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Introduction

In a 2016 article for the Bulletin of the Sci-
entific Instrument Society, Boris Jardine ex-
amined a curious two-foot folding rule made
by the London instrument-maker Henry Sut-
ton in 1635, now held at the Whipple Muse-
um in Cambridge (henceforth referred to as
Wh.6239).

Engraved with the inscription ‘Mr. John
Reynolds Diagonall Line for gauging of Cask
&e’, Wh.6239 is small, pertable, and — by
seventeenth-century standards — mechanically
innovative (Fig. 1). The instrument was first
briefly described by Richard Knight shortly
before its acquisition by the Whipple Museum
of the History of Science in Cambridge, with
Jardine later elaborating on its features and
historical significance.? The rule itself is made
of boxwood and folds into four sections. One
side bears a standard twelve-inch line along-
side a double logarithmic scale; another is
dedicated to board and timber measures; and a
third and fourth side contain halves of a four-
foot diagonal, specifically designed for calcu-
lating the volume of casks (Figs 2 and 3).

Jardine's article recovered Mr John Reynolds'
likely identity — not the earlier instrument-
maker previously assumed by Knight, but
rather a lesser-known Mint official and math-
ematical practitioner active in London.* More
significantly, Jardine positions barrel gaug-
ing instruments — discovered to be the utility
of Wh.6239 — as central objects within the
fraught political landscape of measurement
and taxation that emerged alongside, and fol-
lowing England’s establishment of excise in
1643.% According to Jardine, Wh.6239 is an
example of mid-seventeenth century ingenu-
ily, combining mathematical computation
with mercantilist utility in the way of its mul-
tiple uses. For example, the board and timber
scale on Wh.6239 is identical to the measure-
ments found on a brass sector made a century
prior by Humphrey Cole.® In light of this,
Wh.6239 offers a curious window into some-
thing far more significant: a decades-long
contest over mathematical legitimacy, state
revenue, and the authority of instruments in
Restoration England.”

This article revisits Wh.6239 not merely as an
example of mid-seventeenth-century crafts-
manship, but as a material response to the
contested world of excise measurement and
fiscal governance that followed the Excise
Ordinance of 1643 — an environment shaped,
in part, by the earlier formation of an ad hoc
committee in 1641, as reported by the math-
ematician John Wybard in his Tactometria to
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Fig. 1 Henry Sutton’s two-foot folding rule (Wh.6239), c. 1635, designed to John Reynolds’
specifications. The instrument is shown half-open, revealing the engraved inscriptions: ‘Henry
Sutton fecit 1655’ (top) and ‘Mr. John Reynolds Diagonall Line for Gauging of Cask &c¢'
(hottom). These markings identify both maker and mathematical designer. Images courtesy

aof the Whipple Museum of the History of Science, Cambridge, and Joshua Nall, Director and

Curator of the Whipple Museum.

Fig. 2. The instrument is shown half-opened, displaying both its interior and exterior faces
engraved with multiple mathematical scales used for board and timber measurement in
addition to gauging. The brass hinges and end caps highlight its compact and portable
construction. Courtesy of the Whipple Museum of the History of Science, Cambridge, and
Joshua Nall, Director and Curator of the Whipple Museum.

conduct experiments on standard measures
at the Guildhall.® Building on the analysis of
Knight and Jardine, and addressing the ques-
tions they left unresolved, this article situates

Wh.6239 within broader debates over gauging
instruments and the politics of mathematical
standardisation — particularly those sparked
by the flawed measures published in William
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Fig. 3 The rule fully unfolded, displaying the entire gauging scale across both arms. Inscribed text along the interior references both Reynolds

e

and Sutton’s authorship. The articulated brass hinge assembly is clearly visible connecting the arms. Courtesy of the Whipple Museum of the

History of Science, Cambridge, and Joshua Nall, Director and Curator of the Whipple Museum.

