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Cireinus et regula ex quibis tota mathematicum praxEpendet. 
Besson, 1578 

INTRODUCTION: This paper is confined to the consideration of 
i:1struments and materials ordinarily used by draughtsmen. The history 
of the slide rule, planimeter, etc., and similar recent instruments 
is well recorded and they are therefore not included; apart from the 
fact that the paper' would thereby be rendered too long. 

Broadly speaking, instruments were developed and used \oJhen the practice 
was started of 'making designs and drawinga for constructional work 
preliminary to the work being undertaken; this procedure appears to 
be as early as the 14th century although little is recorded about it 
until the 17th century. · 

It seems clear that the instruments employed for drawing were obvious 
refinements, or developments of the tools used by the mason, the 
carpenter and other artisans, i.e. straightedge; square and compasses; 
for setting out, aligning and trueing up work of all kinds. Hence a 
word should be·said about the o~igin of the tools in question. That 
this is too distant in the past for any record to have been kept is 
plain from the fact that the Greeks ascribed the invention of compasses 
and other tools to the mythological Talcs, son of Perdix and1nephew 
of Daedalus. We find the tools to have been in use in Egypt at a 
very early period, ~.ndeed they may have originated there. 

It is permissible to surmise ho~ these tools came into being. The 
straightedge-that basic tool-may have been made by rubbing together 
two flat strips of wood edge to edge, scraping away high spots and 
re~rersing the pieces frequently till light could not been seen between 
them. Compasses needed only two pointed legs hinged together on a pin 
at their end. A square needed two straight edges seeured together. 
at right angies;·this angle could have been determined geometrically 
with compasses i.e. with two intersecting arcs or derived from the 
angle in a semi-circle. 

1. cf. Ranke, W. Art of Ancient Egypt n.d. gives an illustration 
pl.208, of a limestone stele on a tomb near Saggara 5th Dynasty 
c.4400 B.C., in making which the straightedge and compasses have 
clearly been used. 



Actual tools in bronze from the Christian era have come down to us. 
In the British Museum there are two one· foot 2-fold rules measuring 
11.6 in. and 11.5 in. respectively. They are of bronze of square 
section divided on different faces by punch marks into sixteenths 
(digiti) twelfths (unicae) and fourths (palmi). These have a rule 
joint and ~here are remains of a catch to hold the folds when in the 
open position. There are also two pairs of fixed proportional (2:1) 
compasses. The hinge pin is retained by a cotter to keep them fixed in 
any desired position. 

Similar bronze tools from Pompeii and Herculaneum, overwhelmed 79 A.D., 
are in the Museo Nationale at Naples. A one-fo~t 2-fold rule as 
dAscribed above is there. 

A square differs in no respect, except as to the metal, from the 
masons' square of today; the arms are oqual and 8 in. long. In the 
compasses the hinge joint in two cases is a pin riveted over. In 
three other cases a cotter holds tne legs in position; in two cases 
the leg-ends are of iron. A pair of outside callipers, closely 
resembling those of today, has the cottered hinge pin. A pair of 
fixed proportional compasses with the cottered hinge pin has legs in 
the proportion of 11:7 (i.e. half circumference to diameter of a 
circle). No pr0blem requiring this occurs to the Author and it may 
be accidental due to corrosion of the longer legs. 

We find some of the above tools, with the plumb rule and the plum~ 
bob depicted on many sepulchral monuments such as that of a Roman 
architect. For the next dozen centuries, beyond coventional represen
tations of compasses, nothing of moment is revealed. The tools served 
every purpose during that perivd as they have done for building etc. 
to the present day. 

For use in drawing, an instrument for holding a piece of charcoal, 
e~c. by means of a spring or a sliding sleeve (Fr. portecrayon, Ger. 
Ausziehfeder) was known in Roman times and examples are preserved in 
museums. 

DRAUGHTSMANSHIP IN THE MIDDLE AGES. The illumination of Ms. was 
brought to a high pitch of excellence by the use of parchment, quill 
pens, ink~ colours and gold leaf, but these drawings were almost 
exclusively freehand. The ruler was eomployed and lines were drawn 
with a stylus or disc of lead, indeed this is mentioned by Pliny 
(Nat. Hist~) and earlier still in the first century B.C. 

