishing to facilitate the instruction of the masses; nor did he
intend to create a university of London in conflict with the ancient seats of learning at
Oxford and Cambridge (although the two universities did partially view the new
college as a rival). Realising the need for England to develop and rely upon its own
resources, and taking the view that economic security could not be established
without widespread education, he made provision in his will for the foundation of a
college which might provide the necessary environment for trade and commerce to

flourish.
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Although Gresham died in 1579, for various reasons!? the college was not
established until 1597 and although professors were appointed at that time, the
lectures did not immediately begin in any coherent form. Gresham had made
provision for seven chairs - one each in medicine, law, rhetoric, divinity, astronomy,
geometry and music - and lectures were to be given twice weekly, once in Latin and
once in English. The stipend of each professor was to be fifty pounds per annum.

Thus Gresham College was the first institution in England to provide
professorships in mathematics. The nature of the lectures which the professors were
required to give was fairly strictly regulated by the constitution of the college and it is
immediately obvious that the committee had the needs of a practical community in
mind when they drew up the ordinances relating to the lectures in astronomy and
geometry:

‘Touching the matter of the said solemn lectures, the geometriciah is to read
as followeth, viz. every Trinity term arithmetique, in Michaelmas and Hilary
terms theorical geometry, in Easter term practical geometry [i.e. surveying].
The astronomy reader is to read in his solemn lectures, first the principles of
the sphere, and the theoriques of the planets, and the use of the astrolabe and
the staf, and other common instruments for the capacity of mariners; which
being read and opened, he shall apply them to use, by reading geography and
the art of navigation in some one term of the year.’!3
Edward Brerewood was chosen as the first professor of astronomy; his counterpart in
geometry was Henry Briggs. The former appears to have made very little impact
within the mathematical community but the latter took a major part in the affairs of

mathematical London.

12 The main ones being the residence of his wife, until her death, in the building designated for the new
fg)llege, and the internal wranglings of the Mercers” Company.
° Ward, The Lives of the Professors of Gresham College (London, 1740), viii.
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Briggs was not a prolific writer, his only published work being a posthumous
table of logarithms,!# but he had an extensive network of contacts which drew
together most of the ‘academic mathematicians’ who were his contemporaries. He
held office at Gresham College for twenty-five years, before taking up the newly-
created Savilean Chair of Geometry at Oxford, and during this time his rooms in
Gresham became a centre for discussion and correspondence. He had contact with
Napier also, and was so impressed by the latter’s work on logarithms that he made the
long journey to Scotland in order to learn more. He was a mentor of Edmund Gunter,
pressing the young mathematician’s suit when the Gresham astronomy chair became
vacant after Brerewood’s death, and finally securing it for him after the incumbency
of Thomas Williams. Briggs also had extensive correspondence with William
Oughtred and it was through him that Oughtred first made acquaintance with Gunter.

After Briggs’ departure for Oxford in 1619, the centre for discussion moved to
the astronomy professor’s rooms where Edmund Gunter had recently taken up
residence. The focus of activity remained here when Henry Gellibrand succeeded
Gunter and was in turn followed by Samuel Foster in 1636. The latter vacated his
post the following year (according to Ward, he was ejected for failing to kneel at
communion) but was reinstated in 1641 and his time in office, as described by
Adamson, was perhaps the heyday of mathematics and natural philosophy at Gresham
College:

‘[Foster’s rooms were a] haven for scientists of all parties and a centre of
instruction and discussion for all who cared to attend and Professor Taylor has
asserted that “...it was in Foster’s chamber that Royalist mathematicians and
scientists expelled from the universities used to meet after his lectures to

discuss new instruments, new experiments and hypotheses...”.”15

L Henry Briggs, Logarithmicall Arithmetike. Or Tables of Logarithmes...with a plaine description of
their use in Arithmetike, Geometrie, Geographie, Astronomie, Navigation, &c. (London, 1631).

> Adamson, The Foundation and Early History of Gresham College London, 1596 - 1704 (PhD
Thesis, Cambridge, 1976). Unfortunately the more accessible ‘The Royal Society and Gresham
College 1660-1711° by Adamson in Notes and Records of the Royal Society of London, 33 (1978-79),
PP.1-21, does not deal with the period under consideration here.
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After Foster’s death the influence of Gresham declined. Adamson has shown
that the standard of the teaching suppliéd by the Gresham lectures (when they |

happened at all) was very much a hit-and-miss affair. The professors had learnt early ;

on that the supervisory committee of the College had very little power to enforce the

rules governing the teaching offices, and so it was purely due to the dedication of

some of the early holders of the geometry and astronomy chairs that the College
became such a centre for London’s mathematicians. Once the mathematical
professorships of Oxford and Cambridge were created, !¢ the chairs of Gresham lost
much of their appeal and tended to be occupied by less eminent scholars. An
important result of the movement of the centre of gravity towards Oxford was that the
close contact with the world of practical mathematics (so prevalent in London) was
eroded for a time, the links only being firmly re-established with the creation of the
Royal Observatory at Greenwich in 1675.

Whilst it might be expected that these ‘academic mathematicians’ would be
the ones who would have least to do with practical mathematics, with mathematical
instruments and with their makers, this is not found to be the case for most of the
individuals in the group. John Napier, although better known for his work on
logarithms, at an earlier stage in his attempts to find easier calculating techniques
developed the counting rods which still bear his name - Napier’s bones - and which
were popular in the seventeenth century as one of the best means for simplifying the
processes of arithmetic. Thomas Hariot was an astronomer of note, dedicating much
time to the development of the telescope and to the discussion of observations made
with navigational instruments such as the cross-staff. Briggs collaborated with

Edward Wright at great length to produce more accurate observational tables for the

second edition of the latter’s Certain Errors in Navigation. Edmund Gunter was a
prolific designer of instruments for use in mathematical calculation and navigation:

he is famous for his sector, his quadrant and his rule, the last being the first device to

16 The Savilean chairs in Oxford in 1619, the Lucasian chair of mathematics in Cambridge in 1663.
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incorporate the new logarithmical methods of computation. Henry Gellibrand

~ devoted much time to dealing with the problem of magnetic variation of the compass

which had plagued navigators for so long; it was he who first drew attention to the
fact that the variation was not only affected by position but had a secular element as
well.!7 He is remembered by Aubrey for a ‘fine sundial’.!® The same author’s very
brief note on Foster is largely concerned with dialling, for which skill Foster was
apparently widely known. Aubrey remarks that Foster
‘was professor at Gresham College, London: where, in his lodging, on the
wall in his chamber, is, of his own hand drawing, the best sundial I do verily
believe in the whole world. Among other things it shows you what o’clock
tis at Jerusalem, Gran Cairo etc. It is drawn very skilfully.’!®
William Oughtred, while having his main research interests in algebra, nevertheless
found time to develop several instruments, which became popular largely through his
friendship with Elias Allen: these were the circles of proportion (for logarithmic and
other calculations), the horizontal instrument and double horizontal dial and the
universal equinoctial ring dial.

With such a great interest in practical mathematics and in mathematical
instruments, one begins to wonder whether there were any members of the
mathematical community who were averse to the use of instruments and who might
look down on those who devoted time to developing instrumental techniques. The
importance of instruments even to the learned section of the community certainly fits
with the information gathered from the study of the mathematical texts - a significant
proportion of the books written by this group of people were actually related to the

instruments which they had designed, rather than to the more theoretical aspects of

17 Evidence for secular variation had first been provided by Gunter when he repeated the experiments
of Edward Borough at Limehouse. However, it is unclear whether Gunter was aware of the
significance of the differences in values or whether he simply assumed that Borough’s measurements
were wrong. See De Sectore et Radio (London, 1623), p.66.

18 John Aubrey, Brief Lives , ed. Richard Barber (Woodbridge, 1982), p.117.

P 1bid., p.114.
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mathematics. Indeed it comes as something of a surprise to find that anyone might be
condemned for trifling with instruments, and perhaps we can see Aubrey’s account of
Gunter’s encounter with Sir Henry Savile in a new light.
‘[Savile] sent for Mr Gunter from London, (being of Oxford University) to
have been his professor of Geometry: so he came and brought with him his
sector and quadrant, and fell to resolving of triangles and doing a great many
fine things. Said the grave knight, “Do you call this reading of Geometry?

"’

This is showing of tricks, man!” and so dismissed him with scorn, and sent for
Briggs from Cambridge.’ 20
Presumably Briggs was more circumspect than Gunter in his advocacy of instruments

and practical geometry. At any rate, he was granted the post and Gunter was not.

The books of Gunter and Oughtred bear witness to a fairly close relationship
between Elias Allen and both these men. Allen certainly provided the frontispiece for
Gunter’s work on the sector - the engraving is identical to that found on many of
Allen’s Gunter sectors. He was also a provider of Gunter quadrants and it seems that
Gunter’s instrument designs generally found a faithful realisation in the maker’s
workshop. The relationship with Oughtred was even closer: Oughtred often referred
to Allen as his friend and the various instruments which the mathematician had
created were presented to a wider public partly in order to increase trade for the
instrument maker. Oughtred used Allen’s workshop as a point for depositing and
collecting mail, and the proximity of Allen’s premises to Arundel House (Oughtred’s
London residence, by virtue of his position as William Howard’s tutor) would have

enabled a ready interaction between the two. It has already been noted that Oughtred

—

9 s

& Ibid., P.279. Aubrey’s accounts must, of course, be taken with a certain amount of circumspection:
for reference to this anecdote see Willmoth, Sir Jonas Moore (Woodbridge, 1993), p.3 and Stephen
Johnston ‘Mathematical Practitioners and Instruments in Elizabethan England’ in Annals of Science,
48 (1991), pp.342-3 and note 88.
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was prepared to accept suggested alterations to instrument designs from Allen.?!
Thus we find Allen firmly linked to the higher ranks of the mathematical community,
despite his position as a craftsman. The relationship was not simply one of the artisan
fulfilling the commissions of scholars (although that he did this is witnessed by the
instruments produced for the Savilean professor of astronomy, John Greaves); Allen

was respected as a man whose opinion was worthy of attention.

The mathematical teachers in London

In the list of authors drawn up from the literature survey, it is in fact not the
‘academic mathematicians’ but those whom I have termed the ‘mathematical
teachers’ who dominate. This is hardly surprising when the needs of this section of
the community are considered. Writing and publishing textbooks would have
provided them with an easy way to supplement their unstable income. The types of
book which they wrote are also a reflection of their role: they were the most prolific
authors of arithmetics and geometry primers, and they produced numerous books on
instruments, in which they generally advertised their willingness to instruct the
readers further if the latter were prepared to repair to such and such an address for
tuition. Seth Partridge’s self-praise is typical: he declares himself capable of offering
instruction in arithmetic (whole numbers and fractions, decimals, roots, astronomical
fractions, algebra, arithmetical rods [i.e. Napier’s bones] and the arithmetical jewel of
William Pratt), geometry (principles, gauging, surveying, use of the plane table,
circumferentor, theodolite, circular scale, quadrant, semicircle, peractor, sector,
circles of proportion and Wingate’s lines of proportion), trigonometry (use of
logarithmic trigonometric tables, measuring of heights etc., doctrine of triangles),

navigation (including the use of instruments, maps and charts), cosmography (use of

21 The relationship between Oughtred and Allen is described at greater length in the following chapter.
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globes, the armillary sphere, the astrolabe and Blagrave’s mathematical jewel) and
dialling (both fixed and instrumental).>>

Despite the number of books which this section of the community produced,
they are one of the most elusive subsets of the mathematical culture. Little can be
drawn out of their books about their backgrounds or their means of support, beyond
their self-identification on title pages as teachers or professors of mathematics, or as
‘mathematical practitioners’. They are not often mentioned in contemporary
anecdotal sources nor in institutional records. Nevertheless, there is sufficient
evidence in the contemporary literature and more recent historical studies to be able
to make some general remarks about them as a group and about the different ways in
which their activities as teachers of mathematics were viewed by those around them.

The demand for mathematical education was of relatively recent origin. The
great champion of the importance of mathematics to trade, navigatioﬁ, surveying and
other pursuits had been the astrologer, alchemist and mathematician, John Dee. His
vociferous support for all things mathematical had raised the awareness of the upper
classes at least to the utility of mathematics for performing everyday tasks such as
regulating accounts.??> Meanwhile English naval expansion increased the number of
people requiring instruction in mathematical navigation. It was to meet the needs of
such clients that the mathematical teachers began to proliferate in London towards the
end of the sixteenth century.

Of course the Gresham lectures were available as sources of mathematical
tuition for any who wished to attend. However, the professors could not always be
relied upon to appear at the scheduled time and there were many who either did not
wish to stoop to attending public lectures or who valued the individual attention
obtained through private tuition. Those who had the money to pay a private

mathematics teacher ran the risk of receiving a far less adequate knowledge of

;‘2 Seth Partridge, Rabdologia: or The Art of numbring by Rods (London, 1648), final page.
= See Dee’s Mathematicall Praeface to the Elements of Geometrie of Euclid of Megara, published in
Henry Billingsley’s 1570 edition of Euclid.
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mathematics than they would have obtained through the lectures, but they also placed
~ themselves in an environment where they were readily able to question and to raise
points which they did not understand. One-to-one discussion also made teaching the
use of instruments much easier, and such tuition often featured prominently in the
advertisements of the ‘professors of mathematics’.

Nevertheless, the private teaching of mathematics was clearly not a lucrative
business since most of the men offering their services in such a capacity derived some
part of their livelihood from other sources. It has already been observed that many
published books on mathematics; they also pursued other professions to supplement
these supplies. Thus Thomas Bretnor practised as a physician and wrote almanacs;
John Tapp was a bookseller for many years; Ralph Handson held the office of auditor
for casting up the accounts of the Court of Chancery; Charles Saltonstall became a
mathematics teacher only after an active life as a captain in the merchant navy;
William Leybourne began life as a printer, before turning his hand increasingly to
mathematics; many also undertook work as surveyors.