Oughtred’s carly treatises concerning wine
gauging. The aim of this article is to show how
Oughtred’s inaccuracies became embedded in
early gauging instruments, provoking concern
among practitioners, brewers, and officials
alike which saw the creation of Wh.6239 to
correct these inaccuracies.” While Jardine
rightly observes that ‘therc is no reason to
suppose that this particular configuration [of
Wh.6239] was developed before the intro-
duction of cxcise in 16437, like Oughired’s
instrument was, this article calls for a closer
examination of how Wh.6239 emerged from
the practical exigencies of early revenue col-
lection — as a material corrective to the unreli-
able measures Qughtred had employed at the
very inception of English excise.'”

Jardine’s article revisits two central ques-
tions originally posed by Knight regarding
Wh.6239: first, what was the precise practi-
cal function of the instrument — particularly
in relation to ‘Reynold’s Diagonall Line for
gauging of Cask &c’; and second, what was
the historical context of its development.
Knight initially proposed that the instrument
was designed primarily for coopers (barrel
makers) rather than for excise officers, whose
task was to assess duties — especially on al-
cohol — based on barrel volume.!! However,
Jardine notes that the concept of a diagonal
gauging rod predates the seventeenth cen-
tury, as carlier research by Ad Meskens has
shown.'? Current evidence now suggests that
Wh.6239 was not used by coopers, but rather
by gaugers.!? Jardine further asks, “what was
the local context of instrumental gauging in
mid-seventeenth-century England’, and ques-
tions how the Wh.6239 would have been used
by excise officers if not by coopers, observing
that ‘Certainly the rule itself could not have
been used directly to measure casks...[as]
There is no way to make [the instrument] hold
its shape, and in any case the scale is a 4-foot
one, split over two sides of the rule”.'*

The problems addressed by Wh.6239 reflect
a broader pattern of contested measures and
unstable standards that emerged with the es-
tablishment of excise taxation. Jardine's refer-

ence to The Life of John Speideil, which de-
scribes a gauging instrument “used like a Sec-
tor standing at a certain Angle’, hints at a still
poorly understood tradition ol experimental
gauging techniques designed to meet the
shifting demands of an ever-evolving fiscal
regime. In mid-seventeenth century England,
a gauging ruler, like the Wh.6239 worked by
using engraved scales to estimate the volume
of barrels based on laking down external mea-
surements like diameter and length, allowing
excise officers to later determine tax duties
without opening the cask. Unlike the longer,
rigid gauging rods described by Speidell —
which were inserted into barrels or physically
spanned their dimensions — folding gauging
rulers like Wh.6239 were compact, portable,
and relied on mathematical scales, especially
diagonals, to perform volume calculations ex-
ternally and more conveniently. This distine-
tion helps clarify Jardine’s observation,'?

Reframing Wh.6239 as a material product of
mathematical collaboration and correction —a
response to disputes over volume, legitima-
cy, and revenuc that arose within England’s
growing reliance on political arithmetic —
highlights the role of figures such as John
Reynolds, Baptist Sutton, Edmund Wingate,
and John Wybard in shaping both the instru-
ments and techniques used in barrel gauging.
Wh.6239 demonstrates how mathematical
practitioners responded directly to Hawed
measures propagated within a wider network
of mathematical practitioners, excise officers,
and state officials. Far from being an isolated
curiosity, Wh.6239 reveals the extent to which
practical mathematics and fiscal policy were
materially entangled in the everyday adminis-
trations of early modern England. While Boris
Jardine’s recent 2024 article in the Annals of
Science, particularly in the section ‘Trials and
theories: barrel gauging’, emphasises the role
of artisanal demonstrations in securing trust
and authority within the social economy of
precision instruments using Wh.6239 as an
example, my article instead situates the emer-
gence of Wh.6239 within the broader context
ol administrative and fiscal crises, treating
gauging instruments not merely as artefacts
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of artisanal validation but as essential tools
in the stabilisation of excise revenue and the
consolidation of early modern state gover-
nance.!0

