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My interest in the history of computation and its origins 
was piqued nearly thirty-five years ago when I was 
interviewed as part of the Pioneers of Computing oral 
history project being conducted by the Smithsonian 
Institution under the auspices of the American Federation 
of Information Processing Societies. (AFIPS, through 
its History Committee, played an active pioneering role 
in establishing computer history as a field of study.) I 
imagine that I was selected to be interviewed because 
early in my career, while employed at Engineering 
Research Associates (ERA), I played an active role in the 
design, development and construction of a large-scale 
electronic digital computer (the ERA 1103). ERA and 
the Eckert-Mauchly Computer Corporation, developers 
of the UNIVAC, were the first two computer companies 
to be established in the United States after World War II. 
Both companies were eventually acquired by Remington 
Rand and together with Burroughs represent the origins 
of the present-day Unisys Corporation. 

At the time, my interest in computer history might best 
have been described as ranging from nonexistent to 
desultory. One day in late 1974, when other business 
had brought me to Washington, D.C., I dropped in at 
the Museum of History and Technology. I met Dr. Uta 
Merzbach, the curator in charge of the AFIPS project, 
and also the executive director of the museum, the late 
Dr. Robert Multhauf, whom I found to be a friendly, 
open, forthright individual. He frankly stated his interest 
in the AFIPS project and his disappointment that lack 
of resources was inhibiting its completion. As we 
concluded our meeting, I asked how I might help. He 
replied succinctly, “Get involved.” 

Somewhat on impulse, I decided then and there that I 
would. To familiarize myself with what was already 
happening in the field, I joined the AFIPS History 
Committee, where I was warmly welcomed by the 
chairperson, Jean Sammet, and by the president of 
AFIPS, Dr. Albert Hoagland. The founding chairman 
of the committee, Colonel William Luebert, briefed me 
and described the origins of the AFIPS history effort 
during a visit I made to his quarters at West Point. I also 
visited Henry Tropp, the historian who was the principal 
investigator for the AFIPS project. 

To increase my understanding of history as a subject, 
I enrolled at UCLA and attended classes in its History 
of Science and Technology program. For examples of 

technological history in the making, I visited the Center 
for the History of Physics in New York City, the History 
of Chemistry Center in Philadelphia, the Dibner Library 
in Connecticut, the University of California at Berkeley, 
Stanford University and MIT. I joined SHOT, the Society 
for the History of Technology; and HSS, the History of 
Science Society. 

Robert Multhauf played a significant role in developing 
my understanding of what history is and what historians 
do. He had served for several years as the editor-in-chief 
of ISIS, the journal of the History of Science Society, and 
had played an influential role in the development of that 
discipline. Bob took me under his wing, recommended 
reading and provided introductions to the leading 
historians, librarians and museum curators of the day. 
He was also an avid book collector. He strongly believed 
that reliance on primary sources, the original works of 
great thinkers and scientists, was essential for both the 
aspiring student and the working historian. I could see 
the merit of this principle, but for the subject of computer 
history, I was uncertain what these primary sources were. 
Fortunately, the pioneering bibliographic work of Brian 
Randell had been published in 1973 and was available 
as a guide.

In June of 1976, another opportunity for involvement 
presented itself when the head of computer operations 
at the Los Alamos National Laboratory, Dr. Nicholas 
Metropolis, organized the International Research 
Conference on the History of Computing, to be held 
at Los Alamos. The organizers invited an international 
cross section of computer technology pioneers to present 
papers. I was fortunate enough to be invited to attend this 
landmark conference and to prepare a paper on the origin 
and history of ERA. 

During my visit to Los Alamos, and subsequently as I 
reflected on my experience there, I became convinced 
that a more broadly based study of the history of 
computing, one not written solely from a technical 
viewpoint, was a valuable, even important, objective. 
For example, despite the immense contributions of 
women to early computer programming development, 
not one paper at the conference had been presented on 
their involvement. The phenomenally rapid spread of 
computers in government, commerce and industry had 
surely been due to the customer training programs of 
Remington Rand and IBM, yet this critical contribution 
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went unmentioned. Similarly, the role of the United 
States government as the initial market provider had 
been recognized only by implication.  Also ignored were 
the struggles of pioneering users, who with considerable 
effort and at great expense had advanced the early 
application of digital computers. In other words, rather 
than a purely technical history, the broader societal, 
commercial and political implications of the Information 
Revolution needed to be examined and recorded.

The Charles Babbage Institute and Tomash 
Publishers

The story of how the Erwin Tomash Library came 
into being is inextricably bound up with the story of 
the formation of the Charles Babbage Institute (CBI). 
The notion of establishing a Center for the History 
of Computing was not an idea that originated with 
me. Indeed, it was in the air and had been articulated 
previously by a number of individuals with whom I 
discussed the subject of computer history. Consequently, 
I spent my time not on the question “Should CBI be 
established?” but on the question “What should CBI 
try to accomplish?” I sought the opinions, counsel and 
support of friends and associates. Among them were 
computer professionals, academics, historians and 
computer industry leaders.

As my ideas matured from hazy notions into clearer 
concepts, the demands on my time seemed to avalanche. 
It became clear that I could not do justice to the “computer 
history project” without neglecting my responsibilities 
to my company, Dataproducts Corporation. My wife, 
Adelle, and I recognized that a more formal structure and 
organization were needed if significant progress was to be 
made. Accordingly, we met with attorneys to incorporate 
the Charles Babbage Institute (CBI) as a charitable non-
profit entity and decided to recruit an executive director. 
To make all this practical, we determined to endow the 
new CBI with enough funds to operate for a few years. 

For the position of executive director of CBI, I thought 
of an old friend, Paul Armer. Paul, a computer pioneer 
in his own right, had headed computer activities at the 
Rand Corporation for several years. He was also highly 
regarded in the professional computing community. 
He had served as president of AFIPS, had been active 
in establishing the SHARE User Group and was an 
able, experienced administrator. To my delight, I found 
he shared my enthusiasm for computer history, and he 
soon agreed to become the first executive director of 
CBI. Paul resided in Palo Alto, California, near Stanford 

University, and thus the first CBI office was established 
there. 

My company was a supplier of printers and memories 
to the computer industry, and over the years I had 
developed relationships with executives at most of 
the major computer manufacturers. Paul Armer had 
extensive contacts within the computer user community 
as well as within the computer professional societies. 
Bob Multhauf provided introductions to the academic, 
historical, library and museum communities. Between 
us there were few institutions with an interest in the 
history of computing to which we did not have excellent 
access. 

The first months were devoted to building awareness 
of CBI and its goals through one-on-one meetings and 
presentations. In April 1978, we invited a group of some 
twenty interested key persons, all of whom we had 
previously met with individually, to the first meeting 
of CBI at Rockefeller University in New York City. 
Our host was Nobel laureate Dr. Joshua Lederberg, the 
University’s newly designated president. The purpose 
of the meeting was to establish the nature of CBI and 
to critique its proposed program. Implicitly, we hoped 
to validate (or modify) the assumptions we had made, 
obtain endorsement of the CBI concept and foster 
interest so as to maintain what momentum the notion of 
CBI had developed. 

The discussions that day led to a number of conclusions. 
Today, these seem so obvious as to sound simplistic: CBI 
should be an historical research center. CBI historical 
efforts should be broadly based and not be limited 
to technology. CBI should not establish a museum. 
CBI should build an archive and make it available for 
scholarly research. Historical endeavors at CBI should 
be carried out by professional historians, and the CBI 
archive should be organized by professional archivists. 
CBI should encourage young scholars to work on the 
subject by supporting and facilitating their efforts. CBI 
should be located on the campus of a major research 
university and headed by a faculty member there. 

A second meeting, with a different set of individuals, 
was held at the Smithsonian Institution in Washington, 
D.C., several months later. Robert Multhauf was host 
for this session. The conclusions from the first meeting 
were reviewed and affirmed. Essentially, it was agreed 
that CBI as a research center and archive for the history 
of computing was a worthy and valuable enterprise 
and should be established on the campus of a major 
university. Also at this meeting, a Site Search Committee 
was established and the search process outlined. 
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It was decided to send requests for proposals to every 
university in the United States that offered both a 
graduate-level program in computer science and a 
graduate-level program in the history of science. More 
than fifty universities in the United States met these two 
criteria. Letters to the presidents of these institutions 
were then sent; replies indicating interest in hosting CBI 
were received from about a dozen universities. 

The Site Search Committee felt that an essential 
ingredient for the future success of the enterprise was 
the presence at the host institution of a “champion” who 
would shepherd and guide the proposed institute during 
its formative years. Hence, the interested universities 
were asked to complete a lengthy questionnaire that 
ranged from such practical matters as space and 
secretarial staff to more subtle issues such as the faculty 
status of the as yet unidentified CBI executive director. 
A handful of universities completed and submitted the 
document, among them the University of Michigan, 
the University of Minnesota, Stanford University and 
MIT. The Site Search Committee then visited these 
institutions, conferred with key personnel at each site 
and at its review meeting unanimously selected the 
University of Minnesota. 

Taking steps to assure the financial viability of CBI was 
the next order of business. Our desire was to tightly 
integrate CBI with the host university, and therefore 
we felt that the host institution should show willingness 
to participate in support of CBI at least indirectly with 
space and support services. The computer industry 
agreed to do its part. Commitments for three years of 
support were received from Honeywell, Sperry Rand, 
IBM, Control Data, Burroughs, ICL and AT&T. Two 
corporations set the example, and their involvement 
encouraged others to follow. These were Honeywell in 
the person of Clarence Spangle and Sperry Rand in the 
person of Robert McDonald. AFIPS, representing the 
computer professional societies, also committed to three 
years of financial support at the same level. To permit 
individual participation, I established a Founders group 
of some twenty-five friends and acquaintances, each of 
whom pledged to contribute a minimum of $10,000. 

With financial support in hand, it was time to formally 
elect a board of directors. Each of the corporate sponsors 
was asked to nominate a member while AFIPS, to permit 
participation by its three major constituent societies, was 
granted a total of three seats. To this group were added 
some prominent historians of science and a leading 
archivist. 

As the months went by, I found myself less burdened 
with CBI, which by now Paul Armer was establishing in 
its new home at the University of Minnesota. A search 
to recruit a new faculty member for the position of 
executive director was also underway. We were most 
fortunate in being able to attract Dr. Arthur Norberg 
to the post. From his first years to the present day, he 
always has insisted that CBI’s work be done to the 
highest standards of quality and professionalism. For the 
younger scholars, he has served as a role model and as a 
stellar exemplar of the historian functioning in academia. 
He has strongly influenced the CBI Board and brought 
it to a fuller understanding of the role of an historical 
research center situated in a major research university. 
He has mentored, guided and cajoled the CBI staff into 
becoming a smoothly functioning team. His has been a 
consistent voice for ethical, high-quality performance at 
CBI. 

The Institute is now thirty years old, and Arthur Norberg 
is about to retire. CBI is comfortably housed in a new, 
specially built archives building on the University of 
Minnesota West Campus. The Institute has the world’s 
largest archive on the subject of the Information 
Revolution. The executive director is a faculty member 
in the History of Science and Technology Program 
and is the occupant of the ERA Chair in the History of 
Computing. Each year CBI offers two endowed graduate 
fellowships. In June 2006, a prominent historian of 
science and technology, Dr. Thomas Misa, was appointed 
director. The stage is set, and one can only hope that the 
next thirty years will be as successful as the last. 

As I have said previously, my mentor, Bob Multhauf, 
was both a prolific author and a book collector. Our 
discussions regarding the importance of relying on 
primary sources, the original works themselves, came 
up with some regularity. CBI’s original goals therefore 
included a plan to form a collection of books and other 
printed materials and to foster the study of computer 
history by the publication of translations and reprints of 
these seminal works. 

Resource limitations, not goals, tend to define the mission 
of any newly established university institute, and CBI was 
no exception. When these practicalities became clear, I 
decided to form the Erwin Tomash Library to collect 
primary sources, and Adelle and I decided to establish 
Tomash Publishers to publish reprints and translations of 
important works relating to computer history. 

For Tomash Publishers we formed an editorial board 
to identify the works to be reprinted. As chair of the 
editorial board, we selected the young British historian 
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Martin Campbell-Kelly. He performed in exemplary 
fashion in shepherding through the press what became 
the CBI Reprint Series. 

From the outset, Tomash Publishers limited its scope to 
works of interest to the computer historian. The first work 
published by the new firm was Anton Glaser’s History of 
binary and other non-decimal numeration, Los Angeles, 
1991. Thereafter, the firm turned its attention to the CBI 
Reprint Series. After publishing four works in the series, 
Tomash Publishers formed a partnership with MIT Press 
to co-publish the remainder of the series. Ultimately, 
sixteen volumes were published in the series, as indicated 
in the table below.

Erwin Tomash
Soquel, California

November 2008

Vol Author Title First
published

1 M. V. Wilkes et al. The preparation of programs for an electronic digital computer 1951
2 H. P. Babbage Babbage’s calculating engines 1889
3 E. M. Horsburgh Modern instruments and methods of calculation 1914
4 ERA High-speed computing devices 1950
5 W. J. Eckert Punched card methods in scientific computation 1940
6 D. R. Hartree Calculating machines: recent and prospective developments 1949
7 Harvard Proceedings of a symposium on large-scale digital… 1947
8 Harvard A manual of operation for an automatic sequence… 1946
9 Pennsylvania The Moore school lectures 1946
10 A. M. Turing ACE report of 1946 and other reports 1946
11 M. d’Ocagne Le calcul simplifié (translated into English) 1928
12 J. von Neumann Papers of John von Neumann on computing -----
13 H. W. Buxton Memoir of the life and labours of the late Charles Babbage, esq. F.R.S… -----
14 Manchester, Cam-

bridge and NPL
The early British computer conferences 1949-1953

15 J. Napier Rabdology (Rabdologiae, translated into English) 1617
16 E. Martin The calculating machines (Die Rechenmaschinen, translated into English) 1925
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Astrolabes Astrolabes

The astrolabe is an ancient device of unknown 
origin. The first unambiguous description is by John 
Philoponus from about 530AD, but it is obvious from 
references made to earlier documents, that it was in use 
previously. The usual form of the astrolabe depends on a 
stereographic projection in which two maps of spherical 
objects (the heavens and the earth) are projected onto a 
two-dimensional plane—usually the plane of the earth’s 
equator. The mathematics of this projection have been 
known since the time of the astronomer Hipparchus in 
150 BC, and thus the astrolabe, in some form, likely 
existed from at least this period.

While the stars remain in fixed positions at all times 
(which allows them to be represented by the small dagger 
points), the sun moves along the line of the zodiac as the 
year progresses. The off-center circle on the rete (marked 
with signs of the zodiac) shows the sun’s position for 
any given day—scales on the back of the astrolabe will 
usually relate the ordinary calendar dates to zodiac 
positions to aid in this representation.

Astrolabes

An astrolabe, as illustrated in Chaucer, Geoffrey 
[Skeat, Walter William, editor]; A treatise on the 

astrolabe, 1928.

The markings on an astrolabe look very complex, 
but when separated into their individual parts, 
they are quite simple. It commonly consists of 
three major components: an alidade sighting 
vane (occasionally just a rotating ruler without 
sights) that pivots at the center, a rotating rete 
that indicates star positions by means of small 
dagger points and a plate or tympan engraved 
with a number of circles and what appears to be a 
spider’s web of lines. 

The rete is a map of the sky that, by rotating 
around its central pivot, can represent the motions 
of the fixed stars and the sun. 

An astrolabe rete, as illustrated in Chaucer, Geoffrey 
[Skeat, Walter William, editor]; A treatise on the 

astrolabe, 1928.

The stereographic projection as illustrated 
in Apian, Peter; Cosmographia, 1564.
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Astrolabes Astrolabes

Positions for stars and the zodiac are determined by 
the above-mentioned stereographic projection. Assume 
your eye is placed at the South Pole, and looking north 
through the earth, you will be able to see the stars. 
Assume a large sheet of paper is placed through the earth 
at the equator. A line drawn from your eye to the star will 
pass through the sheet of paper and will mark on it the 
spot where the star is mapped into the paper. It is this 
paper (a stereographic projection of the heavens onto a 
plane passing through the equator) that is the rete. The 
plate is a similar projection, only this time it represents 
the earth. The center of the plate (around which the rete 
rotates) represents the North Pole. The three concentric 
circles around the center represent the two tropics and 
the equator—the innermost being the tropic of Cancer, 
the middle being the equator and the outer (sometimes 
not shown because it is represented by the outer edge of 
the plate) being the tropic of Capricorn.

(the lowest parabola marked in the figure), only part of 
which can be accommodated on the plate, a condition 
that accounts for its being in the form of a parabola and 
not a circle.

The zenith, horizon and intermediate lines (called 
almucantars) are different for each latitude on earth. An 
observer at the North Pole would have an astrolabe in 
which all lines are centered in the middle of the plate. 
As you progress southward, the zenith position would 
move up the astrolabe, and the spider web design would 
become flatter and flatter, with the outermost markings 
turning into parabolas rather than circles. Better-quality 
astrolabes come with a number of interchangeable plates 
engraved for different latitudes. Each plate is marked 
either with the degrees of latitude for which it is suitable 
(and occasionally with a city name) or with a climate 
marking, which amounts to the same thing—the earth 
was divided into climates, the warmer ones being near 
the equator and cooler being ones farther north.

These devices (plate and rete) are usually held in a brass 
surround (commonly called a mother or womb), which 
itself will often have a series of complex scales engraved 
on the back.

Use of an Astrolabe

Astrolabes are reputed to have at least 1,000 different 
uses. To find, for example, the time of sunrise on any 
given day of the year, the user would perform the 
following:

• Insert the correct latitude plate in the mother (the 
user’s eastern horizon is represented by the outermost 
almucantar on the left-hand side of the instrument).

• Determine the position of the sun in the Zodiac for 
this day (usually by consulting a scale engraved on 
the back of the astrolabe).

• Locate the sun’s position on the zodiac ring of the 
rete.

• Rotate the rete clockwise (simulating the rotation of 
the stars and sun about the earth) until that point of 
the zodiac is just crossing the eastern horizon (the 
point of sunrise).

• Form a line from the center of the astrolabe, across 
the sunrise point, to the outer edge of the mother 
(usually by using the rotating alidade or ruler). Where 
this line crosses the mother will be a scale of hours 
from which you can read the time of sunrise.

The spider web-like markings on the plate are designed 
to indicate exactly how much of the heavens are visible 
to an individual user of the instrument. If the user were 
at the North Pole, then all the heavens marked on the 
rete would be visible. The north celestial pole (the 
user’s zenith) would be directly overhead. As the user 
moved south toward the equator, less and less of the 
sky represented by the rete would be visible—note on 
the illustration of the stereographic projection (on the 
previous page) how the little figure standing on the upper 
left portion of the earth (at about latitude 50 degrees) 
can only see the light-colored parts of the heavens. 
That figure no longer has its zenith at the north celestial 
pole. The zenith for that figure can be marked on the 
plate (usually represented by a spot marked “90”). Ten 
degrees away from the zenith would be represented by a 
circle marked “80,” and so on down to the user’s horizon 

An astrolabe plate as illustrated in Chaucer, Geoffrey 
[Skeat, Walter William, editor]; A treatise on the 

astrolabe, 1928.
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Astrolabes Astrolabes

• The time of sunset can be found by moving the sun’s 
zodiac position across the western (right-hand side) 
horizon and noting the time. 