The standard of tuition also varied enormously and this is reflected in the
remarks made by their contemporaries. According to Taylor,

‘A glowing account was given by an almanack-maker, G. Gilden, of the
position of practical mathematics in London in 1616. “Never were there
better or nearer helps to attain [mathematical knowledge] than at this present,
in this City”, he declared, pointing out that excellent text-books, methodical
instruction by learned professors, and exact instruments were at everyone’s
disposal.’>4
Apparently this was a great change from the situation twenty years previously when
William Barlow had lamented the lack of decent teachers of mathematics. His
astonishment in finding one good teacher (John Godwyn) led him to praise this man

at great length:

5
i Taylor, Mathematical Practitioners , p.58.




27

‘A man vnskilfull in the Lattin tongue, yet hauing proper knowledge in
Arithmetike, and Land-measuring, in the vse of the Globe, and sundry other
Instruments: And hath obteined, partly by his owne industrie, and by reading
of English writers (whereof there are many very good) and partly with
conference with learned men, (of which hee is passing desirous) such ready
knowledge and dexteritie of teaching and practising the groundes of those
Artes, as (giuing him but his due) I haue not beene acquainted with his like. 1
And great pitie it is that in so populous a place, many such were not employed }
[my italics]:’>3 }
Gilden’s sanguine view of the state of mathematics teaching was not shared
by the scholar, Sir Francis Kynaston. Although prepared to admit that there were
indeed many teachers available in London and that some at least were worthy of their
profession, he was alarmed by the variability in competence of .these teachers,
remarking that

‘diverse strangers professe to teach sundry, or rather all the liberall arts and

sciences of which many have been found to be upon examination, and triall
egregiously ignorant, whereby our youth loose both their tyme, and money:’2¢
Kynaston was also of the opinion that too many of these professors of mathematics :
taught their pupils ‘rather for gain then any other respect:’.2’ 1
Opinion was not only divided as to the standard of the teaching offered by the ‘
professors of mathematics: the manner in which they proceeded in their teaching was |
a subject which was much discussed and argued over. Here the main issue was
whether instruments should form a part of the didactic process or not. Some of the
more theoretically-minded mathematicians and scholars felt that introducing
instruments too early in the education of an untrained mind would distract attention

from the theoretical aspects of mathematics. They believed that teachers of

35 William Barlowe, The Navigators Svpply (London, 1597), sig.K2 recto-verso.
f] Sir Francis Kynaston, The Constitutions of the Museum Minerve (London, 1636), sig.g91 verso.
=/ Ibid.
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mathematics should provide a sound grounding in mathematical theory before ever an
instrument was shown to the scholar and that any teacher who ordered his curriculum
differently was undermining the proper approach to mathematics. This view is
clearly seen in the Dedicatory Epistle of Oughtred’s Circles of Proportion, where he
states categorically

“That the true way of Art is not by Instruments, but by Demonstration: and

that it is a preposterous course of vulgar Teachers, to begin with Instruments,

and not with the Sciences, and so in-stead of Artists, to make their Scholers

only doers of tricks, and as it were Iuglers: to the despite of Art, losse of

precious time, and betraying of willing and industrious wits, vnto ignorance,

and idleness. That the vse of Instruments is indeed excellent, if a man be an

Artist: but contemptible, being set and opposed to the Art.’28

This criticism was probably largely directed at Richard Delafnain who had

recently crossed swords with Oughtred in a priority dispute concerning the authorship
of various instruments.?? Delamain certainly treated the passage as a personal attack
responding vehemently and at great length. He took exception to being called a
vulgar teacher and a doer of tricks and pointed out that this reflected extremely badly
on those members of the gentry and nobility who made use of private tutors.3°
Delamain argued for his position by saying that many who took an interest in
mathematics would be daunted by too much theory at an early stage and that
instruments were useful aids for introducing mathematical principles:

‘And me thinkes in this queasy age, all helpes may bee used to procure a

stomacke, all bates and invitations to the declining studie of so noble a

Science, rather then by rigid Method and generall Lawes to scarre men away.

All are not of like disposition, neither all (as was sayd before) propose the

same end, some resolve to wade, others to put a finger in onely, or wet a hand:

$3 Wllllam Oughtred, The Circles of Proportion... (London, 1632), sig.A3 verso.
2 See Chapters Two and Five for discussion of this dispute.
See Richard Delamain, Grammelogia, or the Mathematicall Ring (London, 1633), sig.A7 verso.
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now thus to tye them to an obscure and Theoricall forme of teaching, is to
crop their hope, even in the very bud, and tends to the frustrating of the
profitable uses, which they now know, and put to service, and to the hindering
of them in their further search, in the Theoricall part, which otherwise they
would apply themselves unto: being catched now by the sweet of this
Instrumentall bate; which debarring would not onely injure the Studeous but
also cause the Mechanicke workemen of these Instruments, to goe with thinner
clothes, and leaner cheekes.’3!
Delamain’s hope was that, in the course of studying instruments, his pupils might be
drawn into a greater desire to learn more of the mathematical theory underpinning
them. He was also realistic enough to accept that there were those who would
continue to search out teachers willing to provide tuition in the use of particular
mathematical instruments and nothing more. It was hardly the fault of the tutors if

their pupils demanded the knowledge of instrumental application while refusing to be

instructed in mathematical theory. Turning away such clients would have meant a

loss of income, something that few of the independent mathematical teachers could

afford. The same point has been made in recent years by A.J. Turner in his article on

the education of gentlemen:

‘In general, gentlemen preferred to take the easy way out. Concerned with
immediate practical matters, to be able to use the necessary instrument seemed
enough.’32
Delamain’s reference to the ‘Mechanicke workemen’ hints at the close
connections between the teachers of mathematics and the instrument makers and
Elias Allen was no exception in this respect. Many of the mathematical professors

|

; indulged in the designing of instruments as a side pursuit and numerous of their books
1 are on the subject of these instruments. It is hardly surprising to find that Allen often
!

well-rounded cheeks.

{ 32 A.J. Turner, ‘Mathematical Instruments and the Education of Gentlemen’ in Annals of Science, 30
\ (1973), p.58.

1
\ 31 1bid., sig.A8 recto-verso. Incidentally, Allen’s portrait shows him with good-quality clothes and
\
|
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featured as the recommended instrument maker in their texts. Allen’s workshop was
given as the place to purchase Delamain’s horizontal quadrant, Speidell’s
mathematical scale, Wyberd’s lunar dial and sets of Napier’s bones (discussed by
Barton and Partridge).?* Allen’s connections with this section of the mathematical
community were extensive and doubtless it was often his instruments that were used
in the course of these men’s instruction of their pupils, particularly when those pupils

came from the wealthier ranks, who could more easily afford brass instruments.

The mathematical practitioners

The category of mathematical practitioners overlaps with the preceding one,
since mathematical teachers often supplemented their pedagogical work with
practical application of their mathematical skills. This subset of the mathematical
community is relatively well represented in the list of printed téxts, and it is
unsurprising that the subjects of their writings are usually the professions which they
pursued and/or instruments which related to these professions. The most common
themes were navigation and surveying, although some books were written by gunners
on the application of mathematical techniques to the art of warfare. (These include
William Eldred’s The Gunner’s Glasse (1646), Nathaniel Nye’s The Art of Gunnery
(1648) and John Babington’s A Short Treatise of Geometrie (1635) which was written
mainly for young gunners.) Of these, the books on navigation were by far the most
popular, often running through several editions before becoming obsolete. Apart
from navigators, surveyors and gunners, the title of mathematical practitioner could
also be applied to architects, accountants, fortifications experts, civil engineers,
shipwrights and cartographers.

This is not to say that by any means all of those who practised these trades

were versed in mathematical methods. Indeed many of those who did know

3.3 See Delamain, The making, description and vse of...a Horizontall Quadrant (London, 1630), facing
title page; John Speidell, A Geometricall Extraction... (London, 1616), sig.A4 recto-verso; John
Wyberd, Horologiographia Nocturna (London, 1639), p.14; William Barton, Arithmetike Abreviated
(London, 1634), p.20; Partridge, Rabdologia, pp.3-4.
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ething of the usefulness of mathematical application to their professions lamented

soim

that there were a great number who plied their trade ignorantly or inefficiently
because they attempted to rely on rules of thumb and estimations of magnitudes and
sizes. This was particularly the case in surveying, traditionally the most conservative
and least receptive of the professions to which mathematicians had attempted to apply
new methods. For centuries the business of surveying had been carried out using the
traditional instruments of rod and chain and there was a great resistance to new-
fangled mathematical techniques. Even when surveyors did try new instruments they
often had little idea of how to use them properly and thus were even more of a
liability to their clients than they had been previously.
Both Arthur Hopton and Aaron Rathborne took up this issue at various points

in their writing on surveying. Hopton commented:

‘I know that there be bookes extant treating of the art of measuring ground...

but they be lame and defective, euen as a number of our surueyors be, that

thrust themselues into businesses without ability to performe’.3+
Meanwhile Rathborne drew attention to the number of people who attempted to
appear knowledgeable of mathematical surveying and of the application of
instruments despite not being sufficiently trained in these areas:

‘simple and ignorant persons...who hauing but once obserued a Surueyor, by

looking ouer his shoulder, how and in what manner he directs his sights, and

drawes his lines thereon; they presently apprehend the businesse, prouide

them of some cast Plaine Table, and within small time after, you shall heare

them tell you wonders, and what rare feats they can performe;’.35

It is little wonder that the practice of surveying was not held in particularly high

regard.36

;4 Hopton, Baculum Geodeticum (London, 1610), sig.A3 recto.

Rathborne, The Surveyor (London, 1616), preface.

A more detailed account of seventeenth-century surveying is given in J.A. Bennett, ‘Geometry and
bllr\’evmg Early Seventeenth-Century England’ in Annals of Science, 48 (1991), 345-354. The
application of the cross-staff to sux\evmg is discussed in John Roche, ‘The cross-staff as a surveying
instrument in England 1500-1640’ in Sarah Tyacke (ed.) English Map-Making 1500-1650 (London,
1983), pp.107-111.
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The situation was generally better concerning the application of mathematics
to navigation, though there was a similar resistance to the use of new techniques.’
Navigators were not generally averse to the use of instruments in taking latitude
measurements for calculating their position: indeed, mariner’s astrolabes and cross-
staffs were a standard part of the equipment of any ship which did more than ply
coastal waters, and such innovations as John Davis’ backstaff were welcomed
warmly. However, the introduction of Mercator charts, and the use of these charts for
more accurate positional calculations to supplement the results of dead reckoning,
were viewed with some suspicion by a significant number of pilots and masters.
Many navigators felt that the traditional plain chart was sufficient for their needs, and
that the only way to ensure relative safety during their voyages was to stick to the
tried and tested method of latitude sailing. Mercator sailing was viewed with
particular hostility because it demanded the application of trigonometry and this kind
of mathematical manipulation was far beyond the training which most navigators had
received. For this reason various writers presented new methods for dealing with
Mercator sailing which circumvented the most complicated parts of trigonometry, and
it was here that the application of logarithms to trigonometrical ratios proved most
effective. Some of the new calculational instruments were developed in order to
reduce the complications of mathematical navigation, although the extent to which
these instruments were employed by the average navigator is unclear.38

Hence, while the advantages of using mathematics more extensively were
trumpeted by a section of the practitioners of those professions which could be based
on the practical use of geometry and astronomy, the introduction of mathematical

techniques was a slow process. It gained in momentum through the course of the

37 The history of navigation in this period is well represented by Waters, The Art of Navigation in
England in Elizabethan and Early Stuart Times (London, 1958)J.B. Hewson, A History of the Practice
of Navigation (Glasgow, 1951) and E.G.R. Taylor, The Haven-finding Art (London, 1956).

“ See further discussion in Chapter Four.
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seventeenth century but only as the new techniques were shown to be of value to the
average practitioner, and as the general mathematical literacy of this class increased
(a situation aided by the increasing number of teachers offering adult tuition in
mathematics). The introduction of new instruments helped, although it was some
time before designers accepted the fact that the most popular instruments were those
which were simplest to use and required the least knowledge of mathematics. The
many complicated tools which appeared in the early years of the century played little
more part than to illustrate the skill of their creators; they never found a market
among the more down-to-earth practitioners.

Since it was this group of people who had the most need for instruments it is
to be expected that Elias Allen would have readily formed connections among the
navigators and surveyors of London. There is certainly evidence for this from the
texts: Allen was recommended by both Rathborne and Hopton for the various
instruments which they designed.?* He also supplied compass needles for the
expedition of Thomas James in search of the Northwest passage,* and it would
appear that he had a steady trade in Gunter sectors, judging by the number still extant
(although how many of these were purchased for use at sea is unclear). At least two
peractors (a form of surveying quadrant developed by Rathborne) made by Allen
survive*! and one of these shows marks of having been used for practical purposes.
There is also a plane table alidade in the collection of the National Maritime Museum,
and a mariner’s astrolabe in the Physics Department at St. Andrew’s University,
though this latter instrument was almost certainly never taken to sea and may have

been commissioned originally for a gentleman’s collection.

The Gentlemen Amateurs

A small proportion of the printed mathematical texts of the seventeenth

39 See Hopton, Speculum Topographicum (London, 1611), sig.Ee recto; Rathborne, The Surveyor,
p.131.
“9 Thomas James, The Strange and Dangerovs Voyage of Captaine Thomas Iames... (London, 1633),
3lg.Q1 Verso.

e Catalogue, pp.261, 273.
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century were the work of people who might be described as gentlemen amateurs.
These were men from the nobility and gentry, genuinely interested in mathematics
but not earning their livelihood through study, teaching or practical application of
mathematics or any other profession. Their numbers gradually increased through the
century as the mathematical sciences became fashionable.#> They dabbled in
whatever interested them in the sphere of mathematics, but were more likely to have
broader interests (for instance, in natural philosophy and natural history) than those at
the hub of the mathematical culture. It was largely from this class of people that the
outer ring of the Royal Society was to be formed.