Crisis, Excise and Barrel Gauging in
Seventeenth-Century England

The emergence of Wh.6239 rule in 16535 must
first be contextualized within the broader fi-
nancial pressures facing England in the early
seventeenth century. Charles I ascended the
throne in 1625, inheriting severe fiscal insta-
bility that was further exacerbated by ongoing
wars with Spain and France.!” These conflicts
drained crown resources, and left England
with a combination of over-expenditures only
intensified by a lack of income as crippling
financial stability further limited the crown's
ability to govern effectively.'®

In response, Charles I introduced new cus-
toms ordinances targeting luxury goods like
soap, glass, and imported commodities (nota-
bly wine) in an effort to alleviate mounting
state debts without alienating the politically
influential landed gentry.'? By the mid-1630s,
thesc targeted taxes succeeded, somewhat re-
markably, in that they helped to assuage the
rising national debt, thus opening the door for
the crown to experiment with further methods
of increasing royal funds throughout the cen-
tury 20

This said, complete financial relief remained
elusive as warfare persisted throughout
Charles | tenure. In 1637, Charles commis-
sioned James Duppa, a naval officer and
brewer, to propose additional taxation meth-
ods aimed at increasing his coffer.2! Duppa’s
strategy was straightforward: tax malt, and
thereby gain continuous income from licensed
breweries reliant on the commeodity. Duppa
additionally contended that this tax on malt
would curb the illicit production of beer and
ale being brewed at unlicensed alehouses. Al-
though the malt tax was officially enacted in
1637 with the promise of increased revenue,
it ultimately failed because of Duppa’s over-
sight to exclude London — England’s most
economically productive city — from the laxa-
tion. As a result, London brewerics remained
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largely untaxed at a iime when revenue from
brewing was most urgently needed. The need
to generate revenue was urgent, particularly
with the impending outbreak of the English
Civil War in 1642.7

Parliament initially opposed implementing
new taxes altogether on commodities, wary
too that discussions of an impending excise
tax might be exploited by the {anded ranks at-
tempting to totally rclinquish the land tax at
the expensc of taxing the people through er-
(oneans charges on popular goods. However,
the escalating financial pressures of war (both
internal and abroad) compelled Parliament to
reconsider.2? Under pressure, Parliament was
left with ne choice but to introduce England’s
first Excise Ordinance in 1643. The ordinance
mandated a direct tax on ‘the housekeeper for
beer, ale, cyder, or perry brewed or made for
his own spending. .. [and] all alehouse-keep-
ers or inn-holders that brew and sell strong ale
and beer.

The ordinance fundamentally reshaped Eng-
land's revenue system almost overnight. ln-
structions ordered that excise was to he col-
lected by mathematically gauging each barrel
of ale and beer at the point of production. A
tax for both beer and ale were set at a rate of
6d. 4s. and stipulated that the ‘rates set upon
every barrel of Beerc and Ale by ihe said Or-
dinance, shall be payd for every greater or
lesser quaniity, proportionably after the same
pate,”25 Wine too fell under the gauging prac-
tices of customs officers, notably at London
ports. Within a decade, London’s brewing
trade alone constituted approximately *39%
of all the revenues collected on beer and
ale across the nation', equating to roughly
£188,650 anmually and representing  about
189 of the total sum of cxcise revenues col-
lected annually from all goods.™® Recogniz-
ing the complexity and value of this new reve-
nue source, Parliament established the Excise
Office, tasked specifically with cnsuring that
all farmed excisc revenue was accurately as-
scssed using standard measurements enforced
at the Guildhall. By the latc 1640s, gaugers ar
‘sub-collectors’ became vital figures, empow-
cred to enter breweries and foreign ships to
directly inspect and gauge barrels, no longer
relying merely on a brewer’s or merchant’s
declaration of production or bill of lading.2”
William Ashworth has argued that ‘onee the
method of measurement was tolerably stable,
the whole process of extracting the revenue
was considered adequately visible to be calcu-
1able and (hence more predictable™®

The Problem with William Oughtred’s
New Artificial Gauging Line
Accurate gauging practices were essential

given that excise duties depended cxplicitly
upon the measured volume contained in each

12

barrel. Gaugers relied heavily upon complex
logarithmic rules, instruments also common
in geometry and astronomty. Among the earli-
est was the instrument devised by the promi-
nent Cambridge mathematical practitioner,
William Oughtred.