2. Blumner, H. - Gewerbe und Kunste bei Griechen und Romer Vol. III 
1887, p. 91. Daremberg and Siglio - Dictionnaire des Antiquites 
Grecques et Romaines, Vol 1. 1887, p. 384. 
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Theophilus the Mo~,3 c.1100, speaks of laying down a design on a 
wooden board by means of a ruler and compasses with lead or tin 
(pipgens •••••• in tablua regula et circino cum plumbo vel stagno) this 
is no more than the means mentioned by Pliny except that we may infer 
that the dlsc or stylus was made of an alloy of lead and tin; many are 
the proportions that are given for such "plummets" as they were called 
e.g. two parts Pb. and one part Sn.· Here it may be interposed that 
an alloy of lead and antimony is used for the ends of pencils supplied 
with metallic pocket bo~ks at the present day. 
The introduction of paper making into Europe about the 12th cent~ry 
must have given a great fillip to draughtsmanship. 

It would seem that refinements in compasses were called for first by 
the requirements of the architects ~f the Middle Ages when laying 
down plans for the highly elaborate ecclesiastical b11ildings of that 
time. Wilars de Honecort who, to judge by his sketchbook, flourished 
in 1434 (4) must have had a stylus and a pair of ~ompasses, one leg 
of which was able to make a mark on parchment or on paper; his 
drawings are lined ... in freehand with quill pen and ink. 

DRAUGHTSMANSHIP IN THE RENAISSANCE. It is not until this period, 
fraught as it was with advances in all technical pursuits, that we 
find real advances being made in the construction of instruments. 
Little evidence is to be found before the second half of the 16th 
century of s11ch improvements, although they went on after that at 
an ever-increasing pace. They were not spectacular and were adopted 
in practice without the circumstances being recorded, so that there 
is ditficulty in finding information. However, the evidence afforded 
by illustrat;;:,ns in printed books of the 16th century, e.g. on title 
pages and portraits, is amply sufficient to cor.vince us that the art 
cf .the teqPnical draughtsman was wel~-developed. Woodcut and copper
plate engraving could :q.ot have been carried to tne pitch shoNn with
out the aid of instruments. Patent protection, usually helpful in 
marki~ the dates of inventions, was little employed, probably the 
cost of protection was out of proportion to the limited market that 
could be expected for new instruments. 

The earliest drawing in this country to which the title "engineering" 
can be applied, is tha.t ot John Payne' s :human power engine of 1573, 
mostly freehand in primitive perspective following the pl'actice of 

3. Des Theophilus Presbyter diversarum artium schedula, Theobald' s 
translation, Berlin, B~ok 11 p.37. 

4. Willis, Robert - Sketchbook of Wilars de Honecort, 1859. 
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the illuminators. This, while indicating the _use(5) of the straight 
edge shows, doubtfully, that of compasses. 

BLAC~ PENCILS. The use of .blac]4ead (plumbago or graphite) for 
drawing was almost as great an advance as the introduction of paper, 
~he invention of the pencil made of graphite encased in cedar wood 
was made about 1680 in England. That is possibly earlier than its 
introduction at Nt~ember~ where there were squabbles among the trades 
gilds as early as 1661 as to demarcation of work in making pencils, 
but whether they were what we know as such is not quite clearly 
established. 

MANUFACTURE OF INSTRUMENTS. Before going further it should be borne 
in mind that. by the 16th century making of instruments became a trade 
and this was carried on in several cities of Europe. The structure 
of industry then was in Gilds to one of which every craftsman had to 
belong. In Milan it would appear to have been that of the Armourers. 

In Paris the Gilds tha~ were most closely allied were those of the 
Cutlers and the Metal-Founders; for a long time it.· was disputed as 
to which of these was appropriate for instrument-makers. Eventually 
the French Parliament adjudged them to the Founders, who joined to 
their title thoSe of "Maitres Faiseurs des Instruments de Mathe
matiques, Globes et Spheres." (A corollarly of what .happenGd in 
Glasgow with the Mammermen when Watt set up as an instrument-maker 
in 1756 may be adduced~) Sone indication as to when the trade 
became a distinct one of its own and not merely an offshoot of a 
gild is afforded by names engraved on existing instruments, e.g. 
"Faict par Gatellier Fabricateur des Instrumens de Mathematique, 
1695 •. "(6) Presumably something similar happened in Italy and in 
Germany. 

In the 18th century London became renowned for.instrument-making, 
possibly because the restrictive influence of the Gild system.was 
less there than on the Continent. This fame is attested to from a 
sourc.e which was certainly unbiassed. B:i o~ ( 1653-1733), the well
known French Instrument-Maker and author says: (7) "The making of 
good mathematical instruments is almost peculiar to the English"; 
it may be added that although English makers fell somewhat behind 
the French in the first quarter of the nineteenth century, they have 
kep well in the forefront of the industry. 