As with other sections of the community some of the texts are instruction
manuals for instruments which had been designed by their authors: John Blagrave’s
books generally lie in this category. Blagrave had an estate at Swallowfield, near
Reading and devoted his time to developing such instruments as the mathematical
jewel (a form of universal astrolabe), the ‘baculum familiare’ (a surveying staff) and
various aids to dialling.® Edmund Wingate was another author who is best known
for the design of an instrument, in this case a logarithmic rule, which he discussed in
great detail both in The Use of the Rule of Proportion and in his hugely popular
arithmetic.** The other main area treated in printed texts by members of the upper
classes is the issue of the need for better education in mathematics and the possibility
of constructing new schools and academies which would supply mathematical
teaching as an important part of the curriculum. Among unpublished works a large
quantity of manuscript tracts on dialling were produced during this century, the

majority of which came from the pens of gentlemen amateurs: 4> dialling appears to

%2 See ALJ. Turner, ‘Mathematical Instruments’.

B John Blagrave, The Mathematical Iewel (London, 1585); Baculum Familliare (London, 1590);
Astrolabium vranicum generale (London, 1596); The Art of Dyalling (London, 1609).

“ Edmund Wingate, The Use of the Rule of Proportion (London, 1645) (originally published in Paris
as Usage de la Reigle de Proportion in 1624); Arithmetique made easie (London, 1630 and many
subsequent editions). Biographical information about Wingate and further study of his rule can be
found in A.J. Turner, ““Utiles pour les calculs™: the Logarithmic scale rule in France and England
during the seventeenth century’ in Archives Internationales d’Histoire des Sciences, 38 (1988),
Pp.252-270.

+ See in particular the Lewis Evans collection at the Museum of the History of Science in Oxford.
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have been a subject which fascinated amateur mathematicians throughout the
seventeenth and eighteenth centuries.

Although relatively few books were written by this group of people they
appear to have been a target audience for other authors of mathematical texts and are
often addressed on the title pages of the books.4 Thus Thomas Blundeville speaks of
his work on astronomy, The Theoriques of the seuen Planets... as required reading for
¢...all Gentlemen that are desirous to be skilfull in Astronomie’ among others; both
Thomas Hylles and Nicholas Hunt stress how important arithmetic is to the
gentleman wishing to obtain a rounded education; and John Wilkins recommended
his writing on mechanical devices to any landed gentry who had mines on their
property or who were concerned about drainage.#’  Apart from these specific
references to the gentry, the ubiquitous phrase ‘those who are studeous in the
mathematics’#® was almost certainly intended to be directed as much at >the gentleman
amateur as at the mathematical practitioner. It certainly appears that there was a
growing interest in mathematics among the leisured classes which was swiftly
exploited by those who earned their living through teaching mathematics and also
through the production of mathematical texts and instruments.

This new dilettante interest probably had its root in the steady popularisation
of the mathematical disciplines from the end of the previous century onwards. Gentry
who were connected with navigation would have had knowledge of the increased
application of mathematical techniques to sailing. Meanwhile the prominence of
John Dee in Elizabeth’s court and his championing of the mathematical sciences no
doubt had their effect on other members of the court, which probably filtered down to

those who aspired to appear well educated. And in the universities the trend was

g6 Although once again we must be careful of these indications of possible readership. A book which
Wwas addressed to gentlemen may well have been aimed not only at this class but also at those who
étl)il())ired to be members of the gentry; it is extremely likely that such people would have read these
Ks.
&7 Blundeville, The Theoriques of the seuen Planets... (London, 1602), title page; Thomas Hylles, The
Art of vulgar arithmeticke... (London, 1600), title page; Hunt, The Hand-Maid to Arithmetick Refined
(London, 1633), title page; Wilkins, Mathematical Magick (London, 1648), sig.A4 verso.
See, for example, Edmund Gunter, De Sectore et Radio, title page.
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(albeit slowly) towards a greater openness to the value of mathematics. Little by
little, accomplishment in mathematics, alongside other branches of knowledge, came
to be a status symbol among the landed gentry. The well-educated gentleman was
soon expected to know Euclid as well as the literary classics, to be as proficient in the
application of the celestial and terrestrial globes as in playing upon musical
instruments, as able to construct a sundial as to parse a sentence in Latin.*
Mathematics was prominent in many of the schemes for the creation of new
academies which were the preoccupation of numerous commentators on the state of
English education. These men were worried that too many of the sons of the upper
classes were being sent abroad to complete their education and so were being
influenced overmuch by foreign attitudes and ideas. They felt that it was necessary to
fill the gap in the indigenous supply of teaching, and that establishing academies
which would train young boys (and, occasionally, girls) between cﬁildhood and
university was the means by which to accomplish this purpose. Schemes ranged from
the relatively abstract (such as Henry Peacham’s The Compleat Gentleman and John
Aubrey’s ideas for a school for young gentlemen) to the detailed exposition of John
Dury’s The Reformed School which presented all the necessary details for the
organisation of a school for the completion of the young gentleman’s secondary
education.® Sir Francis Kynaston and his associates even reached the position of
gaining letters patent from the King, buying a plot of land and printing the
constitutions for their academy:3! unfortunately, the Civil War intervened and the
Muszum Minerva never became a reality. All of these schemes acknowledged the
importance of mathematics in the training of a gentleman, and lessons in arithmetic,

geometry and astronomy featured prominently on all the syllabuses. It appears that

“_‘9 See A.J. Turner, ‘Mathematical Instruments’ for further information on this subject.

U Henry Peacham, The Compleat Gentleman (London, 1622), modern edition by Virgil B. Heltzel
(New York, 1962); Bodleian Library Ms Aubrey 10 (see also J.E. Stephens (ed.), Aubrey on
Education. A hitherto unpublished manuscript by the author of Brief Lives (London, 1972) and A.J.
Turner, ‘Mathematical Instruments’, pp.51-88); John Dury, The Reformed School (London, 1650,
published by Samuel Hartlib).

L Sir Francis Kynaston, Constitutions.
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‘f() See A.J. Turner, ‘Mathematical Instruments’ for further information on this subject.

20 Henry Peacham, The Compleat Gentleman (London, 1622), modern edition by Virgil B. Heltzel
(New York, 1962); Bodleian Library Ms Aubrey 10 (see also J.E. Stephens (ed.), Aubrey on
Education. A hitherto unpublished manuscript by the author of Brief Lives (London, 1972) and A.J.
Turner, ‘Mathematical Instruments’, pp.51-88); John Dury, The Reformed School (London, 1650,
published by Samuel Hartlib).

> Sir Francis Kynaston, Constitutions.
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mathematics was no longer viewed as a subject which could be safely left for
undergraduate teaching, but rather as an important part of the school curriculum.
With the mathematical sciences and their applications becoming an
increasingly popular study among the gentry, it was inevitable that instrument makers
would seek to take advantage of this new market, and Elias Allen was no exception.
In fact, a great many of the surviving examples of his work seem to have been ,
intended as items for purchase by customers from the gentry or the nobility. Many of
them are exquisitely crafted and show little sign of wear and tear, suggesting that they
were bought as items for inclusion in gentlemen’s collections. Pieces such as the
astronomical compendia and the Gunter quadrants are clearly designed for the
dilletante amateur mathematician rather than the mathematical practitioner.”> It was
almost certainly through his willingness to exploit this burgeoning market that Allen
was able to support himself so well. There is also textual evidence that his
instruments were in demand from gentlemen; indeed, one friend of Oughtred

complained that Allen’s new gauging rod was so popular that he had been unable to

purchase one.3

The mathematical instrument makers I
At last we come to the category to which Elias Allen belongs. In this

subsection of the community approaching through the authors of the texts provides us

with singularly little information. The only instrument makers to publish anything |

during the period surveyed were Christopher Brookes, John Prujean and Anthony ‘

Thompson, all of whose writings appeared after 1650. However, the instrument

makers are represented in the texts to a certain extent. After all, with so many books ‘

concerned with explaining instruments of various kinds, there was a need to indicate

to the reader where these instruments might be purchased, and so various of the better

32 See the discussion in Chapter 3.
33 William Robinson to William Oughtred, June 11th, 1633, reproduced in Stephen Rigaud,
Correspondence of Scientific Men of the Seventeenth Century (Oxford, 1841), pp.17-18.

I
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known and more highly respected instrument makers are mentioned. In the course of
the literature survey I made the acquaintance (if somewhat briefly in some cases) of
Elias Allen, John Allen, John Thompson, Anthony Thompson, Ralph Greatorex,
Walter Hayes, John Bleighton, Thomas Browne, John Prujean, Christopher Brookes
and Charles Whitwell. However, these are only a part of the body of artisans who
devoted some or all of their time to making mathematical instruments, and so it is
fortunate that there are other places to turn for information concerning this group.
First and foremost there are the guild records of the companies of which they were
members; there are also the instruments themselves.

The English trade in mathematical instruments was still in its infancy at the
beginning of the seventeenth century, the establishment of a workshop (c.1544) by
the émigré Thomas Gemini having been the first real step in creating this trade.
Through the second half of the sixteenth century there were only a handful of
craftsmen who produced any mathematical instruments (Humphrey Cole, Augustine
Ryther, John Reade, James Lockerson, John Reynolds, James Kynvyn, Christopher
Paine, Charles Whitwell, Emery Molyneux, John Bull, Francis Cooke and
Christopher Jackson being the main representatives)>* a reflection of the fact that the
mathematical sciences were only just beginning to arouse interest on a large scale.
The next century was to witness the flowering of England’s mathematical culture and
the concomitant foundation of a thriving community of instrument makers to satisfy
the demand for instruments both old and new.

As mathematical instrument making was so undeveloped at this point there
was no central guild to which the instrument makers were attached. Consequently
they were members of various of the companies, representatives being found among

the grocers (Whitwell, Allen and others), the joiners (the Thompsons, and Thomas

> See Taylor, Mathematical Practitioners, G. L’E Turner ‘Mathematical Instrument Making in
London in the Sixteenth Century’ in Sarah Tyacke (ed.), English Map-Making, pp.93-106, and D.J.
Bryden, ‘Evidence from Advertising for Mathematical Instrument Making in London, 1556-1714" in
Annals of Science, 49 (1992), pp.301-336, although note that Bryden casts doubt on the status of
Francis Cooke (p-307,n.32).
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and John Browne), the goldsmiths (Humphrey Cole), and numerous other guilds. The
lack of strict guild regulation allowed a substantial degree of variation in the quality
of instruments and of the discipline in the makers’ workshops, particularly with
regard to the number of apprentices taken. When the Clockmakers’ Company was
founded in 1632, several attempts were made by the new guild to gather in the
instrument makers and to enforce more rigid policing of the trade, but this appears to
have had relatively little effect. Makers joined the new company if they felt that it
would be useful to them; otherwise they took very little notice of attempts at
coercion. This independence of the instrument makers no doubt enabled a greater
freedom in their relationships with their customers and the instrument designers, and
a greater opportunity to manipulate the market.

In the early years of the century, makers tended to specialise in either metal or
wooden instruments, perhaps as a result of the different backgrounds from which
their trade had originated (i.e. a joiner would more naturally develop a trade in
wooden instruments, while a craftsman who had a trade ancestry in engraving might
tend towards working with metal). Early advertisements for instrument suppliers
usually name one brass worker and one joiner, and so Elias Allen’s name is often
linked with that of John Thompson, the pre-eminent producer of wooden instruments.
However, as the century progressed, more and more instrument makers began to work
in several different media, the object presumably being to corner as great a share of
the market as possible. In the light of this diversification of business it is the more
remarkable that Allen was able to establish a thriving trade while restricting his
working materials to metals.

Of course, success in instrument-making depended not only on craft skill but
also on the ability to make the most of advertising one’s business. This subject has
recently been discussed at length by David Bryden, so I will limit myself here to

making a few general points. It appears that the earliest means of advertisement was
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Jargely through word of mouth or through informal advertisements in books.
Generally, when authors spoke of new instrument designs they would include a short
note (usually an integral part of the text) to the effect that ‘this and all other
instruments for...can be purchased from such and such a maker at such and such an
address’. In other works, illustrations of the instruments often carry inscriptions
holding the information as to where and from whom the object can be bought.
Clearly it was very important for instrument makers to make the most of their links
with writers of texts about instruments, and this was a further factor in creating a very
close-knit mathematical community. These were the main kinds of advertising upon
which Allen relied.

Gradually, as the century progressed, instrument makers began to produce
their own trade cards and advertisements. Walter Hayes took advantage of his sale of
mathematical texts to paste his own advertisements into them declaringr his ability to
supply a wide variety of mathematical aids:

‘Whosoever hath or Shall have Occation for all or any of these Instruments
Mentioned in this Booke or any Other for the Mathematicall Practice Ether in
Silver Brasse or Wood may Bee Exactly furnished by Walter Hayes, At the
Crosse Daggers in Moore fields Neere Bethlem Gate London.”
John Prujean was still more forward in publishing a catalogue of his wares, in order to
advertise his services to the mathematically inclined in Oxford.>7 A generation later,
Edmund Culpeper had designed an illustrated trade card for informing potential
clients about the full scope of his workshop.®® However, the general situation

throughout the seventeenth century, particularly in the first fifty years, was that

23 Quoted in Bryden, ‘Evidence’, p.326.
>" John Prujean, Notes of mathematical instruments made and sold by Jean Prujean in Oxon. (London,
1653). This is the title and date as given in the second edition of D. Wing, A Short Title Catalogue of
Books Printed in England...1641-1700 (New Y ork, 1972-1988), entry P. 3884, but see also Bryden’s
Comments in ‘Made in Oxford: John Prujean’s 1701 Catalogue of Mathematical Instruments’ in
Oxoniensa, LVIII (1993), p.266. In the latter work it is shown that the only dated copy of the work
comes from 1701, published in an edition of Richard Holland’s Globe Notes. Similar publications
ggrvi\'e but are undated.