In 1632, a prierity dispute had taken place
between the mathematical practitioners
Oughtred and his pupil, Richard Delamain,
over who had invented the Circles of Propor-
tion, ‘u logarithmic calculating device that can
be considered a precursor of the slide rute,”>
According to Katherine Hill, Oughtred had
accused Delamain of teaching his students
bow to usc the new instrument “without first
teaching them the theoretical foundation of
logarithms upon which the Circles of Prapor-
tion were invented, >

In 1633, the ycar following the dispute,
Qughtred sought to publish The New Artificial
Gauging Line or Rod, wherein he provided
what he considered the correct methods and
imstrument for the ‘measuring or Gauging of
vessels’ 31 The treatise also served to sup-
port Oughtred’s claims of origina} discovery
against Delamain. Dedicated to the Worship-
ful Society of Vintners, Oughtred’s treatise
directly challenged an already existing ted-
tise by the mathematical practlitioner Edrund
Gunter, known for his Gunter’s Line, wherein
he bad included a brief chapter on ‘the use of
the line of Numbers in gauging of vessels)
Oughtred criticised Gunter’s methods for
finding the ‘meanc diameter’ of a barrel with-
in his broader work on the sector and crosse-
staffe.3? While Gunter’s primary focus was
on instruments intended ‘for vse thereof in
astronomie, navigation, dialing, and fortifica-
tion” — Oughtred’s entire treatise was devoted
solely 1o the problem of accurately gauging
wine casks.>

More specifically, Oughtred’s project focused
exclusively on the gauging practices of vint-
ners when finding the volume of theit barrels
at London ports. As Oughtred noted, *there
was much wrong done by misgauging wine
vessels’, to which his gauging instrument was
© serve as a solution.* Such an instrument
should be seen as a practical solution which
was linked direcUy to the fiscal problems be-
ing experienced by Charles 1. Once designed,
Oughtred commissioned the celebrated m-
strument maker Elias Allen of London 0
construct the instrument according 1o his
specifications. According to Oughtred, Elias
then took the instrument, without himself
being present, to the “Hall® — most likely the
Vintners” Hall which maintained official stan-
dard measures for the vintners — whereupon
Oughtred recalls how ‘the gentleman gaugers
agreed with Mr. Allen for a price’ to purchase
the instrument they found so useful *¥ That
Oughired later declined any payment for his

instrument js unsurprising: as Hill netes, his
enpagement with mathematics *was not based
on financial gain’, but rather he used ‘math-
ematics as a tool to increase his reputation as
a scholar.”38

As Oughtred continued to detail, the instru-
ment was specifically calibrated — at least as
far as he knew - according to the Vintners’
Hall ale- and wine-gallon standards. e states,
“having first enquired the quantity of a gallon
both Ale, and Wine measure in solid ynches,
the ohe to bec 272V the other 231, [ auglt
how o reduce into gallons and hundredth
parts, by dividing the whaole number of ynches
contained in the vessel by either of those two
numbers respectively.’ Ermphasising the nov-
elty of his approach, he declared ‘the worke
and practice of which I have by art, with an
invention pot yet thought upon by any other,
and with divisions calculated for the purpose;
fitted and appiyed to this my new gauging line
or rod.*37 The vintners' independent verifica-
tion of the instrument’s accuracy at the Vint-
ners’ Hall further reinforced the reputation of
the nstrument. However, for clarity, it must
be noted that those verifying the aceutacy of
(he insttument were vintners, not brewers. It
is mosi likcly that their conccms were only
invested in muking sare that Qughtred’s in-
strument accurately gauged wine vessels, not
barrels filled with ale 38 As Oughtred claimed,
there had never been an instrument for gaug-
ing winc barrcls like his. Wwith no earlier in-
strument available for comparison - apart
from the official standards at Vintners” Halt
- the scales embedded in Oughtred’s gauging
rod, engraved by Elias Allen, would latcr be-
come a source of controversy following the
formal introduction of excise in 1643,