5. Jeru{ins, R. Collected Papers. 1936 p. 1. 
6. Franklin, A. - Dir:tionnaire des Arts, Metiers et Pro.fessions de 

Paris, 1906 PP• 295-403. 
7. Bion, Nicholas - Treite de la Construction et des Principaux 

Usages .des instrumens de Mathematique, 1712, 1723, 1752; English 
Translation by E. Stone - Construction and Use of Mathematical 
Instruments, 1758, Supplement p. 652. It will be recalled that 
Watt when working in London in 1755 bought Bion's book. 
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The metal used for instruments, points excepted, from the early days 
was almost invariably brass, occasionally bronze, silver or golu. In 
the eighteenth century for de luxe purposes such as the Euler, 1764, 
pre.sentation magazine case, silver ~>~as used; in one case in a set at 
the .Maritime Huseum, gold was used. Brass is o·bjected to by some 
draughtsmen as it gives off with perspir~tion a slight odour. Nickel 

·silver, often improperly called electrum~ was introduced at the end of 
the eighteenth century and has since retained its supremacy. 
Aluminium was tried by W. F. Stanley soon after its general introduction 
(Pat. Spec. 1861, No. 3092), but was found less suitable than nickel 
silver. · 

The tools used in instrument-making call for little re~ark. Taps and 
dies for the fine threads have been in use since the fourteenth 
century. For linear dividing, master scales were prepared With the 
aid of hair dividers with the utmost accuracy attair..able. This 
masterscale was placed alongside the scale to be divided and. with a 
square for guidance, a dividing knife used to cut the division lines. 
The method is still used for unusual, extra long scales and great 
dexterity is attained by long practice. It was this art that 
Holzapffel, c. 1845, and W.F. Stanley, 1856, greatly advanced by 
introducing linear dividing engines, the accuracy depending on the 
lead screw that is employed. Black powder is rubbed into the cuts 
on wooden scales which are then french polished. Broadly speaking, 
instrument-making has; remained a handicraft trade. The· tools used 
by these instrument-makers, edpecially those by which dividing and 
graduating were done and the dies with which the fine threads were 
produced, provide a study in themselves. 

INSTRUNENTS INDIVIDUALLY CONSIDERED. We now pass to the consideration 
of the individual instruments as far as possible in the chronological 
crder of their usage or invention. . 

Straightedge: (Lat Reg1+la: Fr. Hegle; Ger. Richtscheit) 
The use of wood that is little liable to warping such as pearwood 

and mahogany and later the provision of a bevelled ebony edge, are 
all the points that call for notice. 

Square: (Latin Norma; Fr. Carre; Ger. Winkelmass) 
Obviously, the carpenter's square which has a thin long blade 

morticed into a thicker short stock which acts as a fence is only 
applicable if used against the.edge of a board. The mason's shape of 
square in brass, 4" or ~~~ length of blade, sometimes folding to
gether like a. foot rule, sometimes with ~ mitre joint, was ~old with 
17th cent. kits of druwing instruments. How they were used the 
writer does not know. This kind of square is not mentioned by 
Chambers in 1738 nor by Robertson in 1747 and we are forced to the 
conclusion that only when the drawing board had come into use and 
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when the square had been enlarged into a T-shape that it came into use 
for draughtsmen. Till then the parallel ruler (see below) must have 
served. every purpose. 

Compasses. (Lat. Circinus; Fr. Com~s; Ger. Zirkel). 
KnoWn. since Egyptian times, this instrument has undergone more 

modifications than any other; a few only can be noted. The rule joint 
to the legs to introduce additional friction yet prevent slackness 
and thereby attain greater accuracy, made of two metals, brass and 
iron, was embodied in compasses in the 16th century. 

Somewhere about the middle of the 16th century it began to be the 
custoru to assemble instruments in cases (fr. etui; Ger. Besteck) • 
At first they were upright, with the instruments inserted v~rtically, 
covered in Shagreen or in leather with, perhaps, a sling to carry them 
over the Shoulder. Later they were ·assembled more conveniently in the 
horizontal position in wooden magazine ~ases; these, lined with velvet 
continue to the present d~y. · · 

Long before the advent of blacklead for .pencils, it must have been 
a desideratum to have one leg of compasses a marking pojnt. This 
would appear to have been effected simply by adapting the crayon 
holder (Fr. Forte-crayon; Ger. Reissfeder) to one leg •. Such a holder, 
in its simplest form of sheet metal folded over to grip the crayon 
was known in Roman times, as we have already mentioned, and examples 
are extant in museums. When the holder was formed of a split tube 
with a ring or sleeve to close in on the crayon, we do not know. (8) 
Who made this obvious attachment to compasses we do not know; nor do 
we know when removable points were first thought of, but some 
evidence can be adduced. Besson, in 1569, shows the use of a screw 
instead of a sleeve for holding the crayon. 