See Bryden, ‘Evidence’, pp.323-325.
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instrument makers worked to commission and advertisements were simply a means
for making potential customers aware of suitable artisans to approach for particular
instruments.

A further way in which instrument makers appear to have made themselves
more easily accessible to their buyers was through the location of their workshops.
They tended to congregate in certain areas and this is vividly seen in the clustering
shown on Taylor’s map of workshop sites. Many of these were in the vicinity of
Gresham College, but there were also groups on Tower Hill, around St. Paul’s and
down the length of Fleet Street and the Strand, even as far as Charing Cross. This
may simply have been the natural development as the result of craft succession, with
workshops being passed down from master to apprentice, but may have been
instrument makers taking advantage of the fact that certain areas of LLondon became
known as good sources of high-quality instruments. Certainly the number of
workshops around Gresham College would seem to be related to their proximity to an
institution which, among other things, devoted time to instruction in the use of
mathematical instruments.

The artefacts produced by this group of craftsmen were almost all directly
related to mathematics. Instruments of natural philosophy were largely a thing of the
future, and the construction of telescopes remained at a very rudimentary level until
the second half of the century, when the application of telescopic sights became
viable through the use of crosswires and micrometer screw gauges. However, the
number of different mathematical instruments rose rapidly from the latter part of the
sixteenth century and throughout the seventeenth. A relatively restricted range of
standard pieces (astrolabes, armillary spheres, astronomical quadrants, sundials,
cross-staffs and backstaffs, nocturnals, theodolites, plane tables, astronomical
compendia and the like) expanded to a vast array of tools for easing the life of the

user of mathematics. Many new instruments were produced for use in surveying

(though lifespans in this area tended to be short); there was a proliferation of scales to
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aid measurements of various kinds; new instruments for dialling were introduced in a
large number of the books on that subject; instruments for making astronomical
observations became gradually more sophisticated as new methods for dividing scales
were devised. In particular, calculational instruments abounded: some of these, such
as the arithmetical jewel, Napier’s bones and the Gunter sector, were designed to
simplify the standard techniques of arithmetic; others were developed specifically to
take advantage of the new invention of logarithms - the various forms of logarithmic
rule and eventually the slide rule. New instruments opened up the world of
mathematics to a wider public than had yet been prepared to approach such a
complicated study. Numbers were not the natural playthings of most ordinary people
and many of the instruments were designed with the express purpose of making

mathematics and its applications more accessible.

Such, in broad outline, was the mathematical community of the early
seventeenth century. The major players in this drama have all been presented through
the study of the mathematical texts of the period. However, brief mention must be
made of those who are relevant to the mathematical culture but who only appear in
the background; in particular, patrons of the mathematical sciences, who are only
mentioned in the dedications which were a standard constituent of books of this
period. These men and women facilitated the expansion of the mathematical sciences
through their financial support and their recommendations of those members of the
mathematical community whom they felt worthy of their patronage. They included
Henry Percy, the Ninth Earl of Northumberland (who gathered a group of scholars,

including Thomas Hariot, under his wing), Sir Walter Raleigh and Thomas Howard,

the Earl of Arundel (perhaps more famous for his love of the arts, but also a
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distinguished supporter of mathematicians and natural philosophers).”® Even the
Royal family took an interest at times in the careers of those associated with
mathematics: both Prince Henry and his brother Charles were interested in
mathematics and its applications and encouraged its growth, albeit in a somewhat
irregular manner.

As I pointed out earlier, the distinctions which I have made in order to present
the community are to a certain extent artificial, there being a great deal of overlap
between the different categories. The most incongruous grouping perhaps is that of
the mathematical practitioners, who could also be found teaching their skills as
mathematical tutors or sometimes making the instruments which they designed.
Occasionally the instrument makers themselves gave instruction in the use of their
instruments. Again, the line between ‘academic mathematicians’ and gentlemen
amateurs is occasionally blurred. All these blurrings, overlaps andAinterweavings,
however, simply indicate the close-knit nature of this mathematical culture. It was a
community where names at least were known to most other members, manuscript
treatises (such as Gunter’s Latin treatise on the sector) were circulated within subsets
of the community and various locations became popular venues for informal meetings
to discuss new instrument designs or topical subjects, such as the discovery of
logarithms or the knotty problem of magnetic variation (particularly after the
phenomenon of secular variation became known). There were no sharp distinctions
between ‘pure’ and ‘applied’ mathematics, nor between the mathematics of the

academy and that of the mechanician who employed mathematics to ply his trade.

So much for the supporting characters in the narrative: we now turn to the
central figure of this play - Elias Allen. Of course, the play in which he takes centre

stage is just one of a whole series of dramas and those who only appear in cameo

% Northumberland and Raleigh’s roles as patrons are discussed in Robert Hugh Kargon, Atomism in
England from Hariot 1o Newton (Oxford, 1966). Arundel’s support for the sciences is charted in David
Howarth, Lord Arundel and his Circle (New Haven, 1985).
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roles in this story will walk into the wings and out onto the stage of a different play
where they are the main focus of attention. What I hope to do in the course of the
remaining chapters is to establish that the story of Elias Allen is not merely a
sideshow in the mathematical culture of seventeenth-century England, and that

attention to this drama will help us to interpret other parts of the overall history in

new ways.
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Figure 2: Main Subjects of Mathematical Books Published Between 1590 and 1699




CHAPTER TWO

Elias Allen’s Life

Of the beginning of Elias Allen’s life very little is known. The inscription
beneath his portrait states that he was born in the vicinity of Tonbridge but the exact
village is unknown. Itis possible that he came from the parish of Ashurst which lies a
few miles away: he later gave a sundial to the village, which still stands in the
churchyard, and so it seems likely that he had a close connection with the place, but
unfortunately, none of the church records have survived from this period. The will of a
Tonbridge surveyor, Henry Allen, survives,! recording an Elias Allen as one of the
witnesses, and the combination of the town and the occupation of the testator (an
occupation closely linked with the mathematical instrument trade) makes it plausible that
this is the same Elias as the instrument maker. More than this, we cannot say.

However, something can be said regarding the county in which Allen grew up.?
Kent held a major strategic position through its location between London and the
continent of Europe and by virtue of the many ports along the Thames estuary where
ships were unloaded and loaded in passage to or from the capital. It was the source of
a large proportion of the food consumed in London, particularly wheat, but also malt,
meat, fruit and fish. The forests of the Weald were also culled to satisfy the
metropolitan demand for kindling wood. Thus the county had very strong links with
London and many of its connections with the rest of the country were filtered through
the capital.

At the end of the sixteenth century Kent was the third or fourth wealthiest
county in England and held a similar position in terms of population. There were about

130,000 people, of whom the majority were farmers. In the area around Tonbridge the

i Public Record Office, PROB 11/152, ff.262-3.

= Most of the following information is drawn from C.W. Chalklin, Seventeenth Century Kent. A
Social and Economic History (London, 1965) and Peter Clark, English Provincial Society from the
Reformation to the Revolution: Religion, Politics and Society in Kent 1500-1640 (Hassocks, 1977).
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predominant form of farming was dairying and beef production. The cloth industry
and iron production (making use of the fuel provided by the Wealden forests) played an
important part in the Kentish economy as well.

The area was also known for the strength of the nonconformist tradition.
Religious nonconformity was established early in Kent and flourished particularly
strongly in the Weald. This may have been due to the comparative isolation of the
forest settlements allowing a certain freedom of expression, or to the strong presence of
Protestant refugees from the continent who had escaped the religious wars of the
1560s. Whatever the case, it would seem likely that the Allen family belonged within
this tradition - Elias appears not to have been a common name before the Reformation

but it did then become something of a favourite in nonconformist circles.

Just as mysterious as Allen’s precise birthplace is the year of his birth.
Tantalisingly, his portrait’s inscription speaks of him having died ‘at the age of”,
leaving a blank where the figures would have been included. However, a rough date
can be given by calculating back from the beginning of his apprenticeship, in 1602.
The standard age of new apprentices was fourteen, implying that he would have been
born in 1588. Apprentices were taken at other points, varying from the ages of twelve
to seventeen, so the birth date can be set, with a fair degree of certainty, between 1585
and 1590. It would be a pleasant coincidence if the instrument maker had been born in
1588: ‘Armada year’ gave the first clear indication of the vital importance of a strong
navy and hence of the need for navigational instruments which would ease the lot of the

mariner.

Allen’s craft descent
According to the record provided by Elias Allen’s application for freedom of the

Grocers’ Company3, he was bound to the London instrument maker Charles Whitwell

3 Cf. p.5s.
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in the final year of Elizabeth’s reign. This evidence corroborates the tentative claim for
the connection made by Eva Taylor in The Mathematical Practitioners of Tudor and
Stuart England, where she notes that the two instrument makers had very similar
addresses. Even without this evidence, the similarity in style of engraving (which is
remarkably close) would be a strong indication of a relationship.

Charles Whitwell had been apprenticed to Augustin Ryther (or Rider, according
to the Company records) on 17th December 1582, and served under his master for
eight years, being granted his freedom on 10th November 1590.4 Ryther was one of
the earliest of the indigenous instrument makers of London and divided his time
between this area of craftsmanship and that of engraving maps.> His apprentice
followed in his footsteps, though rather better known for instruments than was Ryther.
Of Whitwell’s maps there are few surviving examples: a map of part of Asia, one of
Jerusalem, copies of John Norden’s map of Surrey and one of Philip Syﬁ]onson’s map
of Kent.® Other engravings produced by Whitwell include various illustrations for
mathematical texts. There are beautiful examples in William Barlowe’s The
Nauigator’s Supply (1597) and Hood’s The making and Use of the Geometrical
Instrument Called a Sector (1598). Whitwell not only made the engravings, but also
guaranteed to provide the instruments from the stock in his shop. His work as an
instrument maker is rather better represented than his maps, which seems to indicate a

shift in emphasis from map-making to instrument-making which was to arrive at its

4 Wardens’ Accounts of the Grocers’ Company, Guildhall MS 11,571, vol.7.

3 His only known surviving instruments are a theodolite, signed, and dated 1590, and now in Florence,
a universal equinoctial dial, dated 1588, in the Science Museum and an astronomical compendium,
dated 1588 (see M. L. Righini Bonelli, Il Museo di Storia della Scienza a Firenze, p.182; Sotheby’s
(London), 23/10/85, lot 331; the Science Museum sundial was acquired in the 1980s). His extant
maps include five engravings for Saxton’s Atlas of England and Wales, a copy of Saxton’s Large Map
of England and Wales, a Bird’s Eye Plan of Oxford, a Bird’s Eye Plan of Cambridge, three maps in
Wagenaer’s Mariner’s Mirror, and the Armada Plates, engraved after the drawings of Robert Adams,
Surveyor of Works to Queen Elizabeth (see A.M. Hind, Engraving in England in the Sixteenth and
Seventeenth Centuries (Cambridge, 1952-55), vol.1, p.138).

G. T. Minadoi, The History of the Warres betweene the Turkes and the Persians (1595); Christianus
Adrichomius, A briefe description of Hierusalem...(1595) (these are referred to in Hind, Engraving in
England, vol.1, p.224); John Norden, Map of Surrey (c.1604) (copies in British Library and Royal
Geographical Society Library); Philip Symonson, Map of Kent, (1596) (copy in Royal Geographical
Society Library). (Information taken from Joyce Brown, Mathematical Instrument-Makers in the
Grocers’ Company 1688-1800 (London, 1979).)
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conclusion in this dynasty in the work of Elias Allen (who appears on extant evidence
never to have produced any maps).

Whitwell, in the inscriptions accompanying the portrayals of his instruments on
the title pages of these books, gives an indication of his address. He speaks, in Hood’s
book, of ‘dwelling without Temple Barre against S. Clements Church’, while his
advertisement in the Barlowe states that,

“The instruments are made by Charles Whitwell, over agaynste Essex howse,

maker of all sortes of mathematicall instruments, and the graver of these

portaytures’.’
Essex House was one of the great mansions situated west of the city walls and along
the river where it wound north and east from Westminster to the City. Essex House
and Arundel House between them occupied much of the land between the Strand Lane
and the Temple, with Essex House fronting onto the Strand opposité St. Clement
Dane’s Church. According to John Stow,® Essex House was so called because ‘of the
earl of Essex lodging there’, but previous to that it had been referred to as Leycester
house, ‘because Robert Dudley, earl of Leycester, of late new built there’. There may
well have been a connection between Whitwell and the younger Robert Dudley (son to
the earl): certainly, when Dudley (who designed instruments himself) departed for
Florence in about 1605, he took with him several of Whitwell’s instruments, which are
now housed in the Museum of the History of Science there.

While there are no known surviving examples by Whitwell of Hood’s sector, or
the various instruments described in The Nauigators Supply, there is clear evidence that
Whitwell was indeed a ‘maker of all sorts of mathematicall instruments’. The Florence
Museum boasts a quadrant and an astrolabe, signed and dated 1595, and two nautical
hemispheres. A pendant sundial with perpetual calendar (dated 1593 and following

the design of Nathaniel Torporley) is in the Museum of the History of Science at

7 Thomas Hood, The making and Use of the...Sector, title page; William Barlowe, The Nauigator’s
g’lpp/y title page.

StO\\ The Survey of London (London, 1598).

Bonelll Museo di Storia, pp.162, 164, and 170.
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Oxford, along with a universal dial of 1606. The National Maritime Museum has an
astronomical compendium (1600) as does the Whipple Museum (1604), and the British
Museum holds a folding dial.