Such simple facts were necessary for planning such 
things as agriculture work, in which the numbers of hours 
of daylight would regulate how many people would be 
necessary to perform a certain task in the fields.

Universal Astrolabes

The fact that a standard astrolabe is only accurate for a 
few degrees around the latitude for which it was designed 
made things difficult when explorers began travelling 
longer distances. The initial solution was to provide a 
number of different plates, but doing this increased the 
weight and expense of the device. 

This problem could be overcome, but only at a cost. 
If, rather than projecting the maps from the South Pole 
onto an equatorial plane, they were projected from the 
side of the celestial sphere onto a plane at right angles 
to that of the equator, the result would be a universal 
astrolabe good for any latitude. The problem is that 
these projections are less “natural,” and they sometimes 
require larger instruments to provide the same accuracy.

Several different schemes were proposed. Perhaps the 
most famous was the Astrolabum Catholicum of Gemma 
Frisius (also described by Arzachel in the eleventh 
century), in which the projection is from the vernal 
equinox onto a plane passing through the solstices.

Another well-known universal astrolabe was the Rojas 
astrolabe (Rojas was a pupil of Gemma Frisius), which 

The Astrolabum Catholicum of Gemma Frisius, as 
illustrated in Bion; Usage des Astrolabes, 1702.

The Rojas astrolabe as illustrated in Bion, 
Usage des Astrolabes, 1702

was similar to the Astrolabum Catholicum but, being 
projected from a point at infinity, it resulted in many 
of the curved lines on the plate becoming straight, a 
situation that simplified its construction.

The mathematical jewel of John Blagrave was another 
universal astrolabe, but it was so complex that it was 
not much used. It was actually a combination of other 
instruments.

A final version was the La Hire astrolabe—described by 
Nicolas Bion but otherwise little used—it can be thought 
of as being halfway between the Frisius and Rojas 
schemes.

The Back of the Astrolabe

The back of the astrolabe was used for a large variety of 
scales. The most useful, and usually to be found, were 
the scales relating the calendar dates to the position of the 
sun in the zodiac—a circular scale that usually occupied 
the outer edge, and the shadow scales. The shadow scales 
(umbra versa and umbra recta—the rectangular scales 
found in the lower half) were used in surveying—a job 
that was performed by the astrolabe alone until about the 
middle of the sixteenth century and not entirely replaced 
until much later. A discussion of these scales can be 
found in the essay on surveying instruments.
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The Blagrave Mathematical Jewel, as illustrated in Blagrave; Mathematical jewel, 1594.

The back of an astrolabe, as illustrated in Dante; Asrolabio, 1578.

Astrolabes Astrolabes
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The following essay was first published in A History of 
Computing Technology by Michael R. Williams. We are 
grateful to the IEEE for permission to reproduce it here.

Logarithms

Logarithms are really just the power to which a number 
must be raised to equal a given value. The simplest 
examples are the base 10 logarithms in which 

102 = 100, so the base 10 logarithm of 100 is 2 
 i.e., log10(100)=2

103 = 1000, so the base 10 logarithm of 1000 is 3

100.5 = 3.16227766..., thus log10(3.16227766) = 0.5

Bases other than 10 are common in logarithms. For 
example:

22 = 4 thus log2(4) = 2

25 = 32 thus log2(32) = 5

By using logarithms, it is possible to change the arithmetic 
operations of multiplication and division into simpler 
ones of addition and subtraction. This is true because

Xa times Xb = Xa+b

To take a concrete example, assume you are faced with 
finding the product of 1234 times 5678. Rather than 
actually doing the multiplication, it is easier to

1/ look up the logarithm (in a table) of 1234
  [log(1234) = 3.0913 (to 4 decimal places)]

2/ look up the logarithm of 5678 
 [log(5678) = 3.7541]

3/ add together the two logarithms 
 (3.0913 + 3.7541 = 6.8454)

You have now determined that
103.0913 times 103.7541 = 106.8454

4/ Using a table of anti-logarithms, look up 
6.8454, and you will find the required product 
(7004000)—which is not quite the correct answer 
because you were only working to 4 places of 

decimals in the logarithms (the correct answer is 
actually 7006652).

Although logarithms do not give an exact answer 
(because you have to truncate the logarithms, which 
often have an infinite number of decimal places), you 
can get answers that are acceptably close to the actual 
value. So-called student’s tables of logarithms were 
usually correct to 4 decimal places while those requiring 
more accurate answers would use tables correct to 6, 
7, 8 or even as high as 60 places of decimals. Thus a 
tedious multiplication can be replaced by looking up two 
numbers in a logarithm table, adding them together and 
looking up the result in an anti-logarithm table.

Division can be replaced by simply subtracting the 
logarithms. Raising a number to a power can be replaced 
by multiplying the number’s logarithm by the required 
power.

John Napier is the person who first published a table of 
logarithms. The Napier family (who spelled their names 
as Napier, Napeir, Napair, Nepeir, Naper, Napare, Neper 
or even Naipper) had long been one of the noble houses 
of Scotland. It is incorrect to assume that the life of a 
Scots baron of the time was one of culture and learning. 
The Scottish Reformation was just starting as Napier was 
born in 1550, and the upheavals that it caused only added 
to the misery of the nobles and the common folk alike. 
In the middle of the sixteenth century, Scotland was 
torn apart by both political and religious strife, with war 
between the different groups being a constant occurrence. 
It was a country where the only recognized activity for 
a nobleman was either protecting his estates, hunting 
or having military adventures or engaging in religious 
controversy. The cultural level of the time is said to have 
seldom risen above that of barbarous hospitality. Before 
Napier’s time, Scotland had produced several men of 
note in the field of literature but only one in science, the 
thirteenth-century mathematician Michael Scott. It is 
thus very surprising that one of the most fundamental 
advances in mathematics and computation should have 
come out of this environment.

Napier was born near Edinburgh, but that is almost all 
we know of his early life. His father was one of the first 
people to take up the cause of the Protestant movement 
in Scotland, and it was presumably he who influenced 
John from his earliest days to believe that the Pope was 
the sole bar to the salvation of all mankind. Certainly 

Logarithms and Slide Rules
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John held this belief right up to the time he died in 1617. 
In 1563 John’s mother died, and he was sent off to St. 
Salvator’s College at the University of St. Andrews. He 
was only thirteen at the time, but it was not an uncommon 
age for people of that time to enter St. Andrews. He was 
boarded with a Dr. John Rutherford, then head of St. 
Salvator’s, who was one of the leading Protestant figures 
in Scotland and was known for his negative views about 
the Roman Catholic Church, probably because he had 
suffered at the hands of the Inquisition a few years earlier 
when he had been living in Lisbon. Rutherford was an 
able academic and, besides adding to Napier’s anti-
Rome views, gave him a good grounding in Latin and 
the other subjects then taught at St. Andrews. There is no 
record of Napier’s ever having graduated—in fact there 
is no record of exactly what he did for the next several 
years. It has been speculated that he may have been sent 
off to travel on the Continent, but it is unknown how he 
managed to obtain the rest of his education.

In 1593, Napier published a small book entitled A Plane 
Discovery of the Whole Revelation of St. John. This book 
is noteworthy in at least two respects: it was the first work 
of biblical interpretation ever published in Scotland, 
and it gave Napier the reputation of a fine theologian. 
This reputation likely saved him from prosecution when 
he dabbled in magic and witchcraft later in his life. 
Although the book was the product of many years of 
thoughtful Bible reading, it is really little other than an 
all-out attack on the Roman Catholic Church in general 
and the Pope in particular. It became so popular that it 
went through five editions in English, three in Dutch, 
nine in French and four in German. Napier is known to 
have considered this book his major life’s work and to 
have looked upon his mathematics as simply a secondary 
interest. In fact, his research was likely third or fourth on 
his list of priorities because he had to spend most of his 
time running the Napier estates.

Many writers have suggested that the invention of 
logarithms came like a bolt from the blue, with nothing 
leading up to them. This is not exactly the case because, 
like almost every other invention, examples can be 
found of parallel development by other people. Napier 
is always given the credit for logarithms because these 
other developments were either left unpublished or, in 
some cases, not recognized for what they were at the 
time.

In the time before Napier, the dread of computation was 
so strong that many mathematicians sought to create 
instruments to get around the problem. Developments 
such as the sector and various types of quadrant are 
the prime examples of this sort of thinking. The major 

computational problems of the day tended to involve 
astronomy, navigation and the casting of horoscopes, 
all of which are, of course, interrelated. These problems 
had led to a number of sixteenth-century mathematicians 
devoting their time to the development of trigonometry 
and, in particular, spherical trigonometry used in 
astronomy and navigation. Sometime in the middle of 
the 1500s (the first printed description dates from 1560), 
about fifty years before Napier published his description 
of logarithms, the problem of easing the workload when 
multiplying two sines together had been solved by the 
method of prosthaphaeresis, which corresponds to the 
formula: sin(a) × sin (b) = [cos(a - b) - cos(a + b)]/2

Once it had been shown that a rather nasty multiplication 
could be replaced by a few simple additions, subtractions 
and an elementary division by 2, it is entirely likely 
that this formula spurred mathematicians, including 
Napier, to search for other methods to simplify the 
harder arithmetical operations. In fact, several other 
such formulae were developed during Napier’s time, but 
only the method of prosthaphaeresis was of any real use 
except in special circumstances. We know that Napier 
knew of, and used, the method of prosthaphaeresis, and 
it may well have influenced his thinking because the 
first logarithms were not logarithms of numbers but 
logarithms of trigonometric sines.

Another factor in the development of logarithms at this 
time was that the properties of arithmetic and geometric 
series had been studied extensively in the previous 
century. We now know that any numbers in an arithmetic 
series are the logarithms of other numbers in a geometric 
series, to some suitable base. For example, the first of the 
following two series of numbers is geometric, with each 
number being 2 times the previous one, while directly 
underneath is an arithmetic series whose values are the 
corresponding base 2 logarithms.

 1  2  4  8  16  32  64  128  256  512  1024

 0  1  2  3    4    5    6      7      8      9      10

It had long been known that, if you take any two numbers 
in the arithmetic progression, say 3 and 4, their sum, 
7, would indicate the term in the geometric series that 
was the product of the two corresponding terms in the 
geometric series; thus, 3 + 4 = 7 and 8 x 16 = 128 (the 
third times the fourth = the seventh). This is starting to 
look very much like our own conception of logarithms as 
being the powers to which some base number is raised, a 
concept that was not understood in Napier’s time. Often 
the use of a good form of notation will suggest some basic 
mathematical principle. Our use of indices to indicate the 
power to which a number is being raised seems to have 
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an obvious connection with logarithms, but without this 
form of notation, the connection is vague at best.

Another notational problem at the end of the sixteenth 
century was with the mode of expressing decimal 
fractions. The decimal point had only been suggested 
a few years earlier in 1585 and was not yet in general 
use. Before the decimal point became common, it was 
the custom to indicate decimal fractions by one of three 
different methods. If you wished to write 3.14159, it 
would either be done as 3 l/10 4/100 1/1000 5/10000 
9/100000 or, more commonly, 3,1’4”1”’5””9””’ or even 
3(0) 1(1) 4(2) 1(3) 5(4) 9(5). Napier himself used this 
latter form of notation when writing his book Rabdologia. 
The Swiss mathematician Joost Burgi (1552-1632), 
who is often credited with an independent invention of 
logarithms about the same time as Napier’s, was able to 
see some glimmer of the idea of an index in this system of 
recording decimal fractions. Burgi, whose real profession 
was instrument maker to Landgraf Wilhelm IV of Hesse, 
managed to combine this idea of an exponent with the 
studies he had been making on arithmetic and geometric 
series and came up with an idea for logarithms. He did 
not publish anything on the subject until several years 
after Napier’s description had appeared, and even then it 
was only an anonymous printing of a short table of what 
we would call antilogarithms. As Johann Kepler states in 
the introduction to his Rudolphine Tables (1627):

. . . the accents in calculation led Justus Byrgius 
on the way to these very logarithms many years 
before Napier’s system appeared; but being an 
indolent man, and very uncommunicative, instead 
of rearing up his child for the public benefit he 
deserted it in the birth.

Kepler’s description of Burgi may have some truth in it 
because Kepler is known to have had several dealings 
with Burgi during his lifetime.

John Napier came upon the idea of logarithms not by 
algebra and indices, but by way of geometry. When first 
thinking about this subject, he used the term artificial 
number but later created the term logarithm from a 
Greek phrase meaning ratio number. He decided on this 
term because his logarithms were based on the concept 
of points moving down lines where the velocity of one 
point was based on the ratio of the lengths of the line on 
either side of it. This explanation seems a little strange 
to modern mathematicians, but it fits in very well with 
Napier’s desire to determine logarithms of sines for, as 
was mentioned in the essay on quadrants, it used to be 
the case that a sine was considered as the length of a line, 
not as a ratio of sides in a triangle.

We know almost nothing about how long Napier 
worked before he felt that the idea of logarithms was 
sufficiently refined to be worthy of publication, but 
in July of 1614, he published a small volume of fifty-
six pages of text and ninety pages of tables entitled 
Mirifici Logarithmorum Canonis Descriptio, which is 
best translated as Description of the Admirable Cannon 
(Table) of Logarithms. It was common in those days to 
dedicate a book to a nobleman, often in the hope that some 
patronage would result from doing so. Unfortunately, 
Napier had the bad luck to dedicate the Descriptio (as 
it is usually known) to the then Prince of Wales, who, 
when he later became King Charles I, was beheaded by 
Cromwell.

The Descriptio was just that, a description of the canon 
or table of logarithms of sines, with the rules to be 
followed when using them to perform multiplication, 
division, or the computation of roots and powers. It 
contained a statement that, if these tables were accorded 
the reception that Napier hoped they would get from 
fellow mathematicians, he would describe, in some 
future publication, exactly how they were discovered 
and the methods used to calculate them. Ever mindful of 
his background in theology, and following the example 
of many other writers of his day, he ended off the 
Descriptio with

Let those who reap the harvest of this small work 
pay a tribute of glory and thankfullness to God, 
sovereign author and dispenser of all good.

Our story now shifts to London, where one of the most 
famous English mathematicians of the day, Henry 
Briggs, was professor of geometry at Gresham College. 
Briggs (1561-1631) had obtained his education at St. 
John’s College in Cambridge and had become famous 
enough that he was selected as the very first professor 
of geometry at Gresham College in 1596. By the early 
years of the 1600s, his reputation had spread far enough 
that people like Johann Kepler were consulting him on 
the properties of the ellipse. In the later months of 1614, 
he obtained a copy of Napier’s Descriptio and in March 
of the following year was exclaiming that

Napier, lord of Markinston, hath set my head 
and hands at work with his new and admirable 
logarithms. I hope to see him this summer, if it 
please God; for I never saw a book which pleased 
me better, and made me more wonder.

Briggs immediately began to popularize the concept 
of logarithms in his lectures and even began to work 
on a modified version of the tables. Several years later, 
in 1624, Briggs’ newly calculated logarithms were 
published, and he stated in the Latin preface
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That these logarithms differ from those which 
that illustrious man, the Baron of Merchiston 
published in his Canon Mirificus must not surprise 
you. For I myself, when expounding their doctrine 
publicly in London to my auditors in Gresham 
College, remarked that it would be much more 
convenient that 0 should be kept for the logarithm 
of the whole sine ... And concerning that matter I 
wrote immediately to the author himself; and as 
soon as the season of the year and the vacation 
of my public duties of instruction permitted 
I journeyed to Edinburgh, where, being most 
hospitably received by him, I lingered for a whole 
month.

What Briggs was suggesting was that the base of the 
logarithms should be changed in order to make them 
easier to use. Napier had seemingly already seen the 
same thing, for as Briggs states:

But as we held discourse concerning this change 
in the system of Logarithms, he said, that for a 
long time he had been sensible of the same thing, 
and had been anxious to accomplish it, but that 
he had published those he had already prepared, 
until he could construct tables more convenient, 
if other weighty matters and his frail health 
would suffer him so to do. But he conceived that 
the change ought to be effected in this manner, 
that 0 should become the logarithm of unity, and 
10,000,000,000 that of the whole sine; which I 
could but admit was by far the most convenient 
of all. So, rejecting those which I had already 
prepared, I commenced, under his encouraging 
counsel, to ponder seriously about the calculation 
of these tables; and in the following summer 
I again took journey to Edinburgh, where I 
submitted to him the principal part of those tables 
which are here published, and I was about to do 
the same even the third summer, had it pleased 
God to spare him so long.

The result of these changes was to create the modern, 
base 10, logarithms.

There is an interesting tale told about the first meeting 
between Briggs and Napier. It seems that a certain John 
Marr, an advisor to both Charles I and James I, was 
staying at Napier’s home, Merchiston Castle, at about 
the time that Briggs was due to arrive. Napier, who 
suffered badly from gout, was left in his bedroom while 
Marr went to greet Briggs. Marr later told the story to the 
astrologer Lilly, who relates that 

… he brought Mr. Briggs into my Lord’s chamber, 
where almost one quarter hour was spent, each 

beholding the other with admiration, before one 
word was spoken

It was not only Briggs who was impressed by Napier’s 
Descriptio. In 1617, the year of Napier’s death, Johann 
Kepler first saw the Descriptio in Prague. He was too 
busy to pay it much attention but did acknowledge its 
existence in a letter to his friend William Schickard, 
where he indicated:

A Scottish baron has started up, his name I cannot 
remember, but he has put forth some wonderful 
mode by which all necessity of multiplications 
and divisions are commuted to mere additions and 
subtractions.

Further on in the same letter, Kepler made a few 
statements that indicate that he did not fully appreciate 
the power of the new system, but he can be forgiven this 
misunderstanding because it was during this period that 
he was hard at work on his third law of planetary motion. 
About a year later he had time to reread the Descriptio, 
and he became as firm a convert to the new system as 
Briggs had been when he first saw publication in 1614. 
Kepler wrote to Napier expressing his admiration and 
letting him know that he must publish the promised 
Constructio as soon as possible. Unfortunately, Napier 
had been dead for two years before the letter arrived. The 
letter may, however, have spurred John’s son, Robert 
Napier, into putting the finishing touches on his father’s 
notes and overseeing the publication of the Constructio 
in 1620.