In the Ashmolean Museum, Oxford, there is a set of beautifully 
damascened instruments, considered to ,be Milanese work, c.1540. A 6in. 
pair of compasses has a crayon-holder with ring tightener soldered to 
one leg, presumably to hold a charcoal point. There is also a stylus 
with spaced ends, perhaps to hold a leaden.marking disc. 

In the same Museum there is the remarkable "Crucifix" case in brass 
marked "H. D. F. 1618," which gives us a definite date to work on -
so different to every other set examined by the writer. Consequently 
it is worth while to list its contents, since we shall have occasion 
to refer to them again. The instruments are:-

8. Feldhaus. F.M. Die Technik der Verzeit, 1914, Art. Reissfeder. 



A pair of Compasses with removable divider point; 
A Stylus one end, a fluted pen the other; 
A Crayon-holder one end, a gold pen nib the other; 
A Parall~l Ruler having a median ruler, connected by doubled links 
(the limbs are graduated with. lineal measures of four countries); 
A Square, folding like a knife (the edges are graduated with lineal 
measures of 4 cities); 
A 5" Sector, divided for lineal and circular measure; 
A pair of Folding Scissors; and a Penknife. 

This gives a date when removable points to compasses had begun to be 
made - an ~mportant st~p in development.· It also int~oduces us to the 
f~uted.pen, on one leg of which is a rounded depression to hold ink, 
communicating by a channel to the point. We doubt whether this was 
ever effective as a practical trial proves. 

The next step in the development of the drawing pen '"as to cover the 
channel by a blade that swivels; this is shown in the same Museum in a 
set of instruments.~o which the date c.1700 can be assigned, The 
simple addition of a screw to adjust the space for ink between the 
blade and the channel would at once suggest itself, and thus there was 
completed this master invention. 

By the above date removable points to compasses (Ger. Einsezztirkel) -
dividers,crayon-holder and pen - were well established as a case by 
Rowley known to have been purchased before 1710 shows. 

Dividers with screw adjustment are mentioned by Moxon in 1703 (9) for 
dividing quadrants. Chambers ir.. 1738 shows the divider point held by 
a spring to the leg of the compasses and the fine adjustment made by 
extending the spring with a-screw) now known as hair dividers. In 1710 
Dr. Schmidt illustrates a pair of dividers with a right-and-left- 10 
handed screw working in rotatable nuts, one on each leg of the dividers. 
Kuuckles joints to the points enabling them to be set perpendicular to 
the paper, appear about this time. Dividers having the legs joined by 
a semi-circular spring, and having a screw and nut for adjusting the 
legs, are·shown in the portrait of J.M. Fleischman, type-founder of 
Amsterdam, 1?68. (11) 

Proportional Compasses. (Fr. Compas de Reduction; Ger. Proportionaliz
irkel). 
Fixed proportional compasses were known, as we have already seen; in 
classical times. A Hagazine case c.1540 contains three such compasses 
ratios 1:2; 1:3; and 1:4; indicating that the fixed type was still in 

9. Moxon J. - Nechanick Dyalling 1703, p. 16. 
10. Scruaidt, J.A. - Theatrum naturae et Artis, 1710. Fig. 29. 
11. Entschede, J. - Proef van Letteren, Haarlem 1768. 
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use and that the adjustable type was not yet widely known. The 
adjustable kind was sketched by Da Vinci (1452-1519) in his Ms. in 
one instance (12) by lengthening one pair of the legs, hardly a 
practical method; in the other case by slotting the legs as done today 
and holding them at the required point by a screw and nut. Whether 
he was sketching something that was already known, whether the compasses 
were his own invention and, further, whether they were ever made, we 
do not know. Besson in 1565 describes the slotted form and shows the 
legs engraved with linear scales.(13) Speckle (14) also describes 
them in 1589. 