By 1650, the accuracy Ouglwtred had so
confidently professed began o unrave! with
the publication of Tactometria, 2 treatisc by
mathematician John Wybard that directly
challenged the measurements embedded in
his instrament.>® Within his treatise, Wybard
revealed that John Reynolds. Mint official and
ckilled mathematical practitioner, had discov-
ered a critical error: Qughtred’s lines for the
ale measure were calibrated mistakenly using
the corn-gallon standard (272V% cubic inches)
tather than the corrcel ale-gallon standard of
288%4 cubic inches. In his chapter “Setting
forth the Quantitics of the Wine and Ale-gal-
tons”, Wybard stated that the 272% cubic inch
ale-gallon — used by Oughtred in designing his
instrument and discussed in his “foresaid book
of the Circles of Proportion, Part 1. Chap 9 —
was erroncous.*? Reynolds, he explained, had
Jetermined that the alc-gallon should instead
‘contain 288 ¥4 cubique inches; beholding that
the Wine-gallon (which he strongly afitimeth
to be 231 inches) is to the Ale-gallon in such
proportion precisely, 4 to e

Bulletin of the Scientific Instrument Society No, 167 (2025)




Fig. 4 Frontispiece portrait of Richard
Collins from The Excise Officer’s Pocket-
Companion (1677), engraved by Joseph
Browne. Collins is depicted holding a
Jolding gauging rule, an instrument closely
resembling Henry Sulton’s two-foot rule
(Wh.6239) at the Whipple Museum. The
image underscores the association between
Collins § excise manual and the practical
tools used for volumerric measurement and
revenue assessment. Courtesy of the British
Museum (CC BY-NC-54 4.0).

The result of Oughtred’s error was that cach
barrel measured with his instrument excluded
approximately 16 cubic inches of taxable liquid
per gallon. By using the smaller corn-gallon,
Oughtred’s gauge shorted each 64-standard
gallon hogshead (a standard barrcl measure)
by about 4 gallons of taxable ale — a substan-
tial loss when excise revenue was so crucial
to the state. This mistake was consequential,
It did not mercly compromise Oughtred’s
scholarly legitimacy; it disrupted economic
confidence. Brewers, coopers, and excise of-
ficers alike faced increasing uncertainty, as the
accuracy of taxation rested squarely on math-
ematical instrumentation. Questions arose not
only about Oughtred’s instrument, but about
the broader reliability of gauging practices and
standards at the Guildhall.

As  Jardine’s earlier investigation into
Wh.6239 suggests, the controversics over
measurement accuracy were deeply inter-
twined with the politics of taxation and state
finance. Oughtred’s fawed instrument be-
came emblematic of the limitations and chal-
lenges in instrumental gauging, In this con-

tested landscape, Wh.6239 functioned as a
deliberate intervention — a material response
embedded with Reynolds® corrected diagonal
scale that directly confronted and rectificd the
shortcomings of Oughtred’s rod. It was not
merely an alternative instrument, but an effort
lo stabilise the volatile intersection of math-
ematical precision, fiscal policy, and practical
instrumentation.

“The Cry of the Oppressed’: Wh.6239
and Resolving the Politics of Error

Although the mathematical shortcomings of
William Oughtred’s instrument had already
been exposed as early as 1641 — when John
Reynolds, in collaboration with John Wybard,
Edmund Wingate, and Baptist Sutton, experi-
mentally demonstrated at the Guildhall that
Oughtred had erroneously employed the corn-
gallon instead of the ale-gallon — Wh.6239 did
not emerge as a critical corrective until 1655,
Produced by Henry Sutton, Wh.6239 explic-
itly engraved Reynolds’ corrected diagonal
line, offering a practical alternative to the
flawed standard. Yet the conflict over liquid
measurcment was never solely a matter of
computational precision and instrumentation,
It reflected a deeper crisis within the cultural
relationship between standards and the usc of
inaccurate instruments, which could persist in
circulation despite being demonstrably inac-
curate. Instead of being displaced by more
accurate alternatives, these already cstab-
lished instruments retained authority through
institutional inertia. Wh.6239, grounded in
empirical testing and mathematical rigor, thus
challenged not only Oughtred’s error but the
broader assumption that legitimacy stemmed
from state enforcements rather than verifica-
tion. In this sense, the debate over gauging
was less a technical dispute than a contest
over how — and by whom — truth in measure-
ment would be defined.