Henry Briggs never did finish his complete recalculation 
of Napier’s logarithms. His tables, first published in 
1624, contained the logarithms of the numbers from 1 to 
20,000 and from 90,000 to 100,000, all calculated to 14 
decimal places. There are 1,161 errors in these original 
tables, or just under 0.04% of the entries. Almost all 
of them are simple errors of plus or minus 1 in the last 
decimal place; however, several more are printing or 
copying errors such as the printing of 3730 instead of 
4730, but these are easily seen by users of the tables 
because they stand out as being quite different from the 
surrounding entries. Briggs introduced the term mantissa 
(for the decimal part of the logarithm)—from the Latin 
word meaning the addition—which was often used to 
mean an appendix to a book. The term characteristic (for 
the integer part) was also suggested by Briggs but first 
used in print by the Dutchman Adriaan Vlacq.

The concept of logarithms spread rapidly. In the same 
year that Briggs’ tables appeared, Kepler published 
his first set of logarithms, and a year later Edmund 
Wingate published a set in Paris called Arithmetique 
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Logarithmique, which not only contained logarithms for 
the numbers from 1 to 1000 but also contained Edmund 
Gunter’s newly calculated log sines and log tangents. 
The first complete set of logarithms for the numbers 
from 1 to 101,000 was published by a Dutch printer, 
Adrian Vlacq (1600-1667), who was noted for his ability 
at printing scientific works (see catalog entries for both 
Vlacq and de Decker). He filled in the sections missing 
from Briggs’ work and published the whole table in 
1628. Vlacq’s tables were copied by many others in later 
years. Although the publishers seldom acknowledged 
the source of the logarithms, it was obvious where they 
came from because Vlacq’s original errors were copied 
along with the correct logarithms. It was not until the 
first quarter of the nineteenth century, when Charles 
Babbage published his famous log tables, that correct 
sets of tables were readily available at a price the average 
tradesman could afford.

One of the most famous attempts to construct error-free 
tables occurred during the period 1794-1799, when 
due to the introduction of the metric system in France, 
the quadrant was redivided into 100 degrees, a change 
requiring that all trigonometric tables be recomputed. 
G. Riche de Prony was assigned to organize the effort, 
and he started by asking several famous mathematicians 
(including Legendre) to produce the methods and 
formulae that should be used. He then hired professional 
calculators to determine some important primary results 
and then, using a method of differences, had large squads 
of workmen do the actual additions. A number of these 
workmen were evidently from among the hairdressers of 
Paris because the abandonment of powdered wigs had 
put them all out of work. Being a good student of human 
nature, Prony knew that some workmen would likely 
copy the results of others just to get out of doing their 
own work, and as he hoped to check the calculations by 
having them redone several different times, this situaiton 
had to be avoided at all costs. He therefore set up his 
calculating centers in different parts of France and took 
some pains that people in different centers should not 
communicate with each other. The resulting tables were 
never published, due largely to lack of government 
support, but extracts from them have appeared from time 
to time to solve specific problems.

Within twenty years of the time that Briggs’ tables first 
appeared, the use of logarithms had spread all the way 
around the world. From being a limited tool of great 
scientists like Kepler, they had become commonplace 
in the schoolrooms of the civilized nations. The 1646 
edition of the major English-language textbook on 

arithmetic, Robert Recorde’s Ground of Arts, contains 
this statement: 

For the extraction of all sorts of roots, the table 
of logarithms set forth by M. Briggs are most 
excellent and ready. 

Logarithms were used extensively in all trades and 
professions that required calculations to be done. It is 
hard to imagine an invention that has helped the process 
of computation more dramatically than have logarithms, 
the one exception being the modern digital computer. 
During a conference held in 1914 to celebrate the 300th 
anniversary of the publication of the Descriptio, it was 
estimated that of all the calculation done in the previous 
300 years, the vast majority had been done with the aid 
of logarithms.

The Slide Rule

The story of how John Napier invented logarithms has 
already been told in the previous section. Although they 
were usable as they stood, it was the work of Henry 
Briggs, a professor at Gresham College in London, 
that actually made them easier to use. Briggs’ work 
naturally came to the notice of Edmund Gunter, another 
professor at Gresham College, who, as described in the 
essay on quadrants, was a very practical-minded teacher 
of astronomy and mathematics. Gunter was primarily 
interested in the problems of astronomy, navigation and 
the construction of sundials (the only reasonable method 
of telling time in his day), all of which required large 
amounts of calculation involving trigonometric elements. 
Because of the trigonometric content of these problems, 
the logarithm tables being produced by Briggs were only 
of marginal help, so Gunter sat down and completed the 
calculations for tables of the logarithms of sines and the 
logarithms of tangents for each minute of the quadrant. 
These eight-figure tables were published in 1620 and 
did much to relieve the burden of calculation for finding 
one’s position at sea.

Gunter (see catalog entries for Gunter, Edmund) was 
also one of the people who contributed to the sector’s 
becoming the most useful calculating instrument of the 
day, so he was quite familiar with the process of using 
a pair of dividers to measure off various distances on 
the sector scales. This experience soon led him to realize 
that the process of adding together a pair of logarithms 
could be partially automated by engraving a scale of 
logarithms on a piece of wood and then using a pair of 
dividers to add together the two values. Not only did 
this method eliminate the mental work of addition, but 
it also eliminated the time-consuming process of looking 
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up the logarithms in a table. Gunter’s piece of wood 
soon became known as Gunter’s Line of Numbers. Its 
use spread rapidly throughout England and was quickly 
popularized on the Continent by Edmund Wingate, who 
described his contribution as follows: 

In Anno 1624, I making a journey into France, 
had the happiness to be the first transporter of the 
use of these inventions into those parts; where as 
soon as I arrived divers Mathematicians of the 
chiefest note in Paris, resorting to my chamber, 
and I communicating unto them first, the manifold 
used of the Logarithmes described upon Master 
Gunters Crosse-staff, they earnestly importuned 
me to expresse them by some short Tractite in the 
French tongue.

Gunter’s line of numbers consisted of a simple piece of 
wood, about two feet long (often the shaft of a cross-staff, 
a simple navigational sighting instrument of the time), 
marked off with a logarithmic scale in much the same 
way as one axis of a piece of logarithmic graph paper 
is marked today. If he wished to multiply A times B, he 
would open up a pair of dividers to the distance from 1 
to A on his line of numbers, and putting one point of the 
dividers on the point B, he would read off the number 
at which the other point sat. The accuracy was a little 
limited, but he had produced the first logarithmic analog 
device to be able to multiply two numbers together. 
Gunter would likely have added further refinements to 
his line of numbers, for he was a master at the design and 
use of instruments, but he died in 1626 at age forty-five 
before he was able to get enough time from his other 
duties to return to the subject of logarithmic calculating 
instruments. The next developments were to be left 
to a highly individualistic clergyman named William 
Oughtred.

William Oughtred (1575-1660) was one of the leading 
mathematicians of his day. In 1604, after having taken 
a degree at Cambridge, he was appointed rector of a 
small parish in Surrey and a few years later was moved 
to the parish of Albury, where he lived for the rest of his 
life. He was the bane of his bishop, being the subject of 
several complaints that he was a pitiful preacher because 
he never studied anything other than mathematics (which 
tends to make for dull sermons). In the days before 
regular scientific journals, information was published 
by sending it to individuals who were known to be in 
regular contact with other scientifically minded people. 
Athanasius Kircher, mentioned in connection with 
Napier’s bones, and Fr. Martin Mersenne of Paris, for 
example, were the noted post boxes on the Continent 

while William Oughtred was one of the main distribution 
points for England.

Oughtred offered free instruction in mathematics to 
anyone who was sufficiently interested to journey to his 
home in Albury. It must have been very good instruction 
because a great many of the next generation of English 
mathematicians received their training at Oughtred’s 
table. It must also have been very frustrating because 
Oughtred kept unconventional hours, often staying up 
for two or three nights in a row and ignoring meals when 
he had a good idea to pursue. There are stories of his 
wife hiding the candles in an effort to force him to get 
some rest. He made up for these late-night sessions by 
refusing to get out of bed until at least 11:00 a.m. on 
most days and often staying there all day working with a 
pen and ink pot that hung from the end of the bed.

Oughtred was what we would now classify as a pure 
mathematician. Although he had contempt for the 
computational side of mathematics and considered the 
people who used calculational instruments simply “the 
doers of tricks,” this did not deter him from becoming 
familiar with the mathematical instruments then 
available. Records indicate that he paid a visit to Henry 
Briggs in 1610 and, while there, met Edmund Gunter, 
who discussed mathematical instruments with him at 
great length.

Oughtred had noted that Gunter’s line of numbers 
required a pair of dividers in order to measure off the 
lengths of logarithmic values along the scale and quickly 
came up with the idea that if he had two such scales 
marked along the edges of different pieces of wood, he 
could slide them relative to each other and thus do away 
with the need for a pair of dividers. He also saw that if 
one had two disks, one slightly smaller than the other, 
with a line of numbers engraved around the edge of 
each, they could be pinioned together at their centers and 
rotated relative to one another to give the same effect as 
having Gunter’s scale engraved on two bits of wood.

Because of his general disdain for mathematical 
instruments, he did not consider it worth his trouble, time, 
or effort to publish a description of how he had improved 
Gunter’s line of numbers into a practical slide rule. He 
did, however, describe the system to one of his pupils, 
Richard Delamain, who was a teacher of mathematics 
living and working in London. Delamain used Oughtred’s 
ideas quite openly and would base his teaching on various 
methods of instrumental calculation.

Exactly when these ideas were communicated to 
Delamain is uncertain; indeed, it is possible (though 
unlikely) that Delamain was an independent inventor 
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of the circular slide rule. Whatever the case, Delamain 
published a description of the circular slide rule, in 1630, 
in a book he called Grammelogia, the name he applied to 
his instrument. In the dedication of the book to Charles 
I, Delamain states that he had made attempts to improve 
Gunter’s scale

 … by some motion so that the whole body of 
logarithms might move proportionally the one to 
the other, as occasion required.

It is also amusing to note that he stressed the ease with 
which his device could be used for calculation by stating 
that

 … it is as fit for use as well on horseback as on 
foot.

We have never had, nor have we ever met anyone who 
has had, a pressing need for doing multiplication while 
astride a horse, but we assume that the ability might 
come in handy in certain military situations.

In the same year that Delamain published his 
Grammelogia, another of Oughtred’s pupils, William 
Forster, happened to mention that in order to gain more 
accuracy when using Gunter’s line of numbers, he had 
resorted to using a scale six feet long and a beam compass 
to measure off the lengths. Oughtred then showed him 
how he could dispense with the beam compass by simply 
having two of Gunter’s scales sliding over one another 
and also showed him a circular disk with Gunter’s line of 
numbers marked off along the edge with two indices, like 
a pair of dividers, extending from the center. The latter 
device, which Oughtred called his Circles of Proportion, 
he claimed to have invented sometime in 1622. Forster 
was so impressed that he demanded Oughtred publish 
a description of these inventions. Oughtred, still under 
the impression that these playthings were not suitable 
objects for the true mathematician, initially decided 
against it, but when Delamain’s book appeared claiming 
them as his own invention, Oughtred agreed to publish 
and even let Forster translate his work into English so 
that the subject matter would be more widely distributed 
than if it had remained in academic Latin.

Forster’s book, entitled Circles of Proportion, came out 
in 1632 and contained a very thinly disguised suggestion 
that Delamain had stolen the idea for the circular slide 
rule from Oughtred. This started a lifelong dispute 
between the two men, neither of whom ever admitted 
that he had obtained the idea from the other. In 1633, 
probably to forestall Delamain from doing the same, 
Oughtred and Forster published An Addition unto the 
Use of the Instrument called the Circles of Proportion, 
which contained both the original Circles of Proportion 

and The Declaration of the two Rulers for Calculation, 
which described Oughtred’s scheme for having two 
scales of Gunter’s line of numbers engraved on sticks 
that could slide past one another. The complete story of 
the dispute between Oughtred and Delamain is still not 
entirely clear, and it awaits an intensive study by some 
historian with access to all the surviving documents and 
examples of the work of both men.

A few examples of Oughtred’s circles of proportion 
still exist. They generally have eight different scales 
engraved around the circumference of the disk with two 
index scales fixed to the center. These were to be used to 
transfer distances from one part of the scales to another, 
although they are mostly missing in the surviving 
examples. The eight scales usually have one dealing with 
logarithms, the others being scales indicating the values 
of sines and tangents for various angles.

The slide rule may have been developed and publicized 
in the 1630s and obtained its current form (with a 
movable slide between two other fixed blocks of 
wood) about the middle 1650s, but very little use was 
actually made of the device for almost two hundred 
years. Several special slide rules were developed and 
became quite popular (for example, a version for the 
use of timber merchants), but on the whole the sector 
remained the main analog calculating instrument. This 
is surprising because the sector was difficult to make. 
Its hinge had to be manufactured with great care, and 
it had to exert enough force so that the arms would be 
held open at any given position yet be smooth enough 
to adjust the aperture by small amounts. Like the slide 
rule, the sector’s accuracy increased with greater length, 
but longer arms put more strain on the hinge and created 
greater manufacturing difficulties. The slide rule may 
have been easier to manufacture, but the use of a pair of 
dividers was so ingrained into scientific thinking that the 
full power of the device was not exploited until the middle 
of the nineteenth century. Indeed, the early surviving 
examples of the slide rule usually show unmistakable 
signs of having been used not in the intended way, but 
by having had a pair of dividers pick off lengths along 
the logarithmic scales. Undoubtedly, another of the 
reasons for the lack of popularity was the fact that the 
scales put on slide rules were often crudely made, and as 
a consequence, the results were often inaccurate.

James Watt, better known for his work on the steam 
engine, was responsible, at least in part, for one of the 
first really well-made slide rules in the very late 1700s. 
He had spent the early part of his life as an instrument 
maker at Glasgow University and was thus familiar 
with the techniques of engraving accurate scales upon 
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instruments. After he had set up a workshop for his steam 
engine business in Soho, Birmingham, he discovered that 
he needed a device to let him perform quick calculations 
on the volumes and power levels of various engines. 
He devised a simple slide rule consisting of one sliding 
piece between two fixed stocks (a design that had been 
in use for a considerable period of time previously), 
carefully engraved the face with four basic scales and 
put tables of various constants on the back. His rule was 
accurate enough so that others soon requested copies for 
themselves, and Watt manufactured this so-called Soho 
Slide Rule for several years. Even with the example 
of the Soho Slide Rule, the general public seemed to 
ignore the power of the instrument. The great English 
mathematician Augustus De Morgan, when writing an 
article about the slide rule for the popular press in 1850, 
had to explain that

… for a few shillings most persons might put into 
their pockets some hundred times as much power 
of calculation as they have in their heads.

The big breakthrough for the slide rule came in 1850 
when a nineteen-year-old French artillery officer, 
Amedee Mannheim (1831-1906), designed a very 
simple slide rule much like that manufactured by Watt 
but added the movable cursor that we think of as such 
an integral part of the slide rule today. This was not the 
first time that a movable cursor had been combined with 
the simple sliding logarithmic scales; indeed, the first 
time had been almost 200 years earlier on a slide rule 
designed for British naval use, but it had been ignored 
and forgotten until Mannheim reinvented it. The cursor 
enabled fairly complex operations to be easily carried 
out on a simple, yet well-made, slide rule. Mannheim’s 
design was adopted as the standard for the French artillery 
and after a few years examples of it began to crop up in 
other countries. Mannheim survived his army service 
and was eventually appointed to the post of professor of 
mathematics at the École Polytechnique in Paris, a post 
that did nothing to harm the ever-growing reputation of 
his slide rule.

Despite the fact that the Europeans had begun to adopt 
the slip stick for most forms of quick calculation, it 
remained unpopular in North America until 1888, when 
several examples of the Mannheim design were imported. 
The North American market grew until, in 1895, there 
was enough of a demand that the Mannheim rules were 
manufactured in the United States. Even with a local 
source of manufacture, the slide rule remained suspect 
in North America until well into the twentieth century. A 
survey reported in the journal Engineering News that as 
late as 1901, only one half of the engineering schools in 

the United States gave any attention at all to the use of 
the slide rule.

Once the slide rule was established, its progress was 
extremely rapid. Many different forms were produced by 
several manufacturers. The number of scales to be found 
on each instrument increased to the point at which 18 or 
20 different scales were regularly engraved on the better-
quality instruments. Both sides of the rule were used and 
the center sliding portion could often be turned over (or 
completely replaced) to provide even more combinations 
of scales. Special slide rules incorporating such things as 
a scale of atomic and molecular weights were created for 
chemists, and almost every engineering specialty could 
boast that at least one manufacturer produced a slide rule 
designed for its particular use. The accuracy of the slide 
rule was improved by several individuals who modified 
the basic form so that the logarithmic scales were wrapped 
around cylinders or into spirals. One device, known as 
Fuller’s slide rule, was equivalent to a standard slide rule 
over eighty-four feet long yet could be easily held in the 
hand. It was possible to work correctly to four figures, 
and sometimes even five, with this particular unit.

 Fuller’s spiral slide rule.
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The slide rule became a symbol of the advancing 
technology of the twentieth century. It was, however, 
to be a transient symbol, quickly surpassed by the 
hand-held electronic calculator, which offered many 
times its accuracy and convenience. The demise of the 
slide rule was so rapid that it is possible to find many 
examples of people who differ in age by only four or five 
years, one of whom relied entirely on the slide rule for 
all the calculations required while at university while the 
other, who took the same course of studies, would not 
know how to use it to multiply two numbers together.
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John Napier, Baron of Merchiston, was born in 1550 
just as the Scottish Reformation was starting. He is best 
known for his invention of logarithms, but he spent a 
large part of his life devising various other schemes, both 
mechanical devices and logistical practices, for easing 
the labor involved in doing arithmetic. 

He undoubtedly used these devices in the calculation 
of his first table of logarithms. The best known of 
these devices is his Rabdologia, or as they are more 
commonly known, Napier’s rods or Napier’s bones. The 
name bones arose from the fact that the better quality 
sets were constructed from horn, bone, or ivory. Various 
authors have preferred to call them numbering rods, 
multiplying rulers, or even speaking rods, but the name 
bones has lasted. Today the bones are considered a mere 
curiosity while his other two devices have been almost 
entirely forgotten. The Promptuary of Multiplication 
was simply a modified version of his bones that, at the 
expense of being more difficult to construct, eliminated 
some of the problems of multiplying one multi-digit 
number by another. It was an interesting idea but never 
became popular. The local arithmetic device was simply 
a standard chess or checkerboard used as a modification 
of the table abacus. Each row and column represented a 
power of two higher than the one below or to the right. 
Again, it was never really used by the public because 
of the seemingly unnatural use of binary numbers. 
Napier did not at first consider these inventions worthy 
of publication; however, several friends, particularly 

Alexander Seton, the Earl of Dumfermline and High 
Chancellor of Scotland, pressed him to write them up, 
if only to avoid having others claiming them as their 
own. His descriptions appeared in a small book entitled 
Rabdologia in the year of his death and three years after 
the publication of his description of logarithms.