Beam. Compasses. (Fr. Compas a verge; Ger. Stangenzirkel) 
In this instrument, for drawing circles of extra large diameter, the 
centre point and the tracing point are separate and are adjustable 
along a wooden rod. The first known to us is sketched by Da Vinci (15) 
in 1L~93. The centre point is wedged on the beam; the tracing point 
can slide along and has a fine adjustment made by a screw. Again, as 
in the case of his proportional compasses, how far this was factual 
we do not know. There have been a great number of designs since, 
embodying the improvements made from time to time in ordinary compasses 
but part~culars of them need not be given. 

Triangular Compasses (Fr. Compas a trois branches; Ger. Dreibeinzirkel). 
These have three legs, one hinged at right angles to the other two; 
they were used certainly in the 17th century for plotting on maps and 
charts and examples are found in cases of drawing instruments of that 
period. 

Tubular Compasses, in which the legs are made telescopic to enlarge 
the range of the instrument are credited by \v .F. Stanley to Marc I. 
Brunel. The date was presumably 1799 when the latter was busy 
patenting his writing machine. 

Pocket or Folding Compasses, in which the legs are jointed so as to be 
capable of turning inwards, go by the name of Napier's Compasses 
(? Napier of Nerchiston) • These may be "the turnup compasses, a late 
contrivance, to save the trouble of changing the points" mentioned by 
Chambers in his Cyclopedia 1738. A refinement is to make the points 
on each leg swivel so as to present divider, pencil or pen point at 
will. Other varieties have been produced in the 19th century. 

Spring Dividers. In this variety one point is held to the legs by a 

12. Codex Atlanticus, Sheets 248, 279 
13. Besson, J. - Theatrum Instrumentorurn, 1565. 
14. Speckle, D. - Architectura 1589 
15. Manuscript B. Sheet 59. 
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spring and fine adjustment is made by a screw; these are shown by 16 
Chambers in 1738. Possibly this is the kind that is meant by Hoxon 
when he says "you may in small Quadrants divide truer and with less 
trouble with Steel Dividers (which open or close with a screw for that 
purpose). 11 

Bow pencil and bow pen. These are dwarf compasses, held by a head 
directly hinged to the pc:nts, to draw small circles. The pen seems 
to have come first, as early as the 17th cent., quickly followed by 
the bow pencil. 

Spring bow dividers: pen and pencil. Apparently these were introduced 
in the 19th century. 
Sector. (Fr. Compas de Proportion; Ger. Kreissektor). 
This is an instrument resembling a two-fold 1ft. rule in that it 
consists of two flat rules or legs hinged together. Its invention is 
ascribed to Galileo (1564-1642), but it seems that his sector was 
only proportional 'Jompasses in another form. A simple form of the 
instrument is attributed to Fabricio Nordente of Naples in 1584 
consisting of the legs divided into 30 equal parts and used with a 
scale. The instrument is also described by Speckle in 1589. It 
received the na.me of sector first in 1598 from Dr. Hood, mathematical 
lecturer in the City of London. (17) In his form of the instrument a 
graduated arc was an essential part and from some of his observations 
it would appear that the name was given to it by reason of its shape 
i.e. when open the two radii subtended a closed plane curve, so that 
sector is rather a misnomer in view of its function of proportional 
division. The instrument figured by Hood was made by "Charles 
Whitsell dwelling without Temple Barre against s. Clement's Church." 
He flourished 1590-1610. Gunter of logarithmic scale and land 
surveyor's chain (18) fame, wrote a treatise on the subject. From 
the 17th to the 19th century no case of instruments was complete 
without the sector, but it was ousted eventually by the middle of the 
19th century by the proportional compasses and by the fact that 
tables published by this date of accurately trigonometrical functions 
became available. The sector seems to have had a fascination for 
authors, a list of about 20 is given by Jacob Leupold. (19) 

Pantograph. Fr. Singe ou pantographe; Ger. Storchschnabel. 
Heron of Alexandria who flourished probably 1st century A.D. has been 
credited vtith a device capable of enlarging or diminishing a drawing; 

16. Moxon, J. - Mechanick Dyalling, 1703, p. 316 
17. Hood, Thomas - The making and use of the Geometrical Instrument 

called a sector, 1598. 
18. Gunter, Edmund - Description and Use of the s·ector, 1624. 
19. Theatrum Mathematico Geometrum 1727 p. 86. 
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prob~bly it was the fixed proportional compasses already known in his 
day, and described above. 