Whitwell took numerous apprentices between 1593 and 1610: William
Wrightson on 25th December 1593; Joshua Silvester on 25th December 1594; John
Smythe on 1st May 1596; Abraham Barton on 24th June 1602; Carye Wolriche on 24th
June 1608. As well as these apprentices (none of whom appear in the Grocers’
Company records applying for freedom), Thomas Woodall (freed 27th April 1604) was
never formally bound, and the indenture papers for Elias Allen are not extant.1°

The Court Minutes of the Grocers’ Company for 11th August 1606 record that
“This day it is agreyd that Charles Whitwell grocer shall have the 50! for ii years

weh his brother Robert Whitwell deceased latelie had. And William Whitwell

and George Budd salters are alowed his sureties.’!! |
Fifty pounds was a large sum of money at this period and it is unclear why the money
was granted to Whitwell. It is a completely different order of magnitude from the sum
of forty shillings granted to Allen in 1649 when he was short of money. Thus it is
unlikely to have been a loan to aid a struggling business. Perhaps Whitwell’s business
was so successful that the Company were willing to advance the capital for the
purchase of materials required for the workshop such as engraving plates. In this case
the loan would reflect the prosperity of Whitwell’s business and the obvious reliability

of the instrument maker to repay the loan.!2

10°See Joyce Brown, Mathematical Instrument-Makers. 1 am much indebted to this work for providing
valuable information. Other sources for instrument makers in the London livery companies are M.A.
Crawforth, ‘Instrument Makers in the London Guilds’ in Annals of Science 36 (1979), pp.1-34 and
Joyce Brown, ‘Guild Organisation and the Instrument-Making Trade, 1550-1830: the Grocers’ and
1Clockmakers’ Companies’, Idem 44 (1987), pp.319-378.

! Guildhall MS 11,588, vol.2.

That metal plates were valuable is clear from some of the evidence provided from the inventories of
map-sellers from the latter part of the seventeenth century: the inventory of Thomas Jenner’s property
included 117 cwt of old copper plates valued at £41.16s.10d; that of Philip Lea’s estate included 16 cwt
of copper to a value of £132.8s. (See Sarah Tyacke, London Map-Sellers 1660-1720 (Tring, 1978),
p-118 & p.122.
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Whitwell was buried in St. Clement Dane’s on 23rd January 1610 (OS);13 the
administration of his effects was sought by and granted to his widow, Sarah Whitwell,
on 1st February 1611(0S).14 Allen’s application for his freedom in the Grocers’

Company had been made some five months earlier, on 17th September 1611.

Apprenticeship

Freedom of the guild had to be sought by Elias Allen so that he might have the
right to trade within the walls of the city of London, and to own a workshop. By the
beginning of the seventeenth century this freedom could be achieved in one of three
ways. It was quite possible to pay for one’s freedom as long as the applicant was over
the age of twenty-one. Alternatively, for those whose families were already members
of one guild, the option of freedom through patrimony was available. This meant that
once the child of a member of a guild reached the age of twenty-one, he ér she could
apply to become free of the parental guild, regardless of what that guild was or the trade
which the new member was intending to ply. This was a relatively common method of
gaining one’s freedom if the family were already involved in the guild system. By far
the most common way of obtaining the right to set up a trading place in London was to
gain freedom through apprenticeship. Even those who had parents in the trade which
they would pursue in the future were likely to serve an official apprenticeship in order
to obtain a mastery of the craft.

Apprentices mostly came from the large number of artisan families already
involved in trade in London. However, it was also common to find fatherless boys
being pressed into the trades, or for yeomen from the surrounding counties to send
their sons to London to learn a craft which might lead to an enhanced standing in the
long term (a job in London was a much-coveted goal for many people from rural areas
or small towns). Even the younger sons of gentlemen were sometimes sent to London

to learn a trade for their livelihood; the rank of merchant, despite the association with

ii City of Westminster Archives, St. Clement Dane’s Burial Registers, vol.1 (1588-1638/39), loc. cit.
Public Record Office, PROB 6/8, f.6.
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manual work, was not one which was necessarily looked down upon by the gentry of
this period, since the more important merchants in the city bore considerable power and
influence in the capital.!>
The laws governing the training and keeping of apprentices were still very strict
at this time. The Statute of Apprentices, passed in 1562, had ordained that every
practitioner of a craft had to serve an apprenticeship of at least seven years, and many
of them were bound by their masters for even longer terms. During this period master
and apprentice had certain legal obligations to each other, which had to be kept in order
for the contract of the apprenticeship to be held valid. These varied slightly from guild
to guild, but the following description from Sir Thomas Smith’s De Republica
Anglorum of 1565 provides a good illustration of the kind of behaviour which was
expected:
‘whatsoever the apprentice getteth of his owne labour, or of his masters
occupation or stocke, he getteth to him whose apprentice he is, he must not lie
foorth of his masters doores, he must not occupie any stocke of his owne, nor
mary without his masters licence, and he must doe all servile offices about the
house, and be obedient to all his masters commaundementes, and shall suffer
such correction as his master shall thinke meete, and is at his masters cloathing
and nourishing, his master being bounde onely to this which I have saide, and
to teach him his occupation, and for that he serveth, some for vij. or viij. yeres,
some iX. or X. yeres, as the masters and the friends of the young man shall
thinke meete or can agree:’1¢
Indentures also usually gave rules regarding more specific behaviour which might sully

the Company’s reputation. For instance, the Clockmakers’ Company decreed:

!5 This is made clear by Richard Grassby’s essay, ‘Social Mobility and Business Enterprise in
Seventeenth-century England’ (in Donald Pennington and Keith Thomas (eds.), Puritans and
Revolutionaries (Oxford, 1978), pp.355-380): ‘Apprenticeship lists, registers of freemen, indentures,
and family papers reveal substantial numbers of sons of country, urban and professional gentry in
business. Although less numerous than yeomen and husbandmen - the two other main status
?gtegories - they constituted a significant proportion of apprentices of non-mercantile origins.” (p.356)

Smith, De Republica Anglorum (London, 1583); modern edition by L. Alston (Cambridge, 1906),
P-137. Smith was one of the Secretaries of State to Elizabeth I.
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‘He shall not play at cards, dice, tables, or any other unlawful games, whereby
his said Master may have any loss.... He shall not haunt taverns or play-
houses, nor absent himself from his said Master’s service day or night
unlawfully:’17
The strictures applied to the apprentice were quite severe but not unreasonable if he was
going to be in a position to be useful to his master and to acquire the necessary
knowledge of his craft. In return for his faithful service the obligations of his master
were not inconsiderable. The master, it is true, gained the service of an increasingly
skilled workman for nothing in terms of wages, but he was nevertheless required to
supply board and lodging and teaching as payment. The apprentice essentially became
a part of the master’s family.

These were the typical terms under which an apprentice was bound. At the end
of his term, an apprentice could gain his freedom if he had the consent of .his master
and the approval of the court of the guild, and was prepared to pay for entry into the
guild. Many apprentices opted to remain in their masters’ service for a further period,
moving up to the rank of journeyman, whether they had taken their freedom or not.
While the position of freeman in a guild had its own privileges and opportunities, it also
carried its own burdens and obligations, and many artisans were loath to take those
responsibilities upon themselves until they were sure of being able to establish
themselves sufficiently well to earn a living. Thus the date recorded for freedom did
not necessarily imply the recent completion of an apprenticeship, nor did the
continuance of a former apprentice in the workshop of his master imply a lack of skill.
Many who had no desire to own their own workshop, were happy to remain in the
relatively safe position of journeyman to another, and masters were often glad to have
the resource of several skilled pairs of hands to assist them in their work. It was often
the case that it was more prestigious to work as a journeyman for a well-known and

respected master than to struggle to set up a workshop of one’s own.

y/ Quoted in Brian Loomes, The Early Clockmakers of Great Britain (London, 1981), p.12.
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Presumably Allen’s experience of apprenticeship was very much the same as
that of other young boys bound into the crafts. All that can be said with certainty is that
by the fourth year of his term he was already showing signs of the mastery of his
profession, which was to flourish in the future. The National Maritime Museum
collection includes a bronze sundial of Allen’s making, dated 1606.1® It is a simple
enough instrument, consisting of a circular hour scale and hour lines radiating out from
an attractively shaped gnomon. The signature shows Allen having not as yet settled
into a particular style, nor even having decided on the spelling of his name. The
lettering runs “Elias Allin fecit 1606 with a very foursquare “E” and yet an elegant,
flowing “A” which is more normally found on his instruments in association with a
curly, epsilon-style “E”. The whole is a witness both to the precocity of Allen’s talent
and the able teaching of his master.

The next mention of Allen’s name in relation to his instrument-making comes
five years later. In an advertisement for his work in Arthur Hopton’s Speculum
Topographicum: or the Topographical Glasse, ' it is said that ‘The Glasse is made in
brasse, in blacke Horse-ally, neere Fleetebridge, by Elias Allin.’20 It would appear
from the address that Allen had by this point moved out from Whitwell’s workshop and
set up his own establishment some distance away; it is certain that he had gained a
reputation for himself as an able maker of brass instruments at quite a young age, and
while still not a freeman of the City.2!

Some knowledge of the intervening years can be gained from the Parish
Registers of St. Bride’s Church, Fleet Street, the parish to which Black Horse Alley
belonged.22 The burial register contains an entry for the interment of ‘Richard Allin son
to Elias Allin” on 18th December 1608. There is no record of the baptism of this child

either in the church registers or in the International Genealogical Index (London

18 See Cat. no. X1.
191 ondon, 1611.
;0 Hopton, sig.Ee recto.
3 T]’HS reference occurs in the year preceding Allen’s freedom which came in 1612 (see note 24 below).
22 References are taken from St. Bride’s Parish Registers, Guildhall MSS 6536, 6537, 6538.
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entries), but that he was born at least as early as July 1607 is certain, since his younger
prother Charles was baptised on 24th April 1608. The first daughter, Sara, was born
in January 1609 (OS) and baptised on the 21st of that month. Charles only survived
until shortly after his second birthday - his name appears in the burial registers on 5th
May 1610. 1 have been unable to find any reference to the marriage of Elias Allen
either in the International Genealogical Index or in the Parish Registers of either St.
Bride’s or St. Clement Dane’s. However, his wife’s name - Elizabeth - is known
through records of the baptisms of some of the younger children. If Richard was a
legitimate child the marriage must have happened no later than October 1606 and it is
possible that this event was the reason for Allen’s removal from Whitwell’s workshop
to his own premises.

At about the same time as the appearance of his advertisement in Hopton’s
book, Allen applied for freedom of the Grocer’s Company. This is the first time that
we find his name officially documented in the Company records:

“This day the humble suyte of Elias Allen for his freedom whoe allegeth to have
served Charles Whitwell grocer deceassed (in his lief time using tharte [sic] of a
Mathematician) by the space of nine yeres by indenture of apprenticehood is by
this Corte referred to theaxamincon [sic] and Consideracon of the Wardens.’23
The examination and consideration of the wardens was evidently a lengthy process: it
was not until ten months later (on 7th July) that Allen finally obtained his freedom, on
the payment of three shillings and fourpence, and gained the right to trade within the

City of London.2#

Guild Membership
When Elias Allen obtained his freedom in 1612 he came under the jurisdiction

of the Grocers” Company and bound himself to the regulations which this entailed. It

—

31 Grocers’ Company Records, Court Minute Books, MS 11,588, vol.2, {.659.
“ Wardens’ Accounts of the Grocers’ Company (Guildhall MS 11,571, vol.1): ‘Elias Allen late
apprentice to Charles Whitwell entred and sworne the viith of July 1612.”
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was these strict regulations which kept many men working as journeymen in their
masters’ workshops, rather than striking out on their own. The Grocers’ Company, as
any other City Company, looked after its members and was prepared to protect them
legally and financially, but it expected something from them in return. The main
requirement of each freeman was that he paid the quarterage of the company (usually of
the order of about fourpence a year) every three months, for the privilege of being a
member.

Apart from this tax levied by the guild, the freeman was required by company
law to attend the company feasts (for which he had to pay) and to submit to the
discipline of the company court and to searches of his property. The main purpose of
these was to check that the craftsman was producing goods of sufficient quality and
was not trying to sell wares which had not been approved by the company. Although
the regulation of products was important in the main companies it is unlikely that it had
such a great effect on the instrument makers, who traded in many companies whose
hierarchies knew little about their work and so probably could not have policed
thorough searches of their property.

The last main restriction on guild members concerned the number of apprentices
which they were allowed to bind. Generally only one or two apprentices were allowed
for a quite considerable time after the craftsman gained his freedom, while he
established his trade and consolidated his own knowledge.?> Thus Allen took on
Edward Blayton as his apprentice on the same day that he became free of the guild; he

was already well-established in his business, and presumably wanted to begin the

¥ An example of the kind of stipulations governing the binding of apprentices is to be found in the
Clockmakers” Company, as described in Loomes, Early Clockmakers. The Clockmakers were
unusually strict compared to other guilds at this time, but it gives an indication of the regulations set
concerning apprentices:
“The number of apprentices permitted to any member varied over the years, is difficult to pin
down, and in any case was frequently exceeded either with official consent or without it. A
member of the Clockmakers’ Company was limited to one apprentice for the first five years of
his Freedom, and to two when the first one had completed his five years. However, it was
quite possible to break this rule so long as a fine was paid - you could do almost anything
with official approval if you agreed to pay a big enough fine. The alternative was to go ahead
and do it anyway, but if you were found out then you would still have to pay a fine.
Sometimes second apprentices were allowed within the five-year term; later a third one or even
more.’
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process of training skilled assistants as soon as possible, and to expand his workshop
in the process. Judging by the dates of freedom of the next two, John Blighton
(perhaps a relation of Blayton) was bound shortly after this, and then there was a gap
of about three years until Thomas Shewswell was taken on. It is certain that John
Allen26 was bound to his master on 25th June 1617, and that Henry Sefton entered the
Allen workshop on 16th August 1620, to replace Blighton, who gained his freedom on

that same day.?’