The idea for the bones undoubtedly came from the 
gelosia method of doing multiplication. This ancient 
method probably originated in India and spread to Arab, 
Persian and Chinese societies by the late Middle Ages. 
The method was introduced sometime in the fourteenth 
century into Italy, where it obtained its name from its 
similarity to a form of Italian window grating. 

Napier’s Rods

The Gelosia method used to multiply 456 by 128.

A set of Napier’s rods.
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The method consists of writing down a matrix like grid, 
placing one digit of the multiplicand at the head of each 
column and one digit of the multiplier beside each row; 
the product of each row and column digit was then 
entered in the appropriate box of the matrix—the tens 
digit above the diagonal and the units digit below. The 
final product was obtained by starting in the lower right-
hand corner and adding up the digits in each diagonal, 
with any carry digits being considered as part of the next 
diagonal. The illustration of the gelosia method shows 
456 multiplied by 128, with the product (058368) being 
read starting from the upper left-hand corner.

Napier’s bones are simply a collection of strips of all 
possible columns of this gelosia table. To perform the 
multiplication of 456 by 128, one would simply select the 
strips headed 4, 5 and 6; place them side by side and read 
off the partial products of 456 times 1, 456 times 2, 456 
times 8 (by adding up the digits in each parallelogram to 
obtain each digit of the partial product); then add together 
the partial products. Division was aided by the bones in 
that multiples of the divisor could be easily determined 
and thus save the time that would normally be spent in 
trial multiplication.

original number. This upside-down form of subtraction 
was one of the common methods in use in Napier’s day.

The number from the middle column of the bone (18 in 
this case) is then used to perform the second step. The 
individual bones for 18 are placed to the left of the square 
root bone, and the process just described is repeated for 
a number consisting of the digits on the topmost line and 
the digits from the original number up to the next dot 
(1001 in this instance). The closest root to 1001 is the 
number 925, which is found on row five of the combined 
bones, and this is subtracted from 1001 in the same way 
as was described earlier. The form of the computation at 
this step is shown below.

The two larger bones in 
the diagram were used 
to extract square and 
cube roots. The clearest 
way of describing their 
use is by following 
through the sample 
calculation. The adjacent 
diagrams illustrate the 
use of the bones in 
determining the square 
root of 910,116 using 
the notation that would 
have been common in 
the seventeenth century. 
The first process is to 
divide the number into 
two digit groups, the 
normal practice being to 
put a dot under the right-most digit and then under every 
second digit to the left. Taking the square root bone, one 
looks in the diagonally divided column to find the largest 
number that is less than or equal to the first pair of digits 
(91); in this case the number is 81, which is then entered 
below the horizontal lines, and the digit from the right-
most column of the bone is entered between the lines. 
The difference between the square found on the bone 
(81) and the square required (91) is entered above the 

The individual bones are now shifted left one place, and 
the bone indicated by the number in the middle column 
of the square root bone is inserted between them and the 
larger root bone. In this example, the number found in 
the middle column of row five was a 10, which means 
that the individual bones are now those for the digits 1, 
9 and 0. This final step is illustrated below, which also 
shows that the number 7,616 can be found exactly on 
row four of the combined bones. This means that 954 
is the exact square root of 910,116, and the process is 
complete.

If the result had not been exact, we could have repeated 
these steps as often as necessary to obtain the required 
number of significant figures. The process is nothing 
more than a way of aiding our standard pencil-and-paper 
method for determining square roots. The cube root bone 
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is used in a similar way, and anyone with enough interest 
can quickly determine the method by trying a simple 
example.

The use of Napier’s bones spread rapidly, and within a 
few years examples could be found in use from Europe 
to China. It is likely the two Jesuits, Gaspar Schott and 
Athanasius Kircher were partially responsible for this 
dissemination, particularly to China where Jesuits held 
office in the Peking Astronomical Board.

The obvious disadvantage of the bones was that the user 
had to write down and add up all the partial products of 
the multiplicand. In an appendix to Rabdologia, Napier 
described another, more sophisticated device he called 
a Multiplicationis Promptuarium. This consisted of a 
larger set of strips operating on the same principle as the 
bones, that would eliminate the need for recording and 
later adding up the partial products. 

This device never became popular, probably because 
of the difficulty and expense of constructing the many 
different strips required for a full set. There is only one 
known example of the device that predates 1900, a lovely 
ivory set currently housed in a Spanish museum. The 
one or two sets that were made in the twentieth century 
appear to have been constructed only for demonstration 
purposes.
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A nomogram is simply a graph of a function. It is used 
to determine values of the function for a given set of 
parameters. For example, consider a simple multiplication 
of x times y. It is possible to construct a graph with x and 
y on the axes and then the values for x times y will be the 
curved lines shown in the sample below.

his life devising transformations to make these graphical 
calculation schemes usable.

Deciding which of the many different transformations 
will result in the best nomogram is not a simple matter 
and often depends on experience rather than logic. This 
is similar to the situation when one attampts to perform 
integration of functions—the experienced mathematician 
can often see the steps that are necessary to find a 
solution where there seems to be no obvious logical rule 
that would give the same result.

 The following two sample nomograms show some of 
the schemes pioneered by d’Ocagne. The first concerns 
navigation, which requires that solutions be found to 
problems in spherical trigonometry. Given three angles 
of a spherical triangle, α1 α2 α3 and the relations

cos α1 cos α2 = cos α3

cot α1 sin α2 = cot α3

the nomogram will help in determining a solution if parts 
are unknown.

The most complex nomograms often incorporated many 
different scales.

 

 

Nomography

A nomogram for x times y, from the works of d’Ocagne.

Rather than doing a multiplication, the users of this 
nomogram can simply look up the values on the axis and, 
at their intersection, find the product—they need have no 
knowledge of the mathematics involved. It will usually 
be the case that some interpolation will be necessary, 
particularly in the above situation is which the product 
values are only shown at intervals of 5 units. To make 
this nomogram more accurate would require the product 
lines to be shown at more frequent intervals. This has 
two problems associated with it: it requires a larger piece 
of paper, and it is difficult to draw these curved lines 
with sufficient accuracy. Both of these problems can be 
overcome by simply selecting an appropriate type of 
graph paper and/or transforming the problem slightly.

In this simple case, a transformation of the axes from 
a linear to a logarithmic scale will result in the curved 
lines becoming straight. This makes them easier to 
draw, a sutation that in turn allows one to space them 
closely together on a sheet. The resultant anamorphis, or 
transformation is shown below.

The name most closely associated with developing these 
transformations to make nomography practical was 
Maurice d’Ocagne, a French civil engineer and professor 
of geometry at the École Polytechnique. He spent most of 

An anamorphis of the nomogram for x times y,  
from the works of d’Ocagne.
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The nomogram for spherical triangles.

A nomogram for use with compass problems.
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The following essay, originally titled The Sector: Its 
History, Scales, and Uses, was first published by the 
authors of this catalog in the IEEE Annals of the History 
of Computing, Vol. 25, No. 1, January 2003. We are 
grateful to the IEEE for permission to reproduce it here.

The sector, also known as the proportional, geometric, or 
military compass, was an analog calculating instrument 
used widely from the late sixteenth century until 
modern times. The origins and usage of this commonly 
encountered instrument are not well known. This essay 
provides historical background on the sector’s invention 
and on its precursor instruments, and describes the 
uses for many of the scales commonly found on these 
instruments.

was a small wonder that talented mathematicians and 
scientists sought to develop methods and mechanisms 
that would lessen the burden of computation while 
increasing accuracy. Perhaps the most successful of 
these efforts were the invention of logarithms by John 
Napier in 1614 and the development of the logarithmic 
slide rule by William Oughtred less than a decade later. 
It is noteworthy, however, that the invention of a number 
of other arithmetic techniques and instruments preceded 
the invention of logarithms and the slide rule.

Figure 1 shows a man using a two-legged instrument 
known in England as a sector but referred to in other 
Western European countries1 as a compass of proportion, 
a name that causes the sector to be confused with an 
earlier, less useful device known as the proportional 
compass. The confusion is compounded by the fact that 
both instruments are based on the geometric principles 
governing similar triangles. Even more confusion 
has arisen when inventors modified instruments to 
incorporate an aspect of the sector but retained an earlier 
name. This is seen, for example, in Coggeshall’s sliding 
rule2 where Coggeshall’s original instrument, resembling 
a slide rule, was modified into a form of sector.

Precursor Instruments and Methods

The sixteenth century was a productive period for the 
creation of various methods and instruments to simplify 
calculation. One of the earliest originated in the late 
fifteenth century by Nuremberg mathematician Johannes 
Werner (1468-1522), the Method of Prosthaphaeresis, 
from the Greek (addition) and (subtraction). The method 
is based on the relationship sin(A) * sin(B) = [cos(A - 
B) - cos(A + B)]/2, thus permitting the replacement of 
multiplication and division by addition and subtraction. 
Werner’s work3 remained in manuscript form and largely 
unknown until modern times. In 1580, Paul Wittich, a 
Silesian mathematician working with Tycho Brahe, 
seems to have rediscovered the method. Brahe regarded 
the technique as an important trade secret and was 
annoyed when Wittich disclosed it to other astronomers 
in 1584. Tycho Brahe was even more dismayed when 
Ursus (also known as Nicholai Reymers Baer) published 
the method as his own discovery in 1588.4 For a short 
time, Prosthaphaeresis was widely used, mainly in the 
fields of astronomy and navigation. The process was 
cumbersome at best, and mathematicians continued their 

The Sector

Figure 1: Mathematician using a sector to do a calculation  
(illustration from D. Henrion; L’ usage du  

compas de proportion, Paris, 1681).

Requirements for extensive arithmetic calculation 
grew rapidly during the Renaissance and in the early 
years of the scientific and industrial revolutions. It 
soon became apparent to practitioners that calculation 
by hand, particularly the multiplication and division of 
large numbers, was both laborious and error-prone. It 
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search for simpler, more powerful techniques. Their 
efforts eventually led to the development of logarithms 
and to instruments able to provide approximate but 
adequate answers to practical problems.

surveying. In particular, it was often necessary to enlarge 
or reduce a drawing by a specific amount—occasionally 
not a linear amount but rather one based on the area 
or volume of figures in the drawing. Although simple 
measuring devices, of course, could accomplish this, 
it was tedious, error-prone work. Two inventions 
helped ease this burden: the reduction compass and the 
proportional compass. (It’s unfortunate that the term 
proportional compass was also applied to the sector, 
because they are two quite different instruments.) Both 
were based on the ordinary compass or, more properly, 
a pair of dividers.

The reduction compass in Figure 3 was a pair of dividers 
with the addition of a number of movable sharp points 
that slide up and down the divider legs and can be 
fixed in place. These provide a set of measurements in 
proportion to how far the divider legs are opened. The 
sharp points were used to pierce the drawing at right 
angles and thus provide the additional advantage of 
repeatable, accurate results. The reduction compass was 
apparently invented sometime before 1570 as a precision 
drafting instrument, and it soon proved useful for finding 
proportions between figures. The instrument is said to 
have fascinated Giordano Bruno (1548-1600) because 
it was more accurate than other devices available at 
the time. The Italian-born Dominican friar was famous 
for his proficiency in the art of memory, his support of 
the heliocentric theories of Copernicus and his boldly 
expressed religious beliefs that ultimately led to his 
being burned alive as a dangerous heretic.6

Figure 2. The gunner’s quadrant, from an illustration in  
Nicolo Tartaglia’s La nova scientia, Venice, 1537.

Galileo (1564-1642), predictably, was quite familiar 
with the mathematical instruments of his day. Early in 
his career, he augmented his university income by giving 
private instruction in the art and science of military 
fortification. This provided him an opportunity to study 
the techniques used by artillerymen to solve the problems 
of loading and properly aiming their cannons. One of 
the works Galileo is known to have owned was La nova 
scientia by the sixteenth-century Italian mathematician 
Nicolo Tartaglia.5 Tartaglia, in writing of the “new 
science” of artillery, describes a gunner’s quadrant used 
to set the elevation and aim the cannon. Figure 2 shows 
this device, which resembled a carpenter’s square. The 
instrument was often inscribed with various tables—
for example, one listed the amount of powder needed 
to fire different sizes and types of shot. Before the 
standardization of artillery pieces, solving this problem 
of caliber was critical to the gunners’ accurate use of a 
cannon. Were it not for the inscribed tables, a gunner 
would be required to calculate the weight of different-
sized shot made of different materials (lead, iron, stone 
and so on). It was indeed a rare artilleryman of the 16th 
century who possessed the skills necessary to accurately 
measure, then determine volumes of, spheres and finally 
to multiply by the specific gravity of the substance. To 
understand that the problem is not limited to the sixteenth 
century, we need only recall that the ENIAC project was 
launched during World War II to expedite the calculation 
of artillery firing tables.

Another problem receiving attention at that time 
concerned drawings encountered in architecture and 

Figure 3. Reduction compass from M. Denorry, L’usage 
et practique du compas a huict poinctes, Paris, 1588.
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Figure 4 shows a second, similar instrument: the movable-
pivot proportional compass invented at the end of the 
sixteenth century by Joost Bürgi (1552-1632).7 Bürgi’s 
proportional compass is essentially a pair of dividers with 
a slot in each leg and a movable hinge set in the middle 
rather than at the end of the legs. This arrangement 
allows for two pairs of points. As the compass is opened, 
the two pairs of points span distances in a given ratio, 
depending on the position of the hinge. Rudimentary 
proportional compasses had long been commonly used 
by craftsmen and the military. The earliest had no hinge 
at all and consisted simply of crossed legs with fixed 
openings and a fixed ratio between them. The addition 
of a hinge permitted the legs to be spread so that the size 
of the openings varied but always remained in a constant 
ratio. The movable hinge permitted a wide range of ratios 
to be achieved.

Because the movable-pivot proportional compass was 
an important instrument in its day and could be found 

in regular use until well into the twentieth century, it is 
appropriate to describe it here. An understanding of the 
instrument will also be instructive in the later discussion 
of the sector.

The proportional compass was used basically to enlarge 
or reduce drawings. It had a number of scales engraved 
on the sides of the legs that permitted the user to set the 
hinge so that there was a fixed ratio between the distances 
spanned by the large and small points. The basic scale, 
called the line of lines or scale of lines, was divided so 
that a simple linear relationship existed between the two 
sets of points. If, for example, the hinge was set at the 
point marked 4, then any opening set on the large points 
would be four times the opening on the small points.

The second scale was a scale of circles, or scale of 
inscribed polygons. If the large points were set to span 
the radius (occasionally the diameter) of a circle, then 
the small points would mark off the length of the side 
of a polygon, which could be inscribed inside the circle. 
By setting the hinge to 5, for example, the user could 
easily inscribe a pentagon in the circle. This setting was 
especially useful for craftsmen who might want to set 
spokes evenly into a wheel rim or mark out the positions 
of gear teeth around a circular hub.

The third scale, which can be seen in Figure 4, was a scale 
of planes (or plans). The numbers on the scale are the 
squares of the ratio between the openings at either end. 
Thus to expand a drawing so that each figure is exactly 
twice the area of the original, you would set the hinge to 
2 on the scale of planes and transfer the measurements. 
The device could also be used to obtain the square root 
of any small number. To find a square root of x, set the 
hinge to x on the scale of planes and use the large points 
to measure the distance x on any linear scale, and the 
opposite end will now measure the root of x on the same 
scale.

The final scale was usually a scale of solids in which 
the ratio of the openings would be the cube root of 
their values. It could be used for expanding or reducing 
drawings so that the volumes of figures would be kept in 
a specific ratio. Again, it could be used to determine the 
cube root of a number by simply following the previously 
described procedure.

Invention of the Sector

Like any other invention, the sector evolved from 
prior techniques and devices. Most works describing 
this instrument give the credit to Galileo,8 some credit 
the Englishman Thomas Hood, and occasionally other 

Figure 4. An eighteenth-century proportional compass, 
from J. Barrow, A description of pocket and magazine 
cases of mathematical drawing instruments, London, 

1794.
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names are mentioned. We speculate that the invention 
was actually made by an unknown military man likely 
concerned with surveying or artillery sometime in the 
late 1500s. This speculation is based on a number of 
facts:

• Both the works of Galileo and Hood are mature in their 
content and obviously show that the instrument had 
been in use for some time prior to their publication.

• Examples of sectors that date prior to the works of 
Galileo and Hood exist.

• Suggestions of the sector are contained in earlier 
works written by military men trained in the use of 
artillery.

An example of the last point is found in a previously 
unnoticed illustration of a sector-like device contained 
in a 1594 book9 by the Frenchman Jean Errard (1554-
1610).10 Errard, a native of Bar-le-Duc, studied in Italy 
and entered the service of Charles III, Duke of Lorraine, 
when he returned to France. He later became a military 
engineer to King Henri IV. This book, likely used for 
the instruction of military cadets, contains a picture of 
a sector (see Figure 5) with the characteristic line of 
lines scale having its origin in the center of the hinge. 
Although Errard does not dwell on the computational 
uses of the device (its main use was in surveying), the 
book shows that military people were familiar with the 
form and markings on the instrument several years prior 
to the works by both Hood (1598) and Galileo (1606). 
One is tempted to assume that Errard was introduced to 
the concept during his studies in Italy essentially by the 
same people who likely introduced it to Galileo.

We know little of Thomas Hood (1556-1620) other than 
that he was the first mathematical lecturer for the City of 
London and gave public lectures there on topics such as 
the sector and other instruments. We do not know where 
or how Hood might have first learned of the instrument, 
but we presume that he learned of it through contacts 
with the military. In 1598, he published The making and 
use of the geometricall instrument, called a sector.11 
With this book title, he seems to have coined the English 
word sector (at least as it applies to a mathematical 
instrument). The book is well organized and contains 
useful diagrams, examples and exercises. It is obviously 
not a work created in haste, and this fact leads one to 
the conclusion that Hood must have been familiar with 
the sector for some time prior to 1598. Further, the book 
notifies the reader that Hood’s sectors were available for 
sale around 1594-1611 by the instrument maker Charles 
Whitwell, who engraved the illustrations for Hood’s 
book. Indeed, a sector signed by Whitwell12 bears the 

date 1597. Another sector from the same year, made by 
Robert Becket, has survived.13 Both instruments closely 
resemble the illustration in Hood’s publication.

Hood’s sector was designed mainly for land surveying. Its 
redesign for more general application was accomplished 
some eight years later by Edmund Gunter, an important 
London mathematics professor. Gunter stripped Hood’s 
sector of everything extraneous to calculation and has, 
in the past, been credited with inventing the device.14 It 
is clear, however, that both Galileo and Hood developed 
their sectors before Gunter did.15

In 1620, it was Gunter who first plotted the logarithmic 
line of numbers (where distances are proportional to the 
logarithms) along a two-foot metal straight edge. He 
thus created Gunter’s scale, an instrument that, with the 
aid of a pair of dividers, can be used to multiply and 
divide. It was by sliding two Gunter’s scales against each 
other that William Oughtred, a minister of the gospel and 
an accomplished amateur mathematician, invented the 
logarithmic slide rule.