The stakes of this debate were vividly articu-
lated in an anonymous 1659 pamphlet The
Cry of the Oppressed by Reason of False
Measures, which voiced the frustrations of
London brewers who accused excise officers
of continuing to rely on the wrong gallon
measure.*? Despite the availability of math-
ematically precise instruments like Wh.6239,
the pamphlet alleged that errors in gauging
continued, amounting to nearly to ‘7000L
per annum’ in unfair taxation, driven by the
continued misuse of the comn-gallon rather
than the ale-gallon.** Oughtred was person-
ally derided in the pamphlet in which he was
accused of affirming ‘the Ale-Gallon to con-
tein but 272 Cubicall-Inches’ despite being
the “contrary to the opinion of M. Gunter, M.
Goodwin, M. Reynolds, M. Bond, and all the
ancient and late Artists and Mathematicians
of England.”** Even as practical alternatives
were introduced, the state’s reliance on en-
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Fig. 5 llustration of a folding gauging

rule from Richard Collins, The Counirey
Gaugers Vade Mecum, or Pocket-Companion
(London: W. Godbid for M. Pitt and Anthony
Owen, 1677), 104. The instrument shown
clasely resembles Henry Sutton's two-foot
rule (Wh.6239) at the Whipple Museum,
highlighting the dirvect connection between
Collins & text and the practical mathemaiical
instruments used for excise work, Image
taken from the copy at Cambridge University
Library, Syn.8.67.43.

trenched units of measure rendered empirical
correction politically immobile.

The pamphlet, though polemical, correctly
identified a key paradox: even when stan-
dards were exposed as faulty, they remained
unchanged. To this point, Jardine is correct
in stating that, ‘the faulty standards were
not, in fact, replaced.” Reynolds® discovery
was ultimately disregarded, Instruments like
Wh.6239 offered practical precision, but not
legal or political legitimacy. Still, Wh.6239
was anything but an idle artifact of practical
mathematics.

Indeed. the circulation of new instruments in
the decades that followed suggests that the
gauging controversy had lasting consequenc-
es. In 1677, Richard Collins, *Supervisor of
the Duty of Excise’, published The Excise Of-

Jicer’s Pocket-Companion alongside a new in-

strumenl designed to ‘avoid intricate or labo-
rious Arithmatical Operations.’* Collins ac-
knowledged that ‘the late famous Mathemati-
cal Instrument-Maker, Henry Sutton... made,
divers new general Scales and Gauge rods. ..
not liable to vary, as do the Measures of sev-
eral Countries, and consequently Rods suited
thereto, as our formal Rods of England.’#6
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The image of Colling below reveals that he,
loo, invented a new pauging instrument - one
comparable in ingenuity to Wh.6239. Fur-
ther research may show that Collinss instru-
ment also featured a line of numbers similar
to that found on Wh.6239 (see Figs. 4 and
5). Wh.6239 came to be recognised for its
mechanical ingeruity and, over time, came
to exemplify a broader shifi in seventeenth-
century measurcment culture: standards were
no lenger defined solely by official decree
but increasingly asscrted through technical
practice and cormrective interventions, The
rcal stakes of the gauging controversy lay nat
merely in the risk of mismeasured barrels, but
in a deeper struggle to anchor state revenue in
mathematical credibility, Wh.6239 was both a
product of this moment and a material decla-
ration: that precision coufd challenge power,
even if it could not yet replace it.

Keywords: computation, excise,
standardisation, revenue, measurement.
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