Allen’s early years as a freeman of the city

As has been mentioned, Elias Allen’s first trading address, according to
Hopton’s Speculum Topographicum, was in Black Horse Alley. However, he moved
back into the parish of St. Clement’s at some point before 28th November 1613, on
which day ‘Elsabeth Allyn daughter of Ellyas’ was baptised in the church.28 According

to an advertisement in John Speidell’s Geometricall Extraction of 1616, Allen was

living ‘ouer against S’. Clements Church in the Strand’.?® The similarity of this
address to that of Whitwell suggests that Allen took over his master’s workshop at
some point during the five years following Whitwell’s death, and one would suspect
that it would have been fairly early in this period.

Once again, we know relatively little about Allen’s life at this time. He took his
first apprentices, Edward Blayton and John Blighton, the latter apparently proceeding
to a flourishing business of his own, if we can judge by the number of apprentices he
himself took.3? The addition of Shewswell and John Allen brought the total to four - a

large number of apprentices for a young master to have at one time; in fact, it was

26 Named by Taylor as Elias Allen’s son. However, John would have been to old for this to have been
the case (born when Elias was about fifteen) and besides, later evidence indicates that Elias’ sole
surviving issue at the time of his death (when John Allen was still alive) was his daughter Elizabeth.
Allen was a common enough name for it to be possible that there was no family connection between
Ehe two. Equally well, John may have been a nephew or a young cousin.

“TFull details of all Allen’s apprentices are to be found in Appendix 2. The information with respect
to binding and freedom dates comes from the Wardens’ Accounts of the Grocers’ Company (Guildhall
L\gs 11,571) and the List of Apprentice bindings in the Clockmakers’ Company (Guildhall MS 3939).
;9 St. Clement Dane’s Baptism Registers, vol.1, loc. cit.

;0 Speidell, A Geometricall Extraction (London, 1616), sig.A4 verso.

> See below, p.83.
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probably more than was strictly allowed, and one can only conjecture as to how Allen
managed to keep all of his trainees. Perhaps the fact that he lived outside the city walls
meant that he was free to make some of his own rules; perhaps the Grocers’ Company
had simply grown lax over apprenticeship rules by this point.

Meanwhile, the young Allen family struggled to increase. Sara’s burial was
recorded on 6th January 1613 (OS)3! and a third son, Elias, was buried two days after
his baptism, which took place on 28th May 1615. An Abraham Allen, son of Elyas
was baptised in St. Margaret’s, Westminster, on 23rd November 1616: he probably
belonged to the same family.?> Mary’s life was little longer than Elias’ - baptised on
23rd October 1618 and buried five days later. The baptism record of Henry on 12th
December 1619 has the first mention of Elizabeth as the name of Allen’s wife; she is
also recorded in the entries for the baptisms of the last two children. These were a
second Sarah, christened on 4th February 1620 (OS), and a final daughter, whosé first
name is illegible (but may possibly have been Allyson), baptised in St. Olave’s, Silver
Street (near the Guildhall), on 22nd September 1622.33 Sarah seems to have been an
ill-fated name for the Allens: the burial record of their penultimate daughter on 7th
September 1624 is the last entry relating to the family in the St. Clement Dane’s
registers for several years.

During this period the young master craftsman was beginning to establish
himself as the main supplier of brass and silver instruments and to make links with
various London-dwelling mathematicians. As has been indicated already, he was
recommended by Arthur Hopton (a surveyor and acquaintance of Edward Wright) and
John Speidell (a professional teacher of applied mathematics). Allen was also
recommended in the major surveying textbook to be published at this time: Aaron

Rathborne’s The Surveyor. In this book we learn that ‘the making of [all brass

31 St. Clement Dane’s Burial Registers, vol.1, loc. cit. All referencesin this paragraph are taken from
lhe St. Clement’s Registers unless otherwise stated.

32 Memorials of St. Margaret’s Church Westminster, ed. A.M. Burke, (London, 1914), p.94. Elias
Was an uncommon enough name for this to be correct: the only other entries for Elias Allen as a father
;ﬂ the International Genealogical Index around this time clearly refer to the instrument maker.

3 St. Olave’ s, Silver Street, Parish Registers, Guildhall MSS 6534 & 6534A, loc. cit. It is not clear
Why two of the baptisms occurredin churches other than St. Clement’s.
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curveying instruments| are well known to M. ELIAS ALLEN in the Strand’34
Rathborne was known to be friends with both Speidell and also the Gresham professor
of geometry, Henry Briggs. Allen was clearly creating a niche for himself among the
mathematical community of his day and beginning to establish connections which
would bring him into contact with the most important mathematicians of the time.

The instruments which survive from this period are a somewhat eclectic set.
Those which are dated are a mariner’s astrolabe of 1616 and an astronomical
compendium presented to James I in the following year.3> Both pieces show Allen’s
mastery of his trade and his skill in engraving. The mariner’s astrolabe is unusual in
carrying Allen’s signature stamped into the metal in capital letters, rather than in the
flowing script which we are used to seeing on his work. The other instruments which
probably date from this period are the plane table alidade and the sector in the collection
of the National Maritime Museum.3¢ The alidade betrays a certain shakiness in the
signature and the unusual combination of upright Roman ‘E’ and flowing ‘copperplate’
‘A’ reflects the style of the 1606 sundial. The sector is an interesting piece: it betrays
some of the features of a Gunter sector but does not follow the design illustrated in that
mathematician’s book on the instrument of 1623. This may have been an instrument
designed by Allen at the behest of someone in possession of Gunter’s earlier Latin
manuscript?’ and was made circa 1620. The reason for the eclecticism may simply be
due to the selective nature of the surviving instrumental record, but it might be an
indication of Allen producing instruments for whoever would commission him,
whether they were mariners, surveyors, astronomers or gentlemen amateurs. It was a
time when Allen was attempting to create a foundation upon which his trade could
flourish, and to create connections which would last into the future. To this end he

would have been likely to be ready to cater to the needs of anyone who was prepared to

;“5‘ Rathborne, The Surveyor (London, 1616), p.131.
L Cat. nos. X5and Al.

Cat. nos. X3 and S5.

Cf. Gunter’s comment in De Sectore, p.143.
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purchase his wares, and to bide his time before dictating the type of instruments which

were to become the staple trade of his workshop.

Dominance in the trade

During the third decade of the seventeenth century Allen appears to have
consolidated his position in the mathematical community and established himself as an
indispensable part of that structure. His fame seems to have grown considerably
during this time and he formed solid links with the major mathematicians, who then
acted as important agents for him, recommending him to their mathematically-minded
friends and supplying him with designs for new instruments. In particular, Allen
gained greatly from his association with Edmund Gunter and William Oughtred. The
instruments which these two mathematicians devised form the core of the extant
collection of Allen’s work and, while vagaries of survival must be taken iﬁto account,
this would indicate that it was these instruments that were most often purchased from
Allen’s workshop and which constituted the heart of his trade.

Allen’s association with Gunter may well have quite early origins. As I have
commented already, the National Maritime Museum sector seems to bear the signs of
the instrument maker’s attempts to produce a sector following Gunter’s Latin
manuscript on the instrument which had been circulating among the mathematical
practitioners of London. Perhaps it was through such instruments as these that Allen
first came to Gunter’s notice; alternatively it may have been Allen’s links with John
Speidell, who was a long-standing friend of Henry Briggs, the latter being a close
friend of Gunter himself. Gunter had been living in London since 1615, when he
became incumbent of St. George’s, Southwark. Four years later his second application
for the Gresham chair of astronomy was successful and he took up residence in the

College. Thus Gunter was resident in London from early in Allen’s career as a master

craftsman and may well have formed a link with him at this time.
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The first concrete evidence of Allen’s association with Gunter dates from 1623.
It is a Gunter sector (now in the collection of the Science Museum) which carries the
legend ‘Elias Allen fecit 1623’ .38 This instrument is well-nigh identical in form3° to the
engraving in Gunter’s famous work on the sector, De Sectore et Radio, which, in the
first edition, is inscribed:

‘These instruments are wrought in brasse by Elias Allen dwelling without

Tempel barre ouer against St Clements Church: and in wood by Iohn

Thompson dwelling in Hosiar lane’#0
and which appeared in the same year.! The engraving is clearly the work of Allen and
was presumably produced in close collaboration with the author. From this time
onwards, judging by the surviving evidence, the sector became a staple constituent of
Allen’s stock-in-trade. The Gunter quadrant, another instrument featured in De Sectore
et Radio, is also represented in the catalogue of Allen’s works: there is one iﬁ a private
collection and the Whipple Museum has two examples.

Allen’s association with William Oughtred probably began later than that with
Gunter. Although Oughtred was friendly with Briggs from well before 1618,
according to his own accounts, and first made acquaintance with Gunter at that time, he
did not stay long in London, being rector of the parish of Albury in Surrey. It was
through this position that he came to the notice of the Earl of Arundel, who had a
residence in Oughtred’s parish. Arundel appointed Oughtred as tutor to his son, Lord
Howard, and, as a result, the mathematician came to be a part of the London circle of
mathematicians, since he began to spend significant portions of time at Arundel House
in the Strand, from the mid-1620s. It is probable that his close association with Allen
dates from his residence at the Earl’s house, which was only a few minutes’ walk from
the instrument maker’s workshop. What is certain is that, by 1627, a strong link had

been forged between the two, sufficient for Allen to turn to Oughtred for advice in

38 Cat. no. S2.
® The only difference is that the names of the lines are omitted from the actual instrument although
}hey appearin the engraving.

Edmund Gunter, De Sectore, opening plate.

Or possibly early in 1624 - the dating of the first edition of this book is very confused, with 1623
appearing on some title pages and 1624 on others.
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constructing a New Year’s gift for the King. (This incident formed, according to
Oughtred, part of the origin of the major dispute which arose between himself and
Richard Delamain, in which Allen played a significant part and of which more will be
said later.)

Allen’s link with Oughtred was to prove a very fruitful one, providing him with
several of his most important instruments - the horizontal projection, the equinoctial
ring dial and the circles of proportion. The connection was no doubt fostered by one of
Allen’s apprentices, Christopher Brooke(s), becoming Oughtred’s son-in-law, and the
two appear to have remained close throughout the remainder of Allen’s life. Certainly,
we find that the link remained sufficiently strong for Oughtred’s pupil, Jonas Moore, to
be resident at Allen’s house in 1649+ and for Oughtred to be recommending Allen as a
maker of his instruments as late as 1652, in the second edition of The Description and
Use of the Double Horizontall Dyall.

These connections with Gunter and Oughtred must have done much to increase
Allen’s standing in the community. Commissions from such important mathematicians
to produce instruments from their designs raised his status, and provided him with new
items to sell in his workshop, which was rapidly becoming an indispensable part of the

mathematical community of London.

At the same time as Allen was forming links with the professional
mathematicians and their associates, he was also building up his workshop. John
Blighton and Thomas Shewswell were replaced by new apprentices - Henry Sefton and
Robert Davenport (the latter bound on 25th March 1623). John Allen appears to have
decided to remain a member of the establishment through this decade, and no doubt
rose to the rank of journeyman at this time. A further two apprentices were taken by
Allenin 1629: Christopher Brooke was bound on 21st August of that year and Edward

Winckfeild (sic) was added to the roll on 29th September. The increasing number of

42 cr. Moore, Moore’s Arithmetick (London, 1650), sig.A6 verso.
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people working within Allen’s walls indicates that the quantity of instruments which he
was selling was increasing at the same time, and all the evidence seems to point to a
burgeoning trade for the master.

Through this period we also find indications of Allen’s good business sense, of
which he made full use in order to establish himself and to draw trade into his
workshop. Apart from his engraving in Gunter’s book there is little by way of printed
advertising from this period, although this was clearly something which had benefited
Allenin the past and was to do so again in the future. However, this may have more to
do with the fact that there was something of a dearth in the number of mathematical
books published during this decade in Britain compared with the 1610s and 1630s. Yet
Allen more than made up for the lack of printed advertisement by being ready to take
his chances as and when they appeared: he was equally well prepared to form links
with people of Royalist leaning as with those of a Puritan persuasion. Thus, while
being an associate of the non-conformist Henry Gellibrand and of Henry Briggs and
Edmund Gunter (who both had leanings towards the lower end of the Church), he was
also very close to Oughtred, who was a High Churchman, remaining a staunch
supporter of the Royalist cause throughout his life.®3

More importantly, Allen made sure that he had links with the court. The
astronomical compendium of 1617 (Cat. no. A1) was followed by another one for
Charles I, made in 1632 (Cat. no. A2). Allen was also said by Oughtred to have been
‘sworne his Majesties servant’# at some time before the autumn of 1627 and he seems
to have kept a lookout for new and original designs which he could construct for the

King’s amusement. Such a link with the court was very important for Allen since it

4 Information on the churchmanship of the Gresham professors has been taken from Adamson, The
Foundation and Early History of Gresham College; Oughtred’s views are well documented in Cajori,
William Oughtred.

et Oughtred, To the English Gentrie...The just Apologie of WIL: OVGHTRED, against the slaunderous
insimulations of RICHARD DELAMAIN (London, 1633), sig.B4 verso. I have found no referenceto this
appointment in the state papers and Turner’s reference (in ‘William Oughtred, Richard Delamain and the
Horizontal Instrument in Seventeenth Century England’ in Annali dell’Istituto e Museo di Storia della
Scienza di Firenze, anno vi (1981), p.110, note 42) to an entry for 26th February 1629 must be treated
With caution: the entry speaks only of ‘one Allen’, and Allen was a common surname.
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was a useful piece of publicity to be able to describe himself as making instruments
which the King himself used. This kind of connection would have been a major
selling-point for his work and would have attracted the patronage of other members of
the court circle who were interested in mathematics. The expense of brass instruments
no doubt meant that Allen had to cultivate a market among the aristocracy and gentry,

and in this he clearly succeeded.