The precise priority for invention of the sector may never 
be clearly established because date of publication is only 
one indicator, albeit a major one. It was not uncommon, 
then as now, for a practitioner to defer publishing for 
several years. For example, Napier mentions that he 
published Rabdologia,16 his book on rod reckoning, at 
the urging of Alexander Seton, Earl of Dunfermline and 
Chancellor of Scotland. Seton noted that “the rods have 
found favor with so many people at home and abroad 
lest they be published under someone else’s name.”17 
Similarly, Galileo is known to have made and sold copies 
of his sector and to have taught its use to his private 
students several years before his first publication on 
the subject in 1606. His invention of the geometric and 

Figure 5. Sector as illustrated by J. Errard, La geometrie 
et practique generalle d’icelle, Paris, 1594.
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military compass seems to have evolved out of a course 
he taught on the subject of military architecture and 
fortification from the time he was appointed professor of 
mathematics at the University of Padua in 1592.

Unlike Napier and Hood, Galileo chose to be secretive 
about his instrument’s particulars. He had a craftsman 
move into his own house so that the instruments would 
be built and sold under his direct supervision and control. 
In 1606, when he had a set of notes printed18 for his 
students, he had the printer work from his house as well. 
Significantly, Galileo’s notes are written in Italian (rather 
than Latin, the more usual language for contemporary 
scientific publication) and do not contain a drawing 
or diagram of the instrument, let alone details of its 
construction. Galileo intended the book, which was his 
first published work and limited to sixty copies, to serve 
not as a scholarly treatise but as an instruction manual 
for the common soldier and of little use to anyone who 
did not own one of his devices.

Galileo’s efforts at what we might today characterize as 
intellectual property control had little success. Just one 
year later, in 1607, Baldassar Capra, a young Milanese 
student, obtained a copy of Galileo’s notes from a 
mutual friend and published a Latin paraphrase of the 
work,19 claiming the device as his own invention. Capra 
succeeded only in embarrassing Galileo while at the same 
time ensuring his own notoriety if not renown. Galileo, 
who had dedicated his work to Cosimo de Medici in 
hopes of obtaining Medici patronage, was mortified. He 
obtained several affidavits from prominent personages 
affirming that he had invented the sector, dating back 
to 1597, and filed a complaint against Capra with the 
university governors. The governors in turn appointed a 
tribunal of three professors to adjudicate the matter. At 
the hearings, Galileo was able to interrogate Capra and 
show that Capra’s book contained fundamental errors as 
well as instances of direct plagiarism.

In short, Galileo established that Capra did not properly 
understand the sector and could not have devised it. 
The fraud was apparent. Capra was expelled from the 
university, and all copies of his book were ordered 
confiscated and destroyed. Copies found in possession 
of Capra and of his printer were dealt with as ordered. 
Galileo’s personal copy of Capra’s work, his annotations 
in the margins expressing his exasperation, has survived 
in the Biblioteca Nationale in Florence. Unfortunately 
for the authorities, some thirty copies had already been 
shipped out of Italy. Of these, only a handful have 
survived, creating an item of great bibliophilic rarity. 
Though vindicated, Galileo remained concerned about 
the impact Capra’s book might have on his reputation 

elsewhere. Later that same year, he published and widely 
distributed a complete exposition of the entire affair.20

A full and accurate description of the Galileo sector did 
not appear until 161321 when Martin Bernegger published 
a Latin translation of Galileo’s 1606 work, adding a full 
description of the instrument and its construction. Galileo 
himself did not publish a diagram of his instrument until 
the second edition of his work in 1640.

There are no known contacts, even through third parties, 
between Hood and Galileo, and thus it would appear 
that their publications on the sector were independent. 
Generally speaking, like many other such devices, it is 
quite likely that simpler versions were in use by craftsmen 
and the military before these two mathematicians were 
aware of them.

The Sector

Although the precursor instruments were useful devices, 
they each lacked some ability possessed by the others. 
The true proportional compass was certainly the most 
versatile, but it was limited by its inability to perform 
arithmetic operations and by the fact that the narrow 
legs would allow the instrument maker to inscribe only 
a small number of scales. By taking the concept of 
a pair of dividers, flattening the legs to allow a larger 
number of scales and inscribing lines that would allow 
multiplication and division, a much more general 
instrument became possible.

The operation of both the sector and the proportional 
compass is based on the fact that similar triangles have a 
single ratio between their various sides. In Figure 6, the 
two triangles ACD and ABE are similar, and the ratio 
of the length of their sides (AB/AC) is identical to the 
ratio of the length of their bases (BE/CD). This ratio 
would allow for simple multiplication and division. If 
you could easily create a triangle where, for example, 
the length of a long side (AC) was seven times that of a 
short (AB), then the length of the long base (CD) would 
always be seven times that of the short (BE).

Figure 7 shows how the sector can be opened to form an 
arbitrary angle and how a pair of dividers can be used 
to easily measure distances across the gap at various 
points. The hinged sector, when opened, forms the two 
sides of a pair of similar triangles, and a pair of dividers 
can measure the bases.

As shown in Figure 8, early versions of the sector,22 
particularly those of Galileo23 and his followers, also 
contained a cross-piece (or quadrant arc) that would let 
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the device be used for sighting of angles, measuring the 
elevation of guns and other similar tasks. Although it 
still occasionally shows up on sectors after 1650, it soon 
became an “accessory” that was not even mentioned in 
the majority of works describing the instrument.

The Use Of The Sector

Although sectors often contain a variety of lines and 
tables, the true sector scales all originate from the center 
of the hinge and radiate down each leg. The scales 
are paired, with identical versions on each leg. To use 
these scales, measurements must be taken with a pair of 
dividers, as shown in Figure 9. The measurements are 
either from the center of the hinge down a scale (known 
as a direct measurement) or across the opening from a 
point on one leg to the same point on the other (known as 
a transverse measurement). Occasionally there would be 
some use for measurement between two different points 
of the legs (known as an oblique measurement), but this 
was rare. The accuracy of any sector computation is a 
direct result of how well the scales are engraved and how 
easy it is to take the measurements (although the care 
with which the hinge is made also plays a role).

In most operations, the usual procedure is to take a direct 
measurement along a scale using a pair of dividers. The 
second step is to open the sector until this distance just 
spans some specific mark on the two scales (a transverse 
measurement). The dividers can then be used to take 
another transverse measurement on the open sector 
between two other points on the same scale. This last 
distance will provide the required answer (usually found 
by seeing what direct measurement the dividers yield 
along the scale).

Not all sectors are inscribed with the same scales; 
however, all have a line-of-lines scale. As sectors 
evolved for different problems, they were engraved with 
different sets of markings (or furniture, as it was often 
called). The following section will explain most of the 
commonly found scales. Individual instrument makers 
each had their own preferences for labeling the scales; 
such lack of uniformity was characteristic.

The scales may be divided into two groups. The first 
contains those that are true sector scales—the scales are 
twinned with one on each leg and have their origin in the 
center of the hinge. The other group has scales placed 
on a sector for convenience although they were often of 
more use than the “true” sector scales, they will usually 
only be found as a single scale engraved on one leg, and 
the origin will not usually be in the center of the hinge.

Figure 6. The basic concept of similar triangles on which 
the operation of the sector is based. 

Figure 7. Illustration of the use of a sector from B. Capra, 
Usus et fabrica circini cuiusdam proportionis, Padua, 1607. 

Figure 8. The form of Galileo’s sector with quadrant arc. 
From G. Galilei, Tractatus de proportionum instrumento, 

Strasbourg, 1635.
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Line of lines

The line of lines is usually marked L, Lin, or Arithmetica 
at the end of the scale. This is the fundamental line 
on a sector and the one used for operations such as 
multiplication and division. Each scale extends from 
the hinge to the end of each leg and is usually equally 
divided into 1,000 parts (100 or 200 on the smaller 
sectors). The lines are used to form the adjacent sides of 
the two similar triangles.

As an example, consider the problem of dividing 100 by 
3. Choose any two numbers such that one is three times 
the other, say 9 and 27. Open the dividers so that they 
span a direct measurement of 100 units (measure this 
distance from the center of the hinge to the point marked 
100 on the line of lines). Now open the sector so that 
this distance spans the two points marked 27 on the legs 
(a transverse measurement). You have now produced 
a triangle in which the lines AC and AD are 27 units 
long and CD is 100 units (Figure 6). Now take another 
transverse measurement: with the dividers, measure the 
distance spanned between the points marked 9 (the base 
of the smaller triangle). This distance, when measured off 
on the line of lines, will equal 33.3 (the desired result).

This linear scale can also be used by itself for finding 
square and cube roots, but the process is complex, and 
other scales were usually created for the purpose. The 
scale also provides a standard measure against which 
many of the others are calibrated. For example, see the 
explanation of the lines of squares, cubes and so forth.

The line of lines is also used when dividing a line into 
various lengths. For example, if you needed to mark 
off 41/92 of a three-inch line, open the dividers to three 
inches, set this as the transverse distance between the 
points 92 on each scale, and then the transverse distance 
between points 41 will be the required length.

Line of quadrature

The line of quadrature is usually marked Q, or Quad, at 
the end of the scale. From the edge, toward the hinge, the 
marking will usually be Q, 90, 5, 6, S, 7, 8, 9, 10 (S stands 
for square). The direct distance to Q represents the side 
of a square. This distance is usually the same as that of 
the full extent of the line of lines. The direct distances to 
5, 6, 7, represent the lengths of a side of a polygon with 
5, 6, 7, sides with an area equal to the area of the initial 
square. The direct distance to S will be the radius of a 
circle with an area equal to that of the square. The direct 
distance to 90 will be one quarter of the circumference 
of a circle of radius Q.

Example: Knowing the radius AB of a circle, find a 
pentagon of the same area. Open dividers to the direct 
distance AB on the line of lines. Open the sector until this 
distance spans the marks S on the two lines of quadrature. 
The length of the side of the required pentagon will now 
be found from the distance spanning the points marked 5 
on the two quadrature scales.

Line of inscribed bodies

The line of inscribed bodies is also known as 
Protographicae, or Polygonae interiores. From the 
edge, toward the hinge, the markings are usually T 
(tetrahedron), O (octahedron), C (cube), I (isoca-
hedron), S (sphere) and D (dodecahedron). The distance 
from the hinge to S represents the radius of a sphere, 
and the other distances are the lengths of sides of the 
five regular solids that may be inscribed in that sphere. 
Any radius may be used simply by following the same 
process already described in the line of quadrature. (See 
also line of equated bodies, next.)

Figure 9. The various measurements that can be taken on a 
sector. (Reprinted from J. Leupold, Theatrum arithmetico-

geometricum, Leipzig, 1727).
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Line of equated bodies

The line of equated bodies is easily confused with the 
line of inscribed bodies because the markings are often 
the same. It performs the same tasks, except that the 
lengths of the sides given for the regular solids are for 
those whose volume equals that of a sphere of the given 
diameter, not those that can be inscribed in the sphere.

Line of superficies

This line indicates surfaces or planes and is usually the 
same length as the line of lines. From the hinge, the scale 
is numbered 1, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. Given any two 
figures, A and B, of the same shape but not the same size, 
this line will determine the ratio between their areas. Take 
the length (direct measurement), from the line of lines, 
of any side of the larger figure and open the sector until 
this transverse distance just spans the two end points of 
the superficies scale. Measure the distance of the same 
side on the smaller figure and find which points on the 
two superficies scales now span that transverse distance 
(say, 4.6). The smaller figure is then 46 percent of the 
area of the larger. (See also line of solids, next.)

This line is also useful for determining square roots. 
To obtain the square root of x, open a pair of dividers 
to the direct distance x on this line; that same distance, 
measured along the line of lines, will yield the square 
root of x.

Line of solids

This line is similar to that of the line of superficies. It is 
usually marked, from the hinge, with 1, 1, 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10. Its use is identical with the line of superficies 
except that its use is for volumes rather than surface 
areas. Similarly, this line is used to determine the cube 
root of a number.

Line of metals

This line is usually marked with the old alchemical 
symbols for gold, mercury, lead, silver, copper, iron and 
tin. The marks are placed so that the direct distance from 
the hinge represents the radius of a sphere of each metal 
that would have equal weight.

Example: If a sphere of gold weighs x, what would an 
equal sphere of tin weigh? Open the dividers to the direct 
distance x on the line of lines. Open the sector so that this 
distance just spans the two marks for gold (a transverse 

measurement). The transverse distance spanning the two 
marks for tin will, when taken as a direct measure along 
the line of solids, give the weight of the tin sphere.

Line of polygons

The line of polygons, usually marked with a P or Poly, is 
usually found on a sector. It will have numbers inscribed 
that represent the lengths of the sides of regular polyhedra. 
The point numbered 6 may be marked with a special 
symbol and is used to inscribe a regular figure in a circle. 
Open the sector until the transverse distance between the 
“6” points equals the radius of the circle (because the 
radius will divide the circumference into six parts). The 
length of the side of any regular polyhedron can now be 
determined by the transverse distance between any other 
points on the scale (the distance between the “4” points 
will divide the circumference into four, and so on). 
Although this seems like a process of only mathematical 
interest, in fact it is useful when producing drawings for 
items such as gears or wagon wheels and is also useful in 
the decorative arts for producing illustrations of regular 
figures such as flowers.

Another practical job would be to create a figure such 
as an octagon with sides one inch long. If the dividers 
are opened out to one inch, and then the sector is opened 
until this transverse distance spans the points marked 
8, the transverse distance between the “6” points will 
represent the radius of the circle that can contain such 
an octagon (or the size of the material from which it can 
be cut).

Line of hours and line of latitudes

These scales are usually found on non-sector instruments 
(in that they do not rely on the proportional abilities 
of an opening sector) but are often found inscribed on 
unused portions of the edges of sector legs. They can be 
used, with the line of lines, to proportionally increase 
or decrease the sizes of any of their dimensions. They 
are mainly used in creating sundials, the two lines being 
used to lay out the markings for any given latitude.

Trigonometric lines

Trigonometric lines (line of chords, secants, sines, 
versed sines, tangents, half tangents and so on) are also 
commonly found. The trigonometric functions are not 
defined the same as those we know today (in which the 
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functions, such as the sine, are ratios of the length of two 
sides of a triangle). 

Figure 10 shows a circle and an angle (φ) marked off along 
the circumference. With respect to the given radius,24 
the various trigonometric functions were defined as the 
lengths of specific lines, for example:

• chord of φ was the length of the line BD,

• sine of φ was the length of the line BE,

• versed sine of φ was the length of the line DE,

• tangent of φ was the length of the line DC,

• half tangent of φ was the length of the line AF (the 
half tangent is really the tangent of half the angle), 
and

• secant of φ was the length of the line AC.

These scales (usually marked in degrees) were such 
that the direct length from the hinge to φ was the actual 
length of the line from the diagram shown in Figure 10. 
Of course, the length of each of these lines would be 
different for each defining circle of a different radius. 
Because the sector could be used to enlarge or contract 
any of these lines by any given ratio, it provided the 

functionality of the modern ratio definitions of the 
functions.

The trigonometric scales are often found paired (one 
on each leg). They are also found as single scales 
where any arithmetic operation would be performed 
by first measuring the distance along the trigonometric 
scale and then using that value in the same way as a 
measurement taken from the line of lines would be used 
for multiplication or division. Often, measurements 
could be combined—for example, the scale of sines and 
secants do not overlap (the sine of 90 degrees is equal to 
the secant of 0 degrees), so they could be placed on the 
same scale. This is easily seen in Foster’s sector scale (of 
which Figure 11 shows a portion).25

The tangent scale was often a problem because the 
lengths could only be inscribed from 0 to 45 degrees 
without running off the end of the sector. The scales of 
half tangents would permit working with tangents to 
about 76 degrees. Occasionally, there is a tangent scale 
defined on a circle of much smaller radius that would 
allow even larger angles to be included in calculations. 
Similarly, the secant scale is usually limited to between 
0 and 75 degrees.

These trigonometric lines were used for all types of 
calculations involving angles and were of particular 
significance in navigation. 

Meridian line

The meridian line is the line of rhumbs. This scale (a 
single scale not part of the paired scales originating at 
the hinge), first put on a sector by Edmund Gunter, is 
essentially a measure of how much Mercator’s projection 
of the sphere differs from reality. This information is 
vital to navigation and map making. Its main use was 
to determine the distance between any two lines of 
latitude at a given longitude so that a navigator could 
determine the distance sailed on a particular course or 
rhumb when not sailing in one of the four major compass 
directions. The line of rhumbs is actually a line of chords 
with different markings. Rather than being marked 
in degrees, the divisions were usually put every 11.25 
degrees (numbered from 1 to 8), which correspond to the 
headings on the points of a mariner’s compass.

Figure 10. The old way of defining trigonometric functions 
depended on a circle of known radius. 

Figure 11. The overlapping of scales illustrated by a scale of sines and secants,  
reprinted from E. Gunter, The works of that famous mathematician Mr. Edmund Gunter, London, 1673.
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Figure 12. The hinge of the sector. Reprinted from J. Leupold, Theatrum arithmetico-geometricum, Leipzig, 1727.

Figure 13. A French sector.  
Reprinted from J. Leupold, Theatrum arithmetico-geometricum, Leipzig, 1727.

Figure 14. A Gunter (English) sector.  
Reprinted from E. Gunter, The description and use of the sector ..., London, 1624.

The SectorThe Sector



Erwin Tomash Library

1466

Construction of the Sector

There are two main factors that influence the accuracy 
and ease with which a sector can be used—the hinge 
and the scales. The hinge, as Figure 12 shows, was 
crucial because it had to be made to move easily so that 
the sector could be opened without effort. The need 
to employ force would lead to inaccurate settings and 
potential “backlash” problems. On the other hand, the 
hinge must be such that, once opened, the sector would 
not move away from its setting during the taking of the 
other transverse measurements.

The other major consideration was the scales themselves. 
Much, of course, depended on the skill of the instrument 
maker, but the simple design of the scales was a big 
factor in how easily they could be used. Sectors fall 
into two distinct groups: the European sectors (Figure 
13), often called French sectors, and the English sectors 
(Figure 14). As noted, English sectors all evolved from 
the design by Edmund Gunter, a professor at Gresham 
College, who, in turn, took his inspiration from the 
original work of Thomas Hood.

As the illustrations show, the English sector is more 
utilitarian than the continental version. The scales on the 
English sector are clearly marked with subdivisions of 
different lengths, which make them much more accurate 
to use. This difference can be easily seen by looking at 
sections of the line of lines scales from each instrument 
(Figures 15 and 16).

Special Sectors

Several other special-purpose sectors are worth noting, 
particularly the hingeless sector and the Gunner’s 
compass.