Christoph Scheiner, a Swedish-bern Jesuit, was the first to describe. 
the pantograph proper and presumably he was the inventor of it in 
1603, or ao we infer from his book. (20) What he illustrates is in 
essentials the instrument of today. It consists of six rods jointed 
to form parallelograms like lazytongs. One point is fixed and two 
other points on two of the other rods are in line. According to which 
point is made fixed and which is made the index so will the resulting 
drawing be equal to, twice or half the size of the original. 

Scheiner laid down concisely the five properties of the instrument 
thus; ( trans.) 
1. The instrument owes its form to the parallelogram; 
2. The fixed centre, the index, and the scribing point are to be 

disposed on three of the rods in one straight linel 
3,4,5. The scribing pen more distant from the index gives an enlarged 

figure; less distant from the index, a diminished one; equally 
distant, and equal one. 

The knowledge of the instrument spread and it seems to have been made 
extensively. 

In the seventeenth century the instrument was known as a "parallelo
gram"; for instance Pepys notes in his Diary on 4th February, 1669, 
"it seems this parallelogram is not, as Mr. Sheres (a draughtsman) 
would the other day have persuaded me, the same as a Protractor which 
do so much the more make me value it, but of itself it is a most 
use full instrument".. • • • • "Thence out with my wife and him (i.e. 
Rjchard Gibson, a clerk in the Navy Office) to an instrument maker's 
shop in Chancery Lane that was once a 'prentice of Greatorex's •••••• 
and there Gibson showed me a Parallelogram in Brass that I liked 
so well that I will buy it." Ralph Greatorex, d.1712, was a well
known maker. 

That the instrument besides being capable of fulfilling the proportions 
mentioned was capable of other proportions, was realised by several 
inventors of whom the first, as far as we can trace, was the well
known instrument maker Langlois of Paris who in 1743 submitted to 
the Academic des Sciences a beautifully-made instrument. (21) The 
stationary point can be moved along the near arm to give 3-8 times 
enlargement, or a reduction of a third to one tenth, the short arm 
holding the tracing stylus being slotted and the marking point slid 
along till the dondition of the three points being in line is ful
filled 

2o. Scheiner- Pantographice seu ars delineandi res qualibet·per 
parallelogram lineare, 1614, Fig. p. 29. 

21 •. Nachinee approuvees Vol:. 7, No. 460. 



47 

In 803, John Isaac Hawkins of Bordentown, New Jersey, patented 
(No. 2735) among other writing instruments, the double pantograph 
i.e. he extrapolated a third parallelogram and thus was able to make 
two drawings, one on reverse of the other; the writer has no evidence 
that such an instrument was ever made. Since then the improvements 
that have been made have been in minor details. 

The pantograph has found j ts greatest application in the copying 
machine for engraving and cutting dies; apparently it was first 
applied for that purpose by Bryan Donkin about 1820; (22) this, while 
a subject deserving of further research, is outside the scope of the 
present paper. 

The "Perspector" a drafting machine on the principle of the pantograph 
is described in Engineering 14th June, 1898; p. 536. 

Protractor. (Fr·. Rapporteur; Ger. Gradbogen), is an instrument of sheet 
brass or other thin material, usually of a semi-circular and more 
rarely of a circular shape, graduated on the circumference in degrees 
and minutes used in setting out or measuring angles on ~aper. There 
is an example on brass engraved "T. Hewitt" "1654" in the National 
Maritime Museum, but the instrument was known before that date; this 
example is unusual in that it has an open extension below the 
protractor part and this extension in inches on one side and in half 
inches on the other. In 1658 the protractor is defined as " a certain 
Mathematical Instrument made of brass consisting of the Scale and Semi
t::ircle used in the surveying of land." (23) 

In magazine cases of the 19th century the protractor was supplied for 
convenience in a rectangular shape 6in. long, on the back of which 
were engraved draughtsmen's scales somewhat too small to be useful, 
of feet to the inch. 

A protractor made of horn is to be found in the magnificent magazine 
case presented to Euler in 1764 by Louis XV, (in the Maritime Nuseum) 
but Wllether it was usual at that date is much open to doubt. 
Celluloid, though not free from liability to distortion is now largely 
used in place of horn or brass. 

Round Ruler. (Fr. Regle;· Ger. Setzlatte). formerly to be found in 
every business office, is cylindrical and its origination ~ecame 
possible when the lathe had been provided with an accurate T-rest 
enabling a cylinder to be turned. How remote in time this was we 
can only speculate. 