Allen’s manipulation of events to improve his position is nowhere more
obvious than in the dispute which raged between Oughtred and his former pupil,
Richard Delamain, for several years and which embroiled the instrument maker. This
dispute has been discussed at length by Cajori in his biography of Oughtred, by Turner
in his 1981 article on the horizontal instrument and by Bryden in his bibliographical
study of Delamain’s work, and has been touched upon by numerous other hiétorians.'—‘-S
Unsurprisingly, these writings have tended to focus on the two mathematicians and
their wranglings. It is not my intention to consider the main issues of the controversy
here but rather on Allen’s role in the dispute.* This has gained little attention, but the
dispute in fact provides a remarkable insight into the part which the instrument maker
played in the events, his position in the community and the way in which he used the
dispute to his own advantage.

The quarrel between Oughtred and Delamain began in earnest only in the early

1630s, but its origins date back to about 1627 according to Oughtred’s account of the

o Cajori, William Oughtred; A.J. Turner, ‘William Oughtred...”; Bryden ‘A Patchery and Confusion of
Disjointed Stuffe: Richard Delamain’s Grammelogia of 1631/33’ in Transactions of the Cambridge
Bibliographical Society, 6 (1974), pp.158-166. See also E.G.R. Taylor, Mathematical Practitioners;
A.J. Tumner, ‘Mathematical Instruments’; Frances Willmoth, Sir Jonas Moore: Practical Mathematics
and Restoration Science (Woodbridge, 1993), pp.48-49.

™ The question of priority of invention is discussed in Chapter Five. Questions of priority were an
Important issue in the seventeenth century, hence the bitterness which was felt by those who believed
that their designs or theories had been stolen by contemporaries.
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proceedings. 47 This was the point when Allen asked Oughtred for suggestions about a
possible New Year gift for the King. Oughtred replied:
‘I have heard his Majesty delighted much in the great concave Dyall at White-
hall: and what fitter Instrument could he have then my Horizontall, which was
the very same represented in flat? and that [ would upon the backeside set the
theorics of the Sun and Moone. And so by help of both sides Eclipses might be
calculated with great facility.’#8
This was an instrument which Oughtred claimed to have devised some twenty-five
years earlier, to have presented to the Bishop of Winchester who ordained him, and to
have shown in detail to Briggs and Gunter while on a visit to Gresham College. Indeed
Gunter had later published a representation of the horizontal projection (unattributed to
any designer) in De Sectore et Radio,* which seems (from Oughtred’s tone in the
Apologie) to have led to a significant cooling of relations between the two
mathematicians.

Elias Allen was pleased with Oughtred’s suggestion and began work on the
instrument at once. However, he soon ran into difficulties and asked Oughtred for help,
which the mathematician supplied in a letter of 3rd December, 1627. In this letter
Oughtred
‘taught him the uses of the Instrument especially the Horizontall: and afteward
the fabric or delineation of it: and how to find the semidiameters and centers of
the severall circles both great and lesser, and the way to divide them. Which

letter Master Allen yet keepeth:...and which Delamain confesseth he saw .’

471t should be noted here that the vast majority of the evidence for the events comes from the books of
the two protagonists and so should be treated with a certain amount of caution. Oughtred’s point of
view is expressed in his To the English Gentrie...The just Apologie. Despite its title it was probably
intended for those who were interested in buying the circles of proportion or the horizontal instrument,
ig it appearedin the 1633 edition of The Circles of Proportion.

o Oughtred, To the English Gentrie..., sig.B4 verso.

Guntel De Sectore, p.65.
% Oughtred To the English Genitrie..., sig.B4 verso.
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The next section of Oughtred’s Apologie is worth quoting at length because it is
here that we meet with Allen’s greatest involvement in the dispute:
‘For some good tract of time after this, when I was now in my Lords [i.e.
Arundel’s] service, and Delamain frequented my chamber: One day after he was
gone downe: another man came up and told me, that Delamain was in Master
Allens shop showing unto diverse a little Instrument in brasse of a triangular or
rather harpe-like forme, with which he could performe all the questions of the
Globe for any part of the world, and make Dialls, and describe Countries, and
carry Mines under the earth as farre as betweene Temple barre and Westminster,
and such like wonders, which I knew impossible for any such Instrument to
performe.’
Oughtred was surprised at this, since Delamain had made no mention of the instrument
earlierin the day, but his informant was adamant and Oughtred decided to go and see
for himself:
‘I came to Elias Allens shop; but [Delamain] was gone. I told Elias Allen what 1
had heard: and said I would goe to his house, and see it. I came to his house
pretending some other occasion. He shewed me a great quadrant of Gemma
Frisius he had begunne: and after that a quarter of the Analemma: which I
viewing told him that the Meridians were falsely drawne.... Well, at last I
asked him for the strange Instrument he had shewed: and would not be
answered but he must needs shew it me: which with much tergiversation he did.
Tush said I, this is nothing but halfe my Horizontall which he also
acknowledging: I asked who drew it? my selfe said he. Is it possible said I that
you that cannot make the Analemma, should draw this projection? Doe you
know the use of it? Yes said he: I have written some notes of the uses of it: and
shewed me some papers: which I looking upon saw the very notes I had

declared in my letter to Master Allen: but here and there the words disguised

after his owne apprehension.’
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On his homeward journey, Oughtred called in again at Allen’s workshop and said:
‘] pray answer me a question, but answer me truely. He perceiving what I
meant to aske, prevented me with these words, indeed I did: he had the letter of
me a whole fortnight, almost as soone as you sent it: and I beleeve he writ it
out: for the summer following, unknowne to me, he got my servant to make it
for him: for which I was angry. The rest of this businesse let Master Allen
himselfe tell you.’>!
Such is Oughtred’s account of the proceedings. Delamain, for his part, claimed that he
took the projection directly from Gunter’s account in De Sectore et Radio but offered
no explanation as to the origin of his knowledge of the use of the instrument (only the
very briefest of descriptions is provided by Gunter). However, it appears that no
significant break between Oughtred and his former pupil occurred at this time, since
Oughtred goes on to mention that he later discussed the proofs of Delamaiﬁ’s book on
the horizontal projection with him, during the latter part of 1630.52 This followed on
from William Forster (another pupil)’s persuasion of Oughtred to allow him to publish
translations of notes which the mathematician had written on both the horizontal
projection and the circles of proportion (Oughtred’s circular slide rule). It would seem
that Oughtred was assuming that Delamain would delay the publication of his book
until Forster’s translation had appeared.

It was only with the pre-emptive appearance of Delamain’s Grammelogia (his
version of the circles of proportion) in January 1630 (OS) and the Making, description
andvse of a small portable Instrument for ye Pocket (or according to any Magnitude) in
Jorm of a mixt Trapezia thus Called a Horizontall Quadrant in 1632 that the final
breakdown of relations occurred. The publication of the Grammelogia had already
embittered relations, since Delamain succeeded in obtaining royal patronage of his book

and a monopoly on his version of the instrument, thus forcing Oughtred to alter his

; Ibid., sig.B4 verso - C1 recto.
= Ibid., sig.C2 verso.
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design. Delamain’s second book was the last straw and prompted a vitriolic attack by
Forster in his preface to The Circles of Proportion and the Horizontall Instrviment. This
in turn led eventually to the bitter wrangling in the second edition of the Grammelogia
and in The just Apologie.

Apart from the evidence in Oughtred’s account, the close connection which
Allen had with the whole incident is witnessed by the advertisements for his work
which appear in all three of the books. The advertisement in the Horizontal Quadrant
runs ‘This Instrument (or any other for the Mathematicall arts) are made in Silver, or
Brasse by Elias Allen or John Allen neare the Savoy in the Strand’3. That in the first
edition of the Grammelogia states that ‘This Instrument is made in Silver, or Brasse for
the Pocket, or at any other bignesse, over against Saint Clements Church without
Temple Barre, by Elias Allen.”>* Allen does not have a specific advertisement in The
Circles of Proportion and the Horizontall Instrvment but the fact that Oughtred had been
at pains to put work in the path of Allen by allowing these tracts to be published at all is
advertisement enough for the instrument maker.>> Interestingly, the second edition of
the Grammelogiarefers solely to John Allen: ‘These Instruments are made in Siluer or
Brasse by Iohn Allen neare the Sauoy in the Strand’.5

We encounter Allen at almost every turn in the path. The reason for the
appearance of Oughtred’s instruments in the first place seems largely to have been in
order to increase trade for the maker - Oughtred says of the circles of proportion that he
decided
“...if [Forster] would take the paines to translate some rules I had written into

English, we would bestow upon Elias Allen (if he shall thinke they may bee

3 Delamain, The Making and Vse of...a Horizontall Quadrant (London, 1632), facing title page. NB.
the address near the Savoy presumably only refers to John Allen, as witnessed by the advertisement (o
the second edition of the Grammelogia.

4 Delamain, Grammelogia (London, 1630 (OS)), p.22.

33 «..when at William Forsters request I was contented to give way that he might publish them, I had
not the least thought to be seene or acknowleded [sic] by them: but only to gratify and doe some good
2(6) Elias Allen,” (Oughtred, To the English Gentrie..., sig.B3 recto).

John Allen had moved out of the workshop by late 1629 and set up his own business above the
Savoy, according to an advertisement in Daniel Browne’s New Almanacke and Prognostication
for...1630 (London, 1630). See Bryden, ‘Evidence from Advertising’, p.309. However, he did not
receive his freedom from Elias Allen until 11th January 1631 (OS).




69

beneficiall to him) both those Circles of proportion, and also another
[nstrument,...at my comming up to London in Michaelmas Terme following
[1630], to attend my service, I did accordingly make a most free donation to
Elias Allen by the ingagement of my promise’.>’
It was almost certainly through Allen that Delamain came to know of the uses of the
horizontal projection, and it may possibly have also been by this route that Delamain
was able to begin his work on his circular slide rule in late 1630: that at least is what
Oughtred would like to have us believe and what he strongly implies in his attack. It
was in Allen’s workshop, during a discussion among mathematicians gathered there,
that Delamain’s horizontal quadrant first appeared in public, made, apparently, by Elias
Allen’s ‘servant’. It was Allen who saved Oughtred’s book on the circles of proportion
by suggesting an alternative form which would not violate the monopoly granted to
Delamain, as Oughtred readily admits: |

‘to come at last to a conclusion concerning the Instrument called the Circles of

Proportion, as it is set forth, not having, as I have said, the one halfe of my

intention upon it; nor with a second moveable circle and a thread; but with an

opening Index at the center (if so be that bee cause enough to make it to bee not

the same, but another Instrument) for my part I disclaime it: it may goe seeke

another Master: which for ought I know, will prove to be Elias Allen himselfe:

for at his request only I altered a little my rules from the use of the moveable

circle and the thread, to the two armes of an Index.’>8

The very close link between Allen and Oughtred is clearly seen here. Allen had

obviously gained much in terms of new instrument designs from his friend and also
advice about how to make and use the instruments. Although he was slow at first to
realise the designs as instruments they rapidly became a valuable source of income for
him, particularly the horizontal instrument, judging by the number of times that this

projection appears on extant sundials and also on the back of versions of the circles of

‘?7 Oughtred, To the English Gentrie..., sig.C3 verso - C4 recto.
B Ibid., sig.D1 recto.
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proportion of Allen’s making. However, we see that Allen was not averse to making
use of opportunities for further custom as and when they became available. He was
careful not to lose the favour of Delamain despite the increasingly acrimonious
relationship between the mathematical practitioner and his former teacher, and appears
to have remained on good terms with Delamain at least until after the publication of the
tract on the Horizontal Quadrant. The lack of advertisement for Allen in the second
edition of the Grammelogia suggests that matters had gone too far for the instrument
maker to be able to retain the connection. However, by this point the affair had
probably created sufficient publicity to boost his sales considerably, and Delamain
continued to advertise the work of Allen’s journeyman, John Allen, who was perhaps
the ‘servant’ referred to in Oughtred’s account.

Whether Allen was truly unaware of the making of the original horizontal

quadrant for Delamain, as he apparently claimed to Oughtred, is impossible to decide.

It would seem unlikely that an instrument of this complexity (with which even the
master had had problems when he first encountered it) could be produced by a ‘servant’
without any assistance and without his master being aware of any untoward activity.
One could conjecture that there was a certain amount of collaboration between Allen and
one of his more advanced apprentices or journeymen (perhaps John Allen) and that
Allen gave his reply to Oughtred in the way that would be least likely to rock that
relationship and lead to a cessation of commissions from that eminent mathematician.
Whatever the case, Oughtred was prepared to accept Allen’s explanation of events, and
not to allot any blame to the maker. In fact, the only time that Oughtred makes any
depreciative comment about Allenis when he suggests that it would have been better if
Allen had been a little quicker to finish his work on the horizontal instrument, rather
than leaving it at such a point that Delamain felt it to be neglected by instrument maker
and mathematician alike. Oughtred continued to patronise Elias Allen and the latter’s

workshop and reputation grew and flourished.




¢Chief of the Mathematical Instrument Makers’
We have already seen from the Oughtred-Delamain controversy that by 1630

Elias Allen’s workshop was certainly being used by those interested in mathematics as
meeting-place for discussion and for demonstrating new inventions*® as well as for
purchasing the latest instrumental innovations. There are various mentions of the
workshop ‘over against St. Clement’s Church’ in letters from this period, mostly to or
from Oughtred. Thus William Robinson wrote to Oughtred in 1633,

‘I have light upon your little book of artificial guaging, wherewith I am much

taken, but I want the rod, neither could I get a sight of one of them at the time,

because Mr. Allen had none left. The nature of this book requires instrumental

operation, and therefore is well accommodated thereto. I forgot to ask Mr.