The Hingeless Sector

For an accurate, high-quality sector, a good hinge is 
essential. Difficulties with the hinge proved to be a 
deterrent to making and using the sector, especially in 
the early days of the device. To overcome this problem, 
makers attempted to produce instruments with the same 
functionality but without the necessity for a hinge. 
Benjamin Bramer (who was brought up by his older sister, 
the wife of Joost Bürgi) produced the first such device in 

1616, only a few years after the first publications had 
appeared on the sector.

Bramer’s device (shown in Figure 17) used a removable 
leg hinged with a pin through a hole at the end of each 
scale, thus avoiding the problems of hinge production. 
This also allowed him to construct each scale on an 
individual line and avoid the problem of interference 
of scale graduations near the hinge (where, in the usual 
form of the instrument, all scales come together at a 
point). Bramer’s ingenious solution did, however, have 
the major disadvantage of being difficult to use with 
accuracy. In this hingeless sector, the standard technique 
of making direct and transverse measurements between 
scales is not used. Instead, the dividers are first set by a 
direct measurement; then with one foot of the dividers 
on a scale, the movable leg is positioned so that the other 
foot just brushes it at the nearest point. The leg would 
then be held in that position and the dividers reset to 
measure the closest approach of the leg to other points 
on the scale in use.

Figure 15. The line of lines scale from a European sector.  
Reprinted from J. Leupold, Theatrum arithmetico-geometricum, 

Leipzig, 1727.

Figure 16. The line of lines scale from an English sector.  
Reprinted from E. Gunter, The description and use of the sector, 

crosse-staffe, and other instruments, London, 1624.

Figure 17. Bramer’s hingeless sector.  
Reprinted from B. Bramer, Bericht und gebrauch eines 

proportional linials: Neben kurtzem underricht eines parallel 
instruments, Margurg, 1617.
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Bramer’s sector was equipped with scales for a line of 
lines (for arithmetic), a line of circles, a geometric line 
(for working with triangles), a line of planes (for areas) 
and a line of solids (for volumes), as well as others for 
gnomonic calculations.

Later instrument makers used similar approaches in 
an attempt to construct more functional universal 
instruments. Various mathematicians, particularly the 
Englishmen John Collins and William Leybourn, added 
various sector scales to the edges of a quadrant (Figure 
18) while replacing Bramer’s movable leg by the string 
that attached the plumb bob. None of these adaptations 
proved particularly satisfactory, at least judging from 
their subsequent use on other instruments.

The Gunner’s compass (Gunner’s calipers, or 
Gunner’s sector)

The Gunner’s compass in Figure 19 is a modification of 
the sector for use with artillery. The major modifications, 
as the figure shows, are that the two legs have been 
hollowed out slightly. This change allowed a gunner to 
place a cannonball in the space and pull it out through the 
points of the jaws (which were usually reinforced with 
iron tips) to determine the diameter (termed a convex 
diameter). The scales on the device were constructed so 
that once the size of the ball had been found, all the other 
necessary information could be obtained at a glance. 
Most Gunner’s compasses also let the user cross the legs 
over the top of each other and let the reinforced metal 

points be used to measure the diameter inside the mouth 
of a cannon (concave diameter).

The markings on a Gunner’s compass were usually a 
selection of the following:

• Scale of convex diameters in inches, often marked 
“shot diameters” (this may be on the circular hinge or 
markings on the flat legs where they cross)

• Scale of concave diameters in inches, often marked 
“bore diameters” (either on the hinge or marked on 
the legs where they would cross)

• Weights of iron shot of various diameters

• Weights of iron shot to be used in various caliber 
guns (often combined with the scale of concave 
diameters)

• A scale of degrees

• A table of the relations between troy and avoirdupois 
weight systems

• A table of the relations between English and French 
lengths and weights

• A table of formulas involving circles and spheres

• A table of the specific gravity and weight of different 
substances

• Tables of the amount of gunpowder to be used for 
proof and service charges for both brass and iron guns 
of different caliber (usually from 1/2 to 42 pounders)

• Formulas for calculating the number of shot in a pile

• Formulas for calculating the speed of falling objects

• Formulas for calculating the power needed to raise 
water

Figure 18. Sector scales on the edges of a quadrant.  
Reprinted from J. Collins, The sector on a quadrant, London, 

1658.

Figure 19. The Gunner’s compass.  
Reprinted from J. Robertson, A treatise of such mathematical 

instruments, as are usually put into a portable case,  
London, 1757.
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• Formulas for calculating ranges of cannon and 
mortars

• A ruler marked in inches

• Logarithmic scales of numbers, sines, versed sines 
and tangents

• A sector line of lines

• A sector line of planes

• A sector line of solids

• A sector line of polygons

With these scales a gunner could solve almost any 
artillery problem encountered.

Although many examples of a Gunner’s compass 
exist in museum collections, they are often elaborate, 
decorative instruments that were at one time part of a 
costly presentation set. Few examples of used, well-worn 
devices are known. This gives rise to the conjecture that 
the Gunner’s compass was beyond the capacity of most 
artillery officers and not much used in practice.

Conclusion

The sector was a demonstrably useful calculating 
instrument at a time when the demand for accurate 
arithmetic calculation was rapidly growing and laymen, 
when poorly educated in mathematics, were unqualified 
to perform even elementary arithmetical operations. 
That the instrument had limited accuracy (arising from 
its analog nature and the imprecision of its manufacture) 
was a matter of little concern to those in need of rapid, 
approximate solutions to practical problems.

The status of the sector declined within a few decades 
of its invention when it was replaced by logarithms and, 
more particularly, the logarithmic slide rule. The decline 
accelerated after knowledge of arithmetic became more 
widespread, and the materials for performing calculation 
(velum, pen and ink) were replaced by less costly rag 
paper and pencil.

Many of the sectors found in museum collections today 
show puzzlingly little wear, let alone signs of heavy 
usage. One possible explanation is that only relatively 
expensive sectors made from brass or other alloys have 
tended to survive and that everyday examples, usually 
made from wood, were discarded after they became 
worn. A more plausible explanation, perhaps, is that 
the sector’s complexity, inaccuracy and difficulty of 
use placed it beyond the capability of the ordinary 
practitioner. Certainly by 1880, when the logarithmic 

slide rule was equipped with a cursor and was becoming 
commonplace, the sector had become unfashionable and 
a novelty.26

Curiously, even though the sector is no longer found as 
part of the standard set of drawing and mathematical 
instruments, we still have evidence at hand of its former 
presence. Most drawing sets contain at least one pair 
of dividers despite the fact that dividers have only a 
vestigial function today. Once the sector was obsolete, 
it would be reasonable to expect that the accompanying 
device needed to use it—a pair of dividers—would also 
become obsolete. The sector has fallen into oblivion, 
and what was once essential for its use is now simply a 
cultural relic.
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City, Newberry Library, Chicago, 1991.

11. T. Hood, The making and use of the geometricall 
instrument, called a sector, London, 1598.
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Instrument Soc., no. 38, 1993, p. 28.

13. A. Turner, Early Scientific Instruments, Sotheby’s, 
1987, p. 159.

14. See, for example, J. Ward, The Lives of the 
professors of Gresham College, London, 1740.

15. Although Gunter’s book (The description and use 
of the sector) was only published in 1624, it is clear 
that a manuscript version was available as early as 
1606.

16. J. Napier, Rabdologiae seu numerationis per 
virgulas, Edinburgh, 1617.

17. From the dedicatory epistle in the English 
translation of Napier’s Rabdologia: “Rabdology by 
John Napier,” W. F. Richardson, translator, Tomash 
Publishers, 1990, p. 3.

18. G. Galilei, Le operazioni del compasso geometrico 
et militare, Padua, 1606.

19. B. Capra, Usus et fabrica circini cuiusdam 
proportionis, Padua, 1607.

20. G. Galilei, Difesa di Galileo Galilei, Venice, 1607.

21. M. Bernegger, translator, De proportionum 
instrumento, Strasbourg, 1613.

22. For example, see G. Galilei, Tractatus de 
proportionum instrumento, quod merito 
compendium universæ geometriæ dixeris, M. 
Bernegger, translator, Strasbourg, 1635.

23. Thomas Hood’s first sector also had a quadrant arc.

24. The radius is usually the length of the line of lines, 
but occasionally a sector is inscribed with another 
line, usually labeled as a line of 6 or 60, which is the 
defining radius. In the latter case the other scales, 
such as those for dialing, may also be related to this 
line.

25. This scale was first devised by Samuel Forster and 
published in E. Gunter, The Works of that Famous 
Mathematician Mr. Edmund Gunter, fifth edition, 
London, 1673.

26. See, for example, F. Edward Hulme, Mathematical 
drawing instruments and how to use them, London, 
1880.
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Surveying has a long history. It likely started in 
civilizations where, due to things like the yearly 
Nile flood, it was necessary to lay out land holdings 
periodically. Indeed, we know that the Egyptians had 
expert surveyors—Herodotus refers to them as “rope 
stretchers.” Even the most primitive form of survey 
certainly uses measurement and often involves calculation 
and elementary trigonometry. It was the simple right- 
angled triangle that provided the usual theoretical basis 
for calculation of distances.

The instruments available to the surveyor, up to the 
beginning of the seventeenth century, were some form 
of level, a surveyor’s cross (to establish right angles) 
and a form of the “shadow” scales often found on the 
back of an astrolabe. Sometime in the fifteenth and 
sixteenth century, these simple instruments began to be 
elaborated, by people like Peter Apian, into devices that 
were both easier to use and involved more sophisticated 
trigonometric concepts. Apian introduced decimal 
graduations of some of the scales, which made the 
arithmetic easier to perform, but these took a long time 
to replace the customary markings.

Elementary levels were important in survey work 
involving water works and aqueducts. The simplest form, 
dating from pre-Roman times, was a box containing water 
and a set of sights. The instrument was adjusted until the 
water was a uniform distance from the top of each side 
of the box, and then this level line could be projected 
out via the sights. One of Gaspar Schott’s books listed 
the instruments in use in about 1660 and three forms of 
elementary level (including the water box) can be seen in 
one of his illustrations.

The sighting of right-angled triangles remained the 
basis for most survey work until about the middle of the 
seventeenth century. Prior to that time some sophisticated 
works would include methods of calculation based 
on similar triangles (the same principle used in the 
instrument known as a sector), but this was not common. 
Most books would begin with an explanation of how the 
shadow scales are related to the casting of shadows by 
an object and how if the length of the shadow is known, 
then the height of the object can be found.

Surveying Instruments

Elementary leveling instruments from Gaspar 
Schott, Pantometrum Kircherianum, 1660.

An astrolabe with shadow scales from Bartoli, 
Misurare le distante, 1564.

Shadow scales, early ones being divided into 12 
subdivisions, are a standard fixture on both astrolabes 
and quadrants. They were introduced as part of the 
astrolabe by al-Battani (850-929 AD). The vertical and 
horizontal scales are designated the umbra recta and 
umbra versa. Those drawn on a quadrant, while in the 
shape of a chevron rather than a rectangle, retained the 
same names.

In order to increase the accuracy, the scales were enlarged 
until they became the whole instrument, which was then 
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named the surveyor’s square (often called a geometric 
square or squadra). This could be used by either having 
built-in sights and a plumb bob (like a quadrant) or, more 
commonly, having a movable alidade with sights. The 
interior of the instrument was, in the less sophisticated 
examples, left open but could also be used for a degree 
scale like a standard quadrant. This dual instrument 
could be used with both shadow scales and degrees. The 
accompanying illustration is of a particularly fine device 
by Hulsius. 

Right-angle triangles are easy to obtain when attempting 
to find the heights of buildings, but they are more difficult 
when the surveyor is attempting to determine the size of 
a horizontal field. Doing this requires a device known 
as a surveyor’s cross. The cross started out as a simple 
sighting device, usually a plane box with two grooves at 
right angles. This elementary version can be traced back 
to very ancient times but was still in use in the sixteenth 
century. It had some drawbacks, the main one being 
accuracy—sighting down two perpendicular grooves (or 
even through two small holes in perpendicular sights) 
to accurately set up a right angle was difficult. The 
major development during the sixteenth and seventeenth 
centuries was to replace this crude system with one in 
which the sights provided a wide-angle view of the target 
while, at the same time, could be accurately aligned by 
means of threads stretched across the openings.

Once a right angle had been established, sightings were 
taken of the far target (and usually some nearby object, 
the distance to which could be easily measured), and the 
calculations could then be done to determine the distance 
to the target—which was usually along the hypotenuse 
of the triangle. This calculation requires using the 
theorem about the square on the hypotenuse being equal 
to the sum of the squares on the other two sides, and thus 
many of these early books had to describe the process 
of finding a square and a square root. A number even 

included tables of square numbers (usually from 1 to 
1000, but occasionally for other values).

The sightings for right-angle surveying could be easily 
taken from an astrolabe or quadrant (using either the 
shadow scales or degree markings) positioned on its side 
rather than being hung vertically. Various other similar 
devices, often used with both right-angle and similar 
triangle surveying techniques, were created that used a 
compass to provide the angle measurements. 

Once all sightings had been made, it was necessary to 
draw up a map of the area. This was a time-consuming 
and difficult problem for someone working from the 
notes taken with quill pen and liquid ink while actually 
taking the measurements. To get around this problem, 
the plane table was created to produce the map directly 
from sightings in the field. It was called a plane table 
because it was a simple, plain surface with no sighting 
vanes, engraved scales or other devices. A large piece of 

A quadrant with shadow scales as depicted in Bartoli, 
Misurare le distante, 1564.

A surveyor’s square as illustrated in Hulsius, Levinus, 
Theoria et praxis quadrantis geometrici, 1594.

A surveyor’s cross as depicted in Helsius, 
Ocularis, 1596.
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paper would be fixed to the table, and sightings would 
be taken with a movable ruler equipped with sights. 
When the ruler had been aligned, a line could be drawn 
directly on the paper. If the surveyor was careful to keep 
everything to scale, it would be possible to produce a 
reasonably accurate representation of an area directly in 
the field.

When it came to determining elevations as well as plane 
mapping, several other instruments were developed to 
take angle sights in either the horizontal or vertical plane. 
While the standard astrolabe could accomplish this task, 
it was much more convenient to have a device that could 
be mounted on a universal joint so that it could be kept 
in one position and rotated to measure angles in any 
plane. This type of device (which often had two movable 
sighting vanes) also allowed the break from right-angled 
triangle surveying to a method based on similar triangles 
(“rangefinding”).

This development led to attempts to combine the plane 
angle and elevation sighting devices into a single 
instrument. The first attempts were more clumsy than 
useful, such as the instrument termed l’holometre, 
designed by Foullon. 

It is not known exactly who came up with the concept 
that eventually became the theodolite. Similar devices 
had been pictured, with no explanation, in the 1512 
edition of Margarita Philopophica by Gregor Reisch—
about sixty years prior to Digges’ description (Digges, 
Leonard, A geometrical practise named pantometria, 
1571). Digges’ work was both very popular and accurate 
(a combination not always found in these matters), and 
it was this popularity that eventually saw his instrument 
come to dominate the field. Digges had actually called his 
device an instrument topographicall. In the same work 
he also described another device he named theodelitus 
and the two names became interchanged in the works of 
subsequent authors. Although difficult to see any details, 
the instrument is illustrated by Digges in a number of 
plates showing it use.

A plane table as illustrated in Zubler, Fabrica et usus 
instrumenti chorographici, 1607.

A “rangefinding” instrument as illustrated in Danfrie, 
Trigometre, 1597. 

The holometre as illustrated in Abel Foullon,  
Usaige et description do l’holometre, 1551.

A quadrant with attached compass for taking both horizontal 
and vertical bearings, as illustrated in Hulsius, Theoria et 

Praxis,1594.
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The theodolite in use—from Diggs, A geometrical practise named pantometria, 1571.

An illustration of a house survey showing how to set up a basic set of right angles from which all other 
measurements can be taken—from Oddi, Squadro, 1625.
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Ready Reckoners

In what follows I am indebted to the Ph.D. thesis of 
Warren Van Egmond titled The Commercial Revolution 
and the beginnings of Western Mathematics in 
Renaissance Florence, 1300-1500, October 1976, and 
to his Practical Mathematics in the Italian Renaissance: 
A catalog of Italian Abbacus Manuscripts and Printed 
Books to 1600, Annali dell’Istituto e Museo di Storia 
della Scienza, Mongraphia No. 4, Florence, 1980.

A ready reckoner is a pocket-sized book or booklet 
containing mathematical tables and examples involving 
the calculations commonly encountered in commercial 
transactions.

Ready reckoners seem to have arisen before the 
Renaissance in Italy with the growing use of Hindu-
Arabic numerals and Hindu-Arabic methods of 
reckoning by the merchant class. They first appeared as 
manuscripts in the West (1202) when Leonardo Pisano 
(also known as Fibonacci) wrote the Liber Abaci, a huge 
encyclopedia of mathematical knowledge that Pisano 
had compiled based on his travels and studies in Arab 
countries. It contains elementary arithmetic problems 
together with examples that concern themselves with 
commonly encountered commercial calculations. For 
this reason they are often called merchant arithmetics. As 
Van Egmond points out, the early manuscript abaci also 
bear a resemblance to very ancient problem collections 
such as the Rhind papyrus (see main catalog entries for 
Chace, Arnold Buffum).

For example, Luca Pacioli’s Summa de arithmetica, 
geometira, proportioni et proportionalita, 1494, follows 
the example of Leonardo Pisano’s Liber abaci in its 
encyclopedic nature. The first printed book on arithmetic, 
the so-called Treviso Arithmetic of 1478, is titled L’arte 
del abacho. This latter is not found in the collection. 
However, another important incunable arithmetic, 
Fillipo Calandri’s, Pictagoris arithmetrice introductor, 
Florence, 1491, is in the collection. 

The ready reckoner is a small book of practical 
mathematics intended to be carried in the owner’s pocket. 
To describe these works under the heading of abaci has 
always been a source of some confusion. These works 
are concerned with the teaching and use of the Hindu-
Arabic numeral system and bear no relation to the table 
or counter abacus or its modern form, a set of sliding 
beads on a wire frame, the Chinese xuapan (swanpan). 

In the early years of the Renaissance, a number of schools 
for the teaching of the new Hindu-Arabic mathematics 
arose in cities that had a significant merchant population, 
such as Florence and Venice. These were operated 
privately by teachers who negotiated fees directly with 
the parents. Sons of merchants (never their daughters) 
were sent to these scuole or botteghe d’abbacho from 
the age of ten or eleven, usually just after completing 
two years of an elementary grammar school, where they 
had learned to read and write. They generally stayed in 
the scuole about two years and were taught the basic 
rules of arithmetic and mercantile mathematics: that is, 
how to write numbers, how to multiply and divide, how 
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First two pages of Ainslie, John; Tables for computing the weight of hay, cattle, sheep & hogs, &c.
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to handle fractions and how to solve basic commercial 
problems such as the calculation of interest and the 
conversion of currency. 

The Tomash collection holds 195 works that may be 
classified as ready reckoners. The examples listed below 
have been selected to illustrate their ubiquity in Western 
Europe and their variation as to subject matter.