22. Trans. XX p. 78. 
23. Phillips E. - The New World of English Words, 1658. 
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Parallel- Ruler. (Fr. Regle a Paralleles; Ger. Parallellineal), is an 
instrument derived from the straightedge whereby lines parallel to one 
another a short distance apart can be drawn. It consists of two 
straightedges joined by links, such that as they are opened out they 
remain always parallel. Two broad types are known: in ( 1) the 
straightedges are joined by two sloping parallel links; in (2) the 
straightedges are joined by crossed or scissors links, the end pins of 
which slide in slots in the straightedges; inaccuracy that would other
wise result from wear is diminished by having the pins in blocks 
sliding in the slots~ · A variant of (1) has double pairs of links; this 
is shown in the "Crucifix" case of 1618; type (2) must be equally old. 
Another varian~ of (1) has a modern straight edge let in between the 
two outer straightedges and thus its range is doubled. This was 
produced by George Adams, c.1790 but is probably much earlier. The 
expanding grid parallel ruler or 11sectograph11 patented by Thomas Jones 
(Spec. 3446 A.D. 1811) has, possibly, ten straightedges jointed to
gether in a frame; each straightedge has a pin point at its extremity 
and a clamp screw on the middle cross bar to fix the straightedges in 
any desired position. The defect of the parallel ruler is that its 
range is limited so that now it is little used except for charts. A 
draughtsman can do better with one set square sliding against another. 
The most recent parallel ruler is that of H.R. Kempe in 1891 (24) 
which has double links geared to one another. 

Rolling Parallel Ruler. (Fr. Regle a parallele roulante: Ger. Rollende 
Parallellineall consists of a atraightedge in which two milled rollers 
on one rod are inserted one at each end, projecting slightly on the 
under side so as to rest on the paper. An example in the Ashmolean 
l-1useum is engraved with the inventor's name "A. G. Eckhart" "Junr. 
Invt. 1770 Dollond Fecit" (Pat. Spec. No. 985 A.D. 1771). The 
circumference of one roller is divided into 6 a.~d this again into 3 
equal parts; as one revolution equals 1~in. on the paper, lines iin. 
or 1/12th in.; apart can be drawn. Another of Eckhart' s rules made 
under the above patent and in the same Museum has, instead of the 
graduated roller, an index graduated like a watch face in the middle 
geared to the rod uniting-the r.ollers. One revolution of the roller 
again equals 1iin. en the paper. Such a roller gives unlimited 
command over a chart cl" map and is much used today in this and many 
other directions. Stanley mentions several varieties which do not call 
for notice. 
Scale. Fr. Echelle de proportion; Ger. Massstab. Scales are derived 
from the foot-rule. Early practice was to engrave scales on one of the 

24. Reg. No. 6497· Feb~ 4th 1891. 



instruments, e.g. Besson in 1565 has them on the legs of proportional 
compasses and in the "Crucifix" case again, 1618 scales of different 
countries and cities are on the legs of the sector and on the· parallel 
ruler. It became common practice to engrave them on the back of the 
rectangular protractor. Architects' scales were in use with standards 
of different countries in 1680. Dimensions were taken off with dividers. 

The ivory or boxwood seal~ of elliptical cross section that can be 
applied directly to the drawing paper, used today, appears in the 19th 
century, as also the paper scale. Variations of material and modes 
of divisi~n have been legion. 

The scale divided diagonally is attributed to Galileo. It is shown 
in a treatise of 1612.(25) 
The trammel has two bars at right angles and in these bars are blocks 
to which a rod is adjustably fixed. The outer end of the rod holds the 
tracing point and as the blocks are made to slide, an ellipse can be 
traced by the point. This is as early as 1712.. Perhaps the "elliptical 
compasses and swashworks" mentioned by Hcoke, Dec. 25th 1674, in his. 
Diary, p. 138, was of this construction. There.have been a number of 
designs of this instrument which began to be ·needed when illustrations 
in perspective were called for, e.g. Ramelli in the 16th century. 
John Farey and Edward Burstow are weJl known inventors. A number of 
these ellipsographs and allied curve tracing instruments are ·to be 
seen in the Science Museum Collections. 

Centro~inead. When drawing in perspective the vanishing point is 
practically always at too great a distance away to be conveniently 
used. To obviate this, the instrument above-named was invented by 
Peter Nicholson (1765-1844) in 1814; he received for it from the 
Society of Arts and award.of 20 guineas and a Silver Mdeal. The long 
straightedge to drawthe.vanishing lines has at its centre two pins 
\;orking in a slotted .disc held in position by two short straightedges 
placed at an angle to one another. Stanley invented an improvement 
upon it which is shown in his treatise on instruments. 