Allen the price of one of them, which if not much I would have one of them.’%0

Writing in 1657, the botanist, John Beale, commented to Samuel Hartlib that ‘above

20. yeares agoe, | was with Elias Allen over against Clements Church, whilst hee made
the Ring-Diall, universall for all Climats. ¢!
By 1642, and surely well before this date, Allen’s address was being used as a
clearing-house for letters, as witness one from William Price to Oughtred from 2nd
June of that year:
‘Sir, I have been beholding to Mr. Elias Allen for the conveyance of this letter;
and if you will vouchsafe me the favour, at your best leisure, to return me two
or three lines in answer, and cause it to be left with Mr. Allen for me, I shall
rest very thankful for the courtesy’.%2

That Allen’s workshop continued to be a casual meeting place is confirmed by a letter

from John Twysden, again to Oughtred:

:9 See Oughtred’s description of Delamain’s display of his horizontal quadrant (reproduced on p.66).
ngaud Correspondence, pp.17-18.

A 61 Beale to Hartlib, 14 August 1657, Royal Society, Boyle Letters 7.5.
2 Rigaud, Correspondence, p.60.
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‘The result of my work, according to both your rules, you will find hereto

annexed, in which I am bold to beg your judgment where my fault may be, or a

farther explication of the same, being assured of your civility and goodness,
and glad also to snatch any occasion to renew that little acquaintance I formerly
have had of you by our casual meeting at Mr. Allen’s in the Strand, by whose
means I send this, and who will do me the favour to return your answer
hereunto, if you shall please to send it to him’.%3

Meanwhile, Allen’s advertisements in books began to pick up once more.**
There was the spate of notices in the publications of Delamainand Oughtred in the early
1630s, and these were followed by the second edition of De Sectore et Radio in 1636.
In 1634, William Barton’s Arithmeticke Abreviated had carried the information that
Napier’s bones were ‘made in Brasse by Mr. Elias Allen, over against St. Clements
Church, without Temple Barre’®> and John Wyberd’s Homlagiographid Nocturna
recommended Allen’s shop (where ‘all sorts of Mathematicall Instruments and also
horizontall Sunne-Dyalls in brasse’ were produced) as the best place to obtain a
horizontal dial for adaptation to a lunar dial.%®

It would probably be true to say that Allen was no longer urgently in need of the

extra publicity which came to him through these advertisements. His trade was
blooming and he received some important commissions during this period. Apart from
the astronomical compendium which he made for the King (probably through his own
initiative) he also produced a circles of proportion, with Oughtred’s horizontal
projection on the back, which was presented to St. John’s College, Oxford, by George
Barkham. In 1631 he supplied Thomas James’ expedition to search for the Northwest

Passage with a set of compass needles.” An octagonal sundial was given by Allen to

63 Ibid., p.68.
65 For a full list of advertisements for Allen’s instruments, see Appendix 3.
- Barton, Arithmeticke Abreviated (London, 1634), p-20.
Wyberd, Horologiographia Nocturna (London, 1639), p.14.
James, The Strange and Dangerovs Voyage of Capiaine Thomas lames (London, 1633), sig.Q1
Verso.




73

the parish of Ashurst, near Tonbridge in Kent (from which comes the suggestion that
this was the place of his birth) in 1634. Three years later he made a six-foot
astronomical quadrant for use by the astronomer John Greaves, at that time professor
of geometry at Gresham College but later to take up the post of Savilean Professor of
Astronomy in Oxford. This last piece is the only evidence for large-scale work by Elias
Allen: the vast majority of the surviving pieces are all under two feet in dimension and
many are considerably smaller, measuring only a few inches across.®®

One further point of interest relating to this period comes from a passing
comment made by Robert Hooke in the course of one of his lectures many years later.
In a discourse on navigation and the measurement of degrees of longitude he mentions
that ‘the Standard Foot we now use was since that time [1635] agreed upon by a Club

of our Mathematical Instrument-makers, of whom Mr. Elias Allen was the chief’.%°

Here we have further evidence of the important position which Allen held in the

mathematical community of London. Not only that, but we are shown that his fame
was to outlive him by many years - this particular lecture was given in 1683.

It is hardly surprising that with such a formidable reputation now as an
instrument maker, Allen began to turn his mind to the question of advancement within
the political system of the merchants of London. There may have been relatively little
chance of an opening in the large Grocers’ Company, particularly for a master who was
not a practising grocer, and so it may be for this reason that Allen made a move towards

the newly-formed Company of the Clockmakers.

23 For more details of these instruments see Cat. nos. A2, C2, X2 and X6.

i Hooke, The Posthumous Works of Robert Hooke (London, 1705), p.457. We have no further
Information either about this instrument makers’ club (perhaps a rather informal group), or about the
Standardisation of the foot.




Allen in the Clockmakers’ Company”®

The Clockmakers of London had been petitioning the King for permission to
found their own company for more than ten years. In 1622 they were turned down by
James in their search for a charter, but their plea to Charles in 1629 met with more
success: on 22nd August 1631 a charter was issued by the King, and the Worshipful
Company of Clockmakers came into existence. The guild had been established in order
to support the interests of the growing number of clockmakers and watchmakers in the
capital. They also saw themselves as the natural home of the instrument makers, since
the making of mathematical instruments was more akin to the construction of clocks
than to any other craft in the city. Some instrument makers were glad to be able to be
connected to a company which was closer to their trade than the goldsmiths, the joiners
or the grocers, and readily took the chance to become brothers of the new company
(this was a kind of associate membership - freedom of two guilds at once was not
permitted). However, others resented the pressure placed on them to switch their
allegiance to the new guild, particularly since the Clockmakers’ Company was
considerably more rigid in its regulations and their observance than the older guilds
which had grown lax over the years.

Although Elias Allen had had no public part in the establishment of the new
company, he was very ready to take advantage of its existence once it had been
founded. He was well known in his own trade as the best maker in brass to be found
and had few worries over sustaining the seniority of his position. In his own Grocers’
Guild he had little chance of gaining any real power: the Grocers were one of the largest
livery companies in London, and the ruling elite were almost exclusively drawn from
the bona fide grocers. However, in becoming attached to the Clockmakers’ Company
Allen, with his formidable reputation, was in a good position to earn himself some

political influence within the government of the merchant class of the city.

70 Most of the information relating to this company is taken from Loomes, Early Clockmakers.
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By tradition, entry into the livery of a company was guarded by the higher
echelons of the guild. It was the task of the ruling council of the company to choose
who could be granted the honour to become a steward of the company and thus to place
their feet on the first rung of the ladder. This could be something of a mixed blessing:
it was indeed a privilege to be selected as a steward and to have the possibility of
ascending to the position of assistant and perhaps even higher. However, the stewards
were expected to pay for and organise the company’s Annual Feast (this was the main
purpose for which they were appointed). Stewards served for one year and it was from
their ranks that the assistants of the guild were selected.

The ten or so assistants were the most junior members of the court of the
company and were expected to pay £6 13s 4d for the privilege. However, the office of
assistant was held for life, thus guaranteeing a continuing influence on the government
of the guild. The most senior assistants went on to become Wardens in the Company
and eventually to hold the position of Master. These senior offices were held for a year
at a time, in rotation, by appointing an assistant to the office of Junior, Middle and
Senior Wardenships in turn, and then to the post of Master, which he would hold for a
year, after which he would return to the rank of Assistant once more. This does not
mean that Assistants automatically ascended to the higher ranks: some were never
offered these posts, and remained at the lower end of the council for the rest of their
working lives.

As has been said, the appointment to the post of Steward or Assistant was
something of a mixed blessing since the financial outlay was considerable. However,
the appointment, once made, was not considered to be optional, and some members
were forced to pay out sums of money that they could ill afford to lose, while others
went to quite some lengths to avoid having to take on the extra responsibilities.

Nevertheless, for those who could afford it, a place on the council was an opening to a

great deal of authority and influence in the guild.
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Elias Allen became an assistant in the Clockmakers” Company on 3rd October
1633,7! just two years after its creation. This was despite the fact that he appears never
to have become an official member of the guild.”> On 18th January 1635 (OS) he took
on the responsibilities of the Renter Warden or Treasurer”® and this was followed a year
and a day later by promotion to the Mastership (a post which he in fact held for eighteen
months, until 29th July, 1638).74 Within six years of the establishment of the new
company, the best mathematical instrument maker in London had reached the highest
position in a guild to which he did not officially belong, and no doubt he retained his
influence on the ruling council from that time on. It is a measure of his importance
within the trade that he could have risen so high so fast, and it is at this time that we see
the master maker at the height of his powers.

Allen also made use of the Clockmakers’ Company to obtain more apprentices.

Although it was forbidden by company law for associate members who were not

freemen to bind apprentices directly, the option was available for apprentices to be
bound to one master and then turned over to another master to learn their trade. This
second master did not have to be a member of the company, as long as he was a
freeman of the City, by virtue of his membership of another guild. In this manner,
Allen took on four apprentices over and above those he already had bound to him
through the Grocers’ Company. Ralph Greatorex was bound on 25th March 1639 and
Edward Grimes almost two years later (15th March 1640 (OS)), through Thomas
Dawson and Richard Masterson respectively, while the good offices of Thomas Alcock
provided Allen with two further apprentices - Withers Cheney and John Prujean - on

13th April and 16th May 1646. It is perhaps noteworthy that these three associates of

71 Minutes of the Clockmakers’ Company, Guildhall MS 2710, vol.1, £.10: “This Court Mr Elias
Allen & Mr Peter Closon were admitted and sworne Assistants & did faithfully promise to pay 6' 13°
4% each of them the 10th of Novem. next following y*¢ date hereof unto Mr John Harris renter Warden
%)pointed by this Court to receiveit.’

The company minutes have no recordof Allen’s entry into the guild.

These responsibilities apparently included bearing the brunt of disgruntled Guild members’
annoyance: ‘The same day [18th Jan 1635 (OS)] Thomas Hill a dyall maker at y* Tower had 4 pocket
dyalls Cutt & did affront Mr Allen with opprobrious words.” (Minutes, op. cit.)

Minutes of the Clockmakers’ Company, vol.1, .17: ‘The Court aforesaid were in nominacon for M*
for ¥° yeare ensuing Mr Charleston Mr Allin & Mr Harris & Mr Allen was freely elected M".”
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Allen all held important posts early in the history of the Clockmakers’ Company.

Thomas Alcock became an assistant in 1638 and a Warden in 1645, although he never
succeeded to the Mastership; Thomas Dawson was a petitioner for the original charter
and became a free brother of the company shortly after its foundation; Richard
Masterson became an assistant at the same time as Allen, rose to the office of Warden in
1637 and held the Mastership in 1642.75 The Thomas Dawson mentioned here may
well have been the same man who married Elias’ daughter, Elizabeth, on 28th March
1630.76

Through his association with the Clockmaker’s Company, Allen established a
position of power and authority for himself, which presumably aided the growth of his
trade. He also created craft successions for himself in two guilds, both of which would

give rise to eminent makers during the eighteenth and nineteenth centuries.

A pictorial tribute

By the late 1630s Elias Allen was an important man indeed. His workshop
thrived, he was on good terms with some of the greatest mathematicians of the period,
and he wielded considerable power within his adoptive company. To crown his
success he had his portrait painted, an unusual event indeed for an instrument maker.
The painting was the work of Hendrik van der Borcht and although the original has not
survived, an engraving was made of it in 1660 (possibly 166677) by the celebrated
artist, Wenceslaus Hollar; this is the sole source of our knowledge of Allen’s personal
appearance.

The picture shows a middle-aged man seated at his work bench with the tools of
his trade strewn around him. He is wearing very austere clothes - a dark coat, buttoned
down the front is trimmed with simple white cuffs and a broad, plain, white collar -

Wwhich might indicate a Puritan background, or possibly a political stance favouring the

72 Information from Loomes, Early Clockmakers.
St: Clement Dane’s Marriage Registers, vol.1, loc. cit.
Itis impossible to decipher the final digit from the engraving.
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Parliamentarians. His straggling hair is cut well above the shoulder; his forehead is
Jargely bald, although he sports a thick, close-cropped beard and an expansive
moustache beneath his prominent (even bulbous) nose. His eyes are narrowed and
‘there is no hint of a smile on the lips: instrument-making is clearly a serious business.

Allen’s right forearm rests on the bench in front of him and he is pictured
holding a pair of dividers. The remainder of the bench is occupied with a tight clutter
of instruments. We notice a horizontal sundial, complete with ornamental gnomon, and
an equinoctial ring dial of Oughtred’s design. The other items are all parts of a
Rathborne peractor which Allen s in the process of assembling. His left hand supports
the circumferentor base, which rests against his chest; the horizontal dial obscures most
of the altitude quadrant (the peractor proper) and its alidade (with sights as yet
incomplete); the sights for the circumferentor and the ball and socket joint for fitting the
circumferentor to its staff lie on the bench. On the wall behind Allen’s left- shoulder
hang a quadrant, with several simple degree scales inscribed on it, and a sector.
Beneath these, a rack supports a variety of chisels and other tools. The back wall is
completely plain and devoid of drapes of any description.

The existence of the Hollar engraving (along with the portrait of Oughtred
mentioned in the introduction) is almost certainly a direct result of the links of all these
people with Arundel House, which lay so close to Allen’s workshop, and with the Earl
of Arundel himself, Thomas Howard. Howard was Oughtred’s most prominent patron
and it was at Arundel House that Oughtred resided when he was in London. The Earl
had also gathered both van der Borcht and Hollar under his wing when on his travels in
the German states. He had recruited them to his service, and by 1637 they were both
established at Arundel House, van der Borcht as curator of the Earl’s extensive art
collection and Hollar with a commission to produce engravings of the pictures forming
the collection. Van der Borcht held his post until 1642 and so it is likely that the

portrait of Allen was made at