(British) Ainslie, John. Tables for computing the weight 
of hay, cattle, sheep & hogs, &c. by measurement. With 
a comparative table of the weight used at Edinburgh to 
those used at Smithfield and elsewhere. Edinburgh, A. 
Constable & Co., ca. 1800.

This ready reckoner is curious in that Ainslie was a 
surveyor and engraver and yet felt it necessary to create 
tables used by farmers in valuing their livestock. In later 
life he is known to have been a bookseller in Edinburgh 
and thus he may have created these works to use as part 
of his stock in trade. His skill as an engraver is seen by 
examining the title page illustration in the main catalog.

(French) Auriol, Jean. Le flambeau d’arithmetique. Ou 
methode generalle, qui enseigne aux marchands à soye 
& à tous autres a bien & promptement faire leur compte 
avec la seule addition. Et c’est par le moyen de deux 
monnoyes ferme & stables qui ne varient jamais en sa 
valeur, à sçauoir la livre de vingt sols, & le florin de 
douze sols. Avignon, Jacques Bramereau, 1636.

This work, as much a textbook for arithmetic as a 
ready reckoner, is interesting in that it relates a story 
in which students are assigned arithmetic problems as 
punishment.

(German) Bachmann, Udalricum. Neues cruez-rechen-
buchlein, dergleichen niemalen in druck ausgegangen. In 
welchem unterschiedlich ausgegangne tarriffae rechen-
buchlein, so von kauffen und verkauffen, auch anderen 
zinsen, besoldungen, und hauss-rechnungen handlen, um 
vil vermehrt, und gebessert zu finden. Augsburg, Jacob 
Koppmayer, 1693. 

The main interest in this work is that all the tables are 
in Roman numerals—here called Baurenziffer (farmer’s 
numerals)—see illustration in the main catalog. By the 
end of the seventeenth century, Europe had moved to 
the Hindu-Arabic notation, but Roman numerals were 
obviously still in wide use in rural areas.

(French) Barreme, François Bertrand de. Le livre des 
aides, domaine, et finances. Tres -utile à toute sorte de 
personnes, particulièrement aux traitans et aux commis 
et mesme à ceux qui aspirent à y estre employez. Aux 
marchands, cabaretiers, bouchers, et autres qui en 
payent les droits. Qui trouveront les comptes et les tarifs 
tous dressez de ce qu’ils auront à payer pour quelques 
droits que ce puissent estre, tant dans la ville de Paris, 
que par tout ailleurs. Paris, Chez Denys Thierry, 1685. 

Barreme was not the first to publish a ready reckoner, 
but he and his son Nicholas made a business out of 
supplying them in France. They became so well known 
that in France ready reckoners are to this day referred to 
as Barremes.

(French) Barreme, François Bertrand de. Le livre 
necessaire à toute sorte de conditions. Inventé de 
nouveau pour tirer tout d’un coup les Intérêts de 
plusieurs années, de plusieurs mois, de plusieurs jours 
en un moment et en un méme endroit, ce qu’on n’avoit 
jamais veu. On y voit aussi des tarifs bien comodes: ou 
sans avoir apres la division on y peut diviser jusqu’a 
trente mil livres. La réduction des monnoyes y’est d’une 
maniere particuliere. Le profit des marchands y est. Les 
changes y sont aussy, et les escontes à tant por cent. On 
y fait par la seule addition, les contributions, impositions 
et déspartements. au sol la livre. Paris, Chez Barréme, 
1671.

Barreme’s early works usually had a nicely engraved title 
page and frontispiece, but the tables were often difficult 
to use because of the typesetting. An examination of 
a series of his tables from the 1670s to when his son 
Nicholas assumed the business upon his father’s death 
in 1704 illustrates the increasing knowledge and 
sophistication of the design of tabular information.

Ready Reckoners Ready Reckoners

Typesetting example, Barreme, Les tarifs.., 1670. 
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(French) Barreme, François Bertrand de. Les tarifs et 
comptes fait du grand commerce ou l’on y fait les changes 
d’Angleterre, d’Hollande, de Flandres, d’Allemagne, de 
Suisse &c. Pourveu qu’on sache l’addition et en quel 
estat que le change soit. Les mesures et les poids des 
principales villes de l’Europe sont reduits aux mesures 
et poids des villes de France. Le pair des monnoyes y 
est. Les escontes y sont tous faits. Les instructions pur 
faire par regle les susdits changes y sont expliquées 
brievement. Paris, Chez Barréme. 1670.

(French) Baudusson, M.. Le rapporteur exact, ou tables 
des cordes de chaque angle, depuis une minute jusqu’a 
cent quatre - vingts degres pour un rayon de mille parties 
egales. Paris, Bachelier, 1842.

(British) Bernecker, C.. Birmingham ready calculator; 
shewing in twenty tables, the sums necessary, from 
one shilling to fifty pounds, to produce real profits, 
from 21/2 to 50 per cent. on prime cost; after allowing 
discounts from 21/2 to 50 per cent. on the selling prices. 
Birmingham, Pearson and Rollason, for R. Baldwin, 
1778.

As sophisticated financial business dealings began 
to become more common, the difficulties in dealing 
with the calculations of percentages on mixed radix 
currencies provided a ready market for commercial 

s’agisse de négociations d’effets ou de prêt d’argent 
pour un nombre de jours quelqonque, n’exigent que la 
simple ouverture d’une page, et le secours de l’addition 
substituée aux longues opérations employées jusqu’à 
présent. Ces tables accommodées également aux deux 
styles francais et grégorien, le dernier en faveur des 
lieux où l’on suit l’ere ancienne. Paris, Henri Agasse, 
1802.

Mathematical tables seldom become outdated, but 
commercial tables are often made useless when 
governments change financial regulations or even such 
fundamental concepts as the calendar. The French 
revolutionary government decided that the year should 
be divided decimally and introduced a new Republican 
calendar in 1793. This, of course, made the older set of 
commercial tables, based on the Gregorian calendar, 
obsolete. The new dating system remained in official 
effect for twelve years, but the old system remained in 
common use. Blanquart, attempting to keep a foot in each 
camp, brought out these tables that could be used with 
either system. In the adjacent illustration the left-most 
set of annotations contains the names of the ninth month 
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An example from Bernecker’s tables, 1778.

tables. Bernecker’s tables are typical of many of this 
genre.

(French) Blanquart de Sept-Fontaines, Louis-Marie. 
Les intérêts des comptes courans tout calculés, quels 
qu’en soient et le taux et le capital, ou tables qui, pour 
le calcul de ces intérêts, soit qu’on les arrête une fois 
l’an seulemant, ou de six en six mois, soit encore qu’il A page from Blanquart’s 1802 tables. 
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(Prairial) and the third month (Frimarie) of the new 
calendar. The lower right-hand box gives information 
needed to convert to the Gregorian system.

(Portuguese) Bolaffio, Jozé Vita. Numeros certos para 
formar as combinacoens de cambio entre a Praca de 
Lisboa e diversas outras Pracas da Europa que tem 
cambio estabelecido com a mesma. Vienna, Mathias 
André Schmidt, 1803. 

This ready reckoner was designed to aid in international 
trade. It relates the currency of Portugal to currencies in 
several different European trading centers. It is written in 
Portuguese despite its having been published in Vienna.

(USA) Bowman, Elias W. and Shakespeare, William, 
Jr.. “Quick” interest calculator. Time and maturity 
tables. Indianapolis, Levey Printing Company, 1939.

Interest calculations are not difficult, particularly when 
one is dealing with decimal currency. However, they can 

least for authors other than Byrne) items such as a table 
listing the statute of limitations for assaults, slanders, 
judgments, etc. for each state in the United States and 
several places in Canada.

(British) Castaing, John. An interest book, at 4, 5, 6, 7, 
8 per C. from 1000 l. to 1 l. for 1 day to 92 days, and for 
3,6,9,12 months. London, the Author, 1712.

Ready Reckoners Ready Reckoners

A page from the Bowman and Shakespeare interest tables, 1939. 

be tiresome if there are many to be done. Tables such as 
these, with several commonly used interest rates, varying 
periods of time (one day to four years in this instance) 
and amounts ($1.00 to $10,000) were bestsellers.

(USA) Byrne, Oliver. Byrne’s timber and log book, 
ready reckoner and price book, for timber dealers and 
ship builders, merchants and traders, farmers and 
drovers, and all others engaged in buying or selling at 
either wholesale or retail. New York, American News 
Company, 1878.

Oliver Byrne was an interesting character—see main 
catalog entries. While many of his published works are 
little more than attempts to publicize his Dual Arithmetic, 
a method for performing mental calculations, he also 
appears to have made part of his income from creating 
ready reckoners and eclectic collections of information. 
While this Timber and log book does contain useful 
tables for the lumber industry, it also contains unusual (at 

Castaing’s 4% interest table, 1712. 

Large sets of tables are not easily portable, and thus there 
was a ready market for small, pocket-sized versions. 
This volume is 113mm tall and 72 mm wide (about 4” 
by 3”) and could easily fit into the typical businessman’s 
pocket.

(USA) Claxton, Timothy. Concise decimal tables, 
for facilitating arithmetical calculations; by the use of 
which many problems in mensuration are made perfectly 
easy: They are particularly useful in weighing metals 
and other bodies, and for reducing money, weights, 
measures, &c. Designed for practical men. Boston, 
Samuel N. Dickinson, 1830.

Sample of Claxton table, 1830.
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Rather than being a traditional ready reckoner, this item 
is a large folding table that contains forty-eight small 
tables of conversion factors. To save space, the decimal 
point is replaced in each table by the index numbers 1-9. 
There is also a small scale by which fractions in eighths 
and twelfths can be converted to hundreths.

(German)  Cohen ,  Aaron  Kalman .  A l lgeme ine 
Logarithmische Geld und Wechsel arbitrage tabellen 
Vermittels welchen blos durch eine Addition oder 
Subtraction, der unterschied von verschidenen ein und 
ausländischen Münz Sorten so wohl pro cento als per 
Stück, hauptsächlich aber die Arbitrage der Wechsel 
coursen. Düsseldorf, Carl Philipp Ludwig Stahl, 1772.

Most ready reckoners simply provide tables for the 
conversions (in this case currency), but this one is 
unusual in that it also provides a table of logarithms, to 
four decimal places.

(Italian) Coli, Gaudenzio. Trattato elementare del 
sistema metrico decimale compilato da Gaudenzio Coli. 
Bologna, Giacomo Monti al Sole, 1859.

This ready reckoner includes illustrations of the standard 
volume measures. It begins with a tutorial on the metric 
system. See main catalog entry.

(British) Cullyer, John. The gentlemen’s & farmer’s 
assistant; containing, first, tables, for finding the content 
of any piece of land, from dimensions taken in yards. 
Second, tables, shewing the width required for an acre in 

any square piece of land, from one to five hundred yards 
in length. Third, tables, shewing the number of loads that 
will manure an acre of land, by knowing the distance 
of the heaps. Fourth, a table for measuring thatcher’s 
work, from 1 to 64 feet long, and from 1 to 25 feet high. 
London, Stevenson, Matchett, & Stevenson et al., 1816.

These tables obviously met a need. They were first 
published in the late 1700s and went through at least 
twelve editions before 1848. Although advertised as “for 
the use of Gentleman Farmers,” they would have been 
useful to any surveyor. It begins with a description of 
how any piece of land can be subdivided into regular 
figures, the areas of which may be added together to find 
the total area.

(USA) Day, Benjamin Henry. Day’s American ready 
reckoner containing tables for rapid calculations of 
aggregate values, wages, salaries, board, interest money, 
timber, plank, board, wood, and land measurements, with 
explanations of the proper methods of reckoning them, 
and simple rules for measuring land. New York, Dick & 
Fitzgerald, 1866.

(British) Hatton, Edward. Comes commercii, or the 
trader’s companion. Containing, I. An exact and useful 
table, shewing the value of any quantity of goods or 
wares … II. A table calculated for universal use, which 
use is shewn … III. The manner of casting up dimensions 
in general … IV. The several customs used by surveyors 
and measurers … V. Instructions for entering goods 
at the custom-house … VI. Concerning water-side 
business, and the constitution of keys, wharfs… VII. 
Rules concerning freight  … VIII. Concerning insuring 
ships, merchandizes … To which is added a supplement 
concerning simple and compound interest … London, W. 
Innys et al., 1754.

This ready reckoner has been augmented by description 
of the proper conduct of commercial activity. It includes 
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Claxton’s scale for 8ths and 12ths.

Cullyer’s tables, 1816. 
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details on subjects such as the fines to be paid for not 
keeping standard measures available to procedures for 
dealing with getting goods cleared through customs. It 
would have been an invaluable item for businessmen 
dealing with shipping as well as for tradesmen needing 
tables for measuring brickwork and calculating interest.

(British) Hewitt, John. Hewitt’s tables for simple interest 
shewing in one view the interest of any sum of money, from 
one penny to 100,000 l. from one day to 365, from one 
month to 11, and from one year to 10, at 3, 4, 5, 6 per cent.  
II. A table of time, which shews the number of days 
between any two in the year. III. Nine tables of brokerage 
or commission: The stock or value of goods sold, from 
one Pound to 100,000 l. at 1/8, 1/4, 1/2, 3/4, 1, 1 1/4, 1 
1/2, 1 3/4, 2, 2 1/4, 2 1/2, 2 3/4, 3, 3 1/4, 3 1/2, 3 3/4, 4, 4 

students an education. It is likely Hodges supplemented 
his meager income by creating these publications.

(British) Hoppus, Edward. Practical measuring made 
easy to the meanest capacity by a new set of tables: 
which shew at sight the solid or superficial content 
(and consequently the value) of any piece or quantity of 
squared or round timber, be it standing of felled, also of 
stone, board, glass, &c. made use of in the erecting or 
repairing of any building, &c … London, E. Wicksteed 
for J. F. and C. Rivington et al., 1777.

This set of tables was used to calculate how much space 
a piece of timber would take up when loaded on to a ship 
or other transport. It was so useful that it went through 
many different editions for 200 years, the last being in the 
1950s. It was only outdated when the British converted 
to decimal currency. This 1777 edition was the tenth. 

(British) Keay, Isaac. The practical measurer. His 
pocket companion: containing tables ready cast up, for 
the speedy mensuration of timber, board, & c. Being 
very useful for such as are necessarily employ’d in the 
practice of measuring. With an appendix by Mr. Hatton, 
containing four several ways of measuring both timber 
of one thickness and tapering; with a vindication of 
measuring by the girt; and a preface. London, H.W. 
for W. Innys, J. and P. Knapton, D. Brown, S. Birt, T. 
Longman, J. Oswald, J. Hodges, and J. Ward, 1750.

The main content here is a large table giving the volume 
of any rectangular object. It is notable in that it deals with 
any object (2 to 72 inches wide) up to 42 feel long. The 
appendix mentioned in the title was likely by Edward 
Hatton, who was engaged in creating similar ready 
reckoners (see his entry in the main catalog).

 

(German) Köbel, Jacob. Eyn new georde(n)et vysirbüch. 
Helt yn(n). Wie man(n) uff eins yden lands eych un(d) masz, 
ein gerecht vysirtüt mache(n) un(d) do mit ein ygklich 
onbekant vasz vyzieren, auch seynen inhalt erlernen 
solle. Den anhebenden schülern visirens leichtlich, mit 
figuren unnd exempeln, zü lernen angezeigt. Angehengt 
tafeln … Oppenheim, Jacob Köbel, 1515.

Many of the tasks for which a ready reckoner was 
used (surveying, area calculations, etc.) are still 
being done today, but the modern “ready reckoner” is 
usually an electronic hand-held calculator. One of the 
most common tasks, seldom performed today, was 
gauging of wine, beer and other containers. Before the 
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A page from Hewitt’s tables, 1747. 

1/4, 4 1/2, 4 3/4 to 5 per cent. IV. Nine tables to reduce the 
most current pieces of gold, both foreign and domestick, 
into Pounds, &c. and on the contrary to reduce Pounds 
&c. into those different pieces of gold; shewing what 
each piece should properly weigh. London, John Clarke 
and C. Hitch, 1747.

(British) Hodges, J.. Complete ready reckoner or, 
trader’s companion; shewing, at one view, the value of 
any quantity of goods from one to one thousand, at any 
price, from one farthing to one pound. London, Dean 
and Munday, 1827.

Hodges published several works with very similar titles 
(e.g., Ready reckoner; or, trader’s sure guide). The same 
name occurs as the editor of arithmetic textbooks in the 
late 1700s. He is listed on one source as being a teacher 
at the Blue Coat School—so named because the pupils 
wore blue coats. This was a charity school founded 
by the Church of England to give poor, but deserving, 
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standardization of barrels and casks, gauging (finding 
the volume of a cask, tub or other vessel) was necessary 
in many different trades and, of course, for customs 
and excise officials. Books, such as this one on how 
to determine volumes of irregularly shaped vessels, 

reckoner are graphical rather than tabular. A case in 
point is a scale Lee includes in his discussion on interest 
calculations. Rather than giving a table listing what 
fraction of a year each date represents, he presents a 
graphical scale with months and days on the top and 
a scale divided into 100 parts beneath it. If you knew 
the month and day, it was then easy to find the decimal 
fraction of the year preceding that date.

(British) Leybourn, William. Panarithmologia, being a 
mirror, breviate, treasure, mate for merchants, bankers, 
tradesmen, mechanicks and a sure guide for purchasers, 
sellers, or mortgagers of land, leases, annuities, rents, 
pensions, &c. In present possession or revertion, and 
a constant concomitant fitted for all mens occasions. 
In three parts. All performed by tables, ready cast up; 
whereby all questions relating to any of the fore-mentioned 
particulars, are easily and exactly resolved, without the 
aid of arithmetick, for the most part by inspection into the 
tables only; and (in any case) by common addition and 
subtraction. All which tables are made easie by variety 
of examples. Calculated and published by W. Leybourn. 
To which is added a necessary appendix, containing 
heads of daily usse to all traders. London, T. J. for John 
Dunton and John Harris, 1693.

Leybourn began his career in partnership with his 
brother, Robert, as a printer. They became known for 
printing mathematical works, and eventually William 

Gauger at work, from Köbol’s 1515 work.

would commonly have ready reckoner tables for use 
once the basic measurements had been determined. 
Köbel was a prolific author of books on arithmetic, 
gauging and similar topics. His works are always 
interesting examples of the genre because he was not 
only a famous rechenmeister but also skilled in printing, 
engraving, and painting.

(USA) Lee, Chauncey. The American accomptant; 
being a plain, practical and systematic compendium of 
federal arithmetic; in three parts: designed for the use 
of schools, and specially calculated for the commercial 
meridian of the United States of America. Lansingburgh, 
William W. Wands, 1797.

The main claim to fame of this work is that it contains 
the first known use of the $ symbol for currency (see 
the main catalog entry). At times the tables in a ready 

Lee’s decimal scale of parts of a year. One of Leybourn’s tables, illustration from the 1746 edition.
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began writing and publishing his own. While he authored 
many works on arithmetic, surveying and similar topics, 
it was his ready reckoners that were the most popular. 
This work first appeared in 1693 and went through over 
twenty editions, the last appearing in the nineteenth 
century. The tables printed in each edition varied as the 
needs changed. Leybourn also published many of the 
same tables under other titles (see main catalog entries 
for Leybourn).

(British) Leybourn, William. The ready reckoner, or 
trader’s sure guide, containing tables ready cast up, 
adapted to the use of all who deal by wholesale or 
retail; exhibiting at one view the amount or value of any 
number or quantity of goods or merchandize, from one to 
ten thousand, at the various prices from one farthing to 
one pound, to which are prefixed a table, directing how 
to buy and sell by the great hundred, and tables of the 
amount of expences, &c. by the day, week, month, and 
year …. London, T. Hughes, ca. 1813.

This is an example of how Leybourn’s work and 
reputation far outlived the man himself. Published almost 
100 years after Leybourn died, it contains essentially the 
same tables as his Panarithmologia of 1693.

(Italian) Luchini, Domenico. Tariffa overo pratica 
di conteggiare accresciuta di copiose operazioni 
arithmetiche. Colle quali di facilita il fare ogni sorte 
di conti per comodo degli agrimensori, e mercanti, &c. 
Rome, Francesco Ansillioni, 1737.

This work illustrates that not all ready reckoners were 
designed only for use in commerce. This volume 
assumes the owner already knows how to add and 
subtract and begins with a tutorial on multiplication 
and division with examples from gauging and calendar 
calculations. It contains tables of squares and square 
roots and lastly recommends that the reader invest in a 
table of logarithms.

(British) McKenna, James. The mercantile calculator; 
an easy, short, and sure guide, to the quickest possible 
solution of business calculations, in less time and fewer 
figures than are necessary by referring to a “ready 
reckoner.” An original work, Manchester, Edward 
Staveley, 1858.

Today we occasionally hear arguments as to how people 
rely too much on electronic calculators and, consequently, 
are unable to perform simple arithmetic without them. 
This is the first, and only, edition of a work on business 
arithmetic in which the author attempts to convince 
readers that they do not have to use ready reckoners, but 
can instead deal with the intricacies of British currency 
without them.

(French) Mesange, Mathias. Calculs tout faits, depuis 
1 denier jusqu’à 59 sols 11 den. & depuis 3 liv. jusqu’à 
50000 liv. Avec le tarif par jours et par mois pour les 
pensions depuis 1 livre jusqu’à 100000 livres; et des 
tarifs pour les intéréts, l’escompte, le change, & la vente 
des marchandises à tant pour 100 de gain. On a joint 
d’autres tarifs pour le sol ou marc la livre, avec le pair 
des aunages & des poids de l’Europe, la réduction des 
Louis d’or & des ecus en livres, &c. Paris, Chez Vincent, 
1757.

The majority of French ready reckoners were at this time 
published by François Bertrand de Barreme (see entries 
in the main catalog). Indeed, the whole genre of ready 
reckoners are in France known as Barremes. This volume 
was designed to compete with those of Barreme, and the 
preface points out several shortcomings of his tables. As 
this is the only known edition of this work, and the name 
Mesange is otherwise almost unknown, the assumption 
is that this challenge to Barreme’s dominance of the 
market was unsuccessful.

(German) Mülich, Johann. Künstlich und zuuer nie 
in Truck aufzgangenes Rechenbüchlein auff dess H: 
Romischen Reichs (auch anderer ausslandischen 
Konigreich unnd Herzschafften) nicht alein Gülden 
oder Silbern Müntzsorten im Wechsel, sondern Kauff, 
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McKenna’s “anti- ready reckoner,” 1858.
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Verkauff, frücht, Stück, Elen, Mass, Pfund …. Mainz, 
Johan Albin, 1613.

Some ready reckoners were printed by experts who 
cared about the final product (e.g., see the publications 
of Leybourn and Köbel) while others were obviously 
produced with less concern about the quality of 
typesetting. This volume, useful for working with non-
decimal currencies, is tending toward the latter.

Ready Reckoners

(British) Oldenburgh, Edward. A calculation of 
foreign exchanges, as transacted on the Royal Exchange 
of London: or, tables, shewing at once, or by a few 
additions, any sum of English money reduced into foreign 
species, and likewise any sum of foreign species reduced 
into English money, by way of exchange, at the several 
prices, as from time to time the exchange may rise or fall. 
London, R. Ware et al., 1756.

Money conversions in the twenty-first century are 
relatively straightforward because, with very rare 
exceptions, the older, mixed-radix systems have been 
replaced with decimal-based currency. It only takes 
a few seconds thought to see that traders dealing with 
the old British currency (units of 4, 12, 20 and 21) and 
attempting to convert to European currencies (in which 
units, even in one country, often ranged from 6 to 96) 
experienced a nightmare. Ready reckoners certainly 
helped, and the better ones not only contained tables but 
also, like this volume, took differing rates of exchange 
into account and also gave short tutorials on the standard 
method of accounting in each major location.

(French) Ouvrier-Dilile, Jean Claude d’Obreuil. 
Calcul des décimales, appliqué aux différentes opérations 
de commerce, de banque et de finance; avec des tables 
qui contiennent la réduction de toutes les parties de 
la livre de compte, de la livre pesante, du marc, de la 
botte de foye, de la toise, de l’année & de l’aune, en 
parties décimales, avec toutes leurs combinaisons. Paris, 
Libraires Associés, 1765.

Ready Reckoners

Sample page from Mülich’s ready reckoner, 1613.

Oldenburgh’s tables with four rates of exchange. A portion of one of Payne’s large tables.
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This is an example of a different way to overcome the 
difficulty of the mixed-radix currency and measurement 
systems prevailing in Europe. Rather than giving tables 
of exchange rates for money and measures, it contains 
tables showing the conversions of these amounts into 
decimal quantities. The author illustrates their usefulness 
by solving problems such as: if goods are worth 49 
pounds, 17 shillings, 9 pence per toise, how much are 
175 toises, 5 pieds, 7 pouces, 9 lig. worth?

(British) Payne, John. Tables for valuing labor and 
stores, by weight or by number. London, W. Winchester 
and Son, 1811.

Many ready reckoners were begun as private tables for 
use in a particular job. Payne was an employee of the 
British Navy Office and had calculated a table of the 
payment for piecework for his employees. It became 
obvious that a more extensive table was needed for 
covering the situation when the rates for labor changed. 
These tables were designed for heavy use. They were 
printed on heavy stock, and each table was indexed 
by finger tabs. It was the attention to such details that 
resulted in a truly usable ready reckoner.

(British) Phillippes, Henry. The purchasers pattern. 
In two parts. The first shewing the true value of the 
purchase of any parcel of land or houses, by lease or 
otherwise. Also new tables of interest and rebate at 6 per 
cent. The second part, shewing the measuring of land, 
board and timber, and the false rules and deceits of many 
therein. Also the gauging of all vessels, with many other 
rules about weights and measures, and several tables of 
accounts, with many other rules and tables of daily use 
for most men. London, R. & W. Leybourn for Thomas 
Pierrepont, 1656.

This work was the first in English to contain a lengthy 
explanation of interest rates for land and dwellings. 
Phillippes notes that there are good reasons for having 
differing rates of interest, and the legal limits on them, for 
such purchases. It was printed by the Leybourn brothers, 
who were to later produce their own ready reckoners.

 

(British) Playford, John. Vade mecum, or the necessary 
companion, containing, 1. Sir S. Morland’s Perpetual 
almanack, in copper plates, with many useful tables 
proper thereto. 2. The computation of years, comparing 
the years of each king’s reign from the conquest with 
the years of Christ. 3. The reduction of weights and 
measures. 4. The ready casting up any number of 
farthings, half-pence, pence, shillings, nobles and marks; 

with Sir Samuel Morland’s new table for guinneys. 5. The 
interest, and rebate of money, the forbearance, discompt, 
and purchase of annuities, at 6 per cent. 6. The rates of 
post-letters, both inland and outland, with the times for 
sending or receiving them; also the post-stages, shewing 
the length of each stage, and the distance of each post-
town from London. 7. The rates or fares of coach-men, 
carr-men and water men. London, A[nne] G[odbid] and 
J[ohn] [Playford], 1679.

While most ready reckoners are typeset, portions of 
this one are engraved. The publishers were well known 
producers of printed music, which was often engraved, 
and they used the same techniques here. It was obviously 
popular because it remained in print, with twenty-two 
editions, for 100 years. The portion of the title referring 
to Sir Samuel Morland’s new table for guinneys is a 
reference to tables used for determining the current value 
of a guinea coin. Before 1717, when, on the advice of Sir 
Isaac Newton, the value of a guinea was standardized at 
21 shillings, the value varied with the price of gold.

(USA) [Ready Reckoner] - [US]. A complete ready 
reckoner in dollars and cents, to which are added, forms 
of notes, bills, receipts, petitions, & c. Together with a 
set of useful tables, containing a rate of interest from one 
dollar to twelve thousand, by the single day; with a table 
of wages, and board by the week and day. Philadelphia, 
W. A. Leary, 1839.

This ready reckoner, later published under titles such 
as Leary’s improved ready reckoner, became a standard 
reference source in America and remained in print until 
well into the twentieth century.

(British) Richards, John. A gentlemen’s steward and 
tenants of manors instructed. Containing rational, easy, 
and familiar rules and tables … To which is added, 
an appendix: containing the description and use of an 
instrument for discovering the number of feet contained in 
any timber-trees before they are cut down, by inspection 
only. London, John Senex and William Innys, 1730.

The instrument mentioned in the title was a simple 
quadrant sighting device. It could be used for determining 
the height of a tree. The tables and a slide rule could then 
be used to determine the amount of timber that the tree 
would yield.

(Italian) Scaletta, Carlo-Cesare. Uso e fabbrica di 
alcune tavola celometriche - con le quali senza fatica 
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di lungo calculo facilemente si misurano i concavi, 
e spezialmente tutte le sorta di vasi vinari - Trattato 
geometrico di Carlo-Cesare Scaletta patrizio Faentino. 
Utile e necessario misuratore, economico, fattore, 
agente, e a chi sia persona. Faenza, Stampa dell’ Archi 
Impressor, 1733.

In the case of this volume, it is perhaps the author who 
is more interesting than the actual ready reckoner. 
He is known to have written a number of works on 
applied mathematics and geometry. He also translated 
a French work on choreography into Italian. While 
ballet is certainly of interest to some mathematicians, 
Scaletta attempted to make it more so by including in 
his preface a work on the mathematical interpretation of 
ballet. While never published, this interesting treatment 
of the arts remains available in manuscript form. The 
ready reckoner noted here is one of the usual type for 
determining the volumes of casks and tubs used for wine 
and other liquids.

(USA) Scribner, J. M.. The ready reckoner; for 
ship builders, boat builders, and lumber merchants. 
Rochester, NY, Fisher & Co., 1846.

This ready reckoner for the timber trade contains tables 
for reducing the length, width and breadth measurements 
of timber to standard inch board measure (today known 
as a board foot) for scantling (small timbers), boards, 
trees, etc. A few tables for wages, rent and interest 
charges are included.

(British) Searles, Michael. The land steward’s and 
farmer’s assistant: Containing the most useful and 
correct tables for shewing the contents of any piece of 
land in acres and rods, from one rod to one hundred 
in length, and from two feet to twenty rods in breadth. 
With a table for the price of labour or crops, from two 
shillings and sixpence to twenty pounds per acre. To 
which is added, the true method of measuring a field, 
and to take the contents of the crooks and bends. With a 
table for the setting of an acre or acres of ground, from 
one rod to eighty rods in length. Also, a table for the 
purchase of leases, from one year to one hundred. With 
an easy method for measuring of tiling or thatching, and 
proper tables for finding the contents of same at any 
dimensions. With a table for valuing the work, from one 
shilling to thirty shillings per acre. The whole laid down 
in so plain and easy a method, as to suit all persons 
who have the least knowledge of figures, and to prevent 

disputes between employer and workman. London, F. 
Blyth for the author, 1779.

(French) Serre, Jean Baptiste Adrien Joseph. Livre 
utile aux négocians de l’Europe, contenant la théorie 
complette & facile des opérations du change; le rapport 
des valeurs de différentes monnoies de l’Europe; 
la connoissance des mesures, poids & aunages des 
principales villes qui commercent avec la France; une 
discussion en matiere de revendication dans les faillites; 
une dissertation sur lettres-de-change, leur valeur, & le 
terme de leur paiement, &c. Paris, Chez Valade, 1775.

Ready reckoners for money traders were quite common 
and obviously were useful. This volume tries to stand 
out from the others by including illustrations of many 
different foreign coins—an obviously useful addition.

(British) Slack, Thomas. The banker’s sure guide: Or, 
monied man’s assistant. in three parts, viz. I. Tables of 
interest for any sum, at current prices of 2, 2½, 3, 3½, 4, 
4½ and 5 per cent from 1 to 90 and 300 days; and from 1 
month to a year, at 2, 2½, 3, 3½, 4, 4 and 1/6 (or 10d. in 
the Pound), 4¼, 4½, 4¾, and 5 per cent.

II. Sundry tables shewing the value of annuities certain, 
and annuities on lives, founded on the most rational 
probabilities; how to find the value of two or more lives, 
joint lives, reversions, presentations, & c. Also tables for 
joint lives, and the longer of two or three lives.

III. A large and accurate table of commission or 
brokerage, from ⅛ to 3 per cent rising progressively only 
⅛ per cent. at a time. - Also of 4, 5, 6, and of 9 to 20 
per cent. which together may be applied to exchanges 
in Ireland.

To which is prefixed, by way of introduction, a new and 
comprehensive treatise on decimals: A concise, new 
method of equating the stocks to one another and how to 
calculate what interest is made of the money laid out in 
any of them; how to find the value of stock, &c. London, 
G. Robinson and T. Slack, 1782.

(USA) Stoddard, John Fair. Stoddard’s complete ready 
reckoner. The only complete ready reckoner adapted 
to the wants of farmers, merchants, mechanics, lumber 
dealers, boat builders, stock companies, bankers, &c .... 
New York, Cornish, Lamport & Co, 1852.

This is a pocket ready reckoner consisting entirely of 
tables. A distinguishing feature is the leather binding that 
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extends from the back cover, wraps around again to the 
front and tucks into a slit to provide protection for a book 
intended to be kept in the pocket.

(British) Thomson, John. The universal calculator; 
or the merchant’s, tradesman’s, and family’s assistant. 
Being an entire, new, and complete set of tables, adapted 

and adding the resultant products to give the final answer. 
While it would have been useful in the bank (Thoyer 
was an employee of the Banque de France), where such 
calculations were common, it was not of much use in 
performing occasional arithmetic operations. Indeed, it 
would likely take more time to do a multiplication via 
this method (when used only occasionally) than it would 
to simply work it out via the standard methods. A special 
form has been laid in to help implement the method, but 
in the days prior to facsimile machines, it simply would 
have been unrealistic for individuals to keep a quantity 
of these forms available. The problem did not, of course, 
apply to the Bank of France, which could have had them 
printed by the thousands. The method had been looked 
at by the famous mathematician Augustin-Lois Cauchy, 
whose report on it to the French Academy is included on 
pages 44-48.

(USA) Wade, John E.. The mathematical velocipede, or 
instantaneous method of computing numbers. New York, 
Russell Brothers, 1871.

This ready reckoner, rather than being a collection of 
tables, is an instruction book that teaches many different 
shortcuts for doing arithmetic. It contains so many that 
it would have been difficult to remember which to use in 
any given situation. The last half deals with the units of 
measure for several different trades and gives procedures 
for tasks such as preserving wood.

(British) Waters, W.. The expeditious calculator; or 
the merchant, owner, sea captain, and mate’s assistant: 
shewing at sight: (a deal is the division of a piece of fir 
or pine timber made by sawing it to a given size). 

I. the standard deals in all the ports of Russia, Sweden, 
and Prussia, from a single deal to six thousand, from 
one inch and a half to three inches thick and from five to 
twenty feet long, brought into twelve foot deals one inch 
and a half thick, and to a 36th part of a single deal.

II. the loads, feet and inches that are contained in, from 1 
to 3 thousand Dantzic deals, from 18 to 40 feet long and 
from 2 to 3 inches thick.

III. the standard deals at Christiana and all the Southern 
ports of Norway, except Dram, from 9 to 20 feet long and 
from a single deal to 6 thousand; brought into deals 11 
feet long and one and a quarter inch thick, and to a 55th 
part of a single deal.

IV. the standard deals at Dram in Norway, from a single 
deal to 6 thousand, from 10 to 20 feet long and from 

Thomson’s Universal Calculator, 1784.

for dealers in every branch of trade, by wholesale or 
retail, and all families. Edinburgh, W. Creech, C. Elliot 
and C. Dilly, 1784.

Thomson was a prolific publisher of ready reckoners. 
The Tomash collection contains several examples of his 
interest tables and this 300-plus-page, set of tables giving 
prices of goods, divisions of weights and measures, 
exchange rates, etc. His tables were often reprinted, and 
although he died in 1807, they were kept in print well 
into the nineteenth century. Like his other early editions, 
this one contains his signature as a sign of authenticity.

(French) Thoyer, Jules. Les calculs d’intérêts réduit 
a l’addition … méthode approvée par l’Académie des 
Sciences sur le rapport de M. A. Cauchy, adoptée par la 
Banque de France. Paris, Bachelier & Renard, 1841.

This work describes a method of calculating interest by 
extracting factors from the numbers, multiplying these, 
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1 and ¼ to 3 inches thick, in 10 or 12 foot deals, and 
from 1 and ½ to 3 inches thick, in deals from 13 to 20 
feet long; and to a 30th part of a single deal. Whitby, C. 
Webster for the author, 1792.

This is a set of tables for The standard Deals in all the 
Ports of Russia, Sweden and Prussia. A deal was a term 
used in the timber trade. A standard deal would take 
up a certain amount of space in a ship (just over thirty-
four deals were equivalent to one ton of iron for freight 
purposes). These tables convert the various forms of 
deal available in northern Europe and Scandinavia into a 
standard terminology. 

(USA) Wilkinson, William. The federal calculator and 
American ready reckoner containing, federal arithmetic, 
the value of any number of yards, pounds, &c. from 1 to 
1000, and from 1 mill to 1 dollar, tables of interest, value 
of cents in the currencies of the different states, value of 
gold, as now established by law in the United States, &c. 
Providence, Carter and Wilkinson, 1795. 

This work was actually written by Daniel Fenning, and 
William Wilkinson acted as editor.

This represents a series of ready reckoners that made 
their appearance in the newly independent United States 
just as the change from British sterling currency to the 
new federal dollar was taking place. The conversion 
process was difficult because there were differing 
values for the old currency in the different states. As this 
difference sometimes amounted to a factor of two, it was 
imperative that some type of ready reckoner be available 
to assist commerce.

See main catalog entry for Fanning.