Drawing Board. (Fr. Planche a dessin; Ger. Reissbrett). A board on 
which to fix drawing paper must have been used at an early date. The 
use of timber not subject to warping such as yellow pine would suggest 
itself and to obviate the effects of warping,.clamping the edge would 
follow. Moxon, (26) in 1703, in giving directions for making a 
quandrant says: "describe upon a smooth flat, even grain'd Board a 

25. D. Galilaei de Galilaeis •••• de Proportionum instrumente a se 
Invento.· ••• tractatus, 1612. Translated from the Italian by 
Mathias Burneggero. 

26. Moxon, J. - Mechanick Dyalling, 1703. p. 347. 



.50 

quarter of a circle," which seems to indicate a step towards the 
introduction of the use of a drawing board.· Battens With slots 
wherewith they can be screwed to the back of the board to allow for 
shrinkage an4 prevent warping, are attributed by W.F. Stanley to Sir 
Marc I. Brunel, probably this was, as we have said above, early in 
his career; ·i.e. about 1?99 when. he was busy taking ou~ a patent for 
a writing machine. The grooving of the back of the board to relieve 
the tendency to warp, and the insertion of a strip of ebony on the end 
grain with saw cuts, appears to be ·attributabie to Stanley in 1866, 
although the latter idea was·present in ·the board in which a bar of 
steel was inserted in the end grain as patented in 18.59 by T.A, and 
C.A. Elliott. This feature has also been attributed to a Mr. Hewlett. 

Tee-Square. (~r. Regle d'equerre; Ger. Anschlaglineal). This is 
obviously derived from the artisan·• s square via the hinged square which 
has already been mentioned but it would seem that it only came into 
extended use with the ·drawing board. The earliest T-square that we 
have come across is one figured in the French.Encyclopedie in 1?6?, as 
being used by copperplate engravers. It has a parallel blade let in 
flush into a thicker stock; (2?) in this form also, the blade was 
mortised into the stock and this became the usual instrument. The 
taper blade, ha,ring an inserted bevelled ebony edge screwed and 
dowelled flat upon the stock was an improvement due to Stanley between 
1854 and 1866 and is now universal. 

Triangles or Set-Squares. (Fr. Equerre de dessinateur; Ger. Winkellineal 
or Reissdreieck). · It would seem that only when the T-square came into 
use did triangles, or set-squares, as they came to be called come into 
existence •. They are of thin wood usually two in number with angles of 
4.50 and the other with angles of 60° and 30°. In 1854 C.T. Guthrie 
patent.ed (Spec. No. 26o1) making them of glass, an obviously unsuitable 
material. Pearwood was first used but the tendency to shrinkage across 
the grain leaves room for inaccuracy o.nd to ensure accurac·y in ·large 
sizes framed set-squares of pearwood or mahogany edged with.ebony and 
bevelled were introduced prior to 1850; these are free from the above 
defects. "Goodyear vulcanite" sheet was adopted by Sta.nley prior to 
1866; This material is liable through frictional electricity to 
collect dirt and mark the paper, Celluloid sheet, once the tendency 
to warping and shrinkage was got over, came into use about 1880 and it 
has the advantage that the drawing underneath can be seen, 

Tracing Paper. (Fr. Papier-calque; G!?.r, Oelpapier or Pauepapier). 
There cannot be any reasonable doubt that this indispensable material 

2?. Diderot et d'Alembert - Dictionnaire •••• a.Vol. 5, 1767~ Art. 
"Gravure en taille douce," Fig. 10. 
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has been developed from the oiled paper which has been well-known for 
centuries, e.g. by the Japanese; the only surprise is that it is of 
such recent general introduction for draughtsmen. We have a definite 
reference to such paper in Europe in the 14th century by the Italian 
artist Cennino Cennini, (n. 1370 to 1437) who, in his Treatise on 
painting; Chap(28) 26, says: "The paper must be thin, even and very 
white; oil it with linseed oil as before directed:" (that is the paper 
is rubbed over with a pieca of cotton dipped in the oil and allowed 
to dry for aeveral days). "It will be transparent and very good." 
Obviously the paper was to be prepared as wanted and this continued 
to be the practice, for Bate in(29) 1634, gives a similar recipe, 
except that he substituted. sallot(i.e. olive) 01.1 for the linseed; both 
ti.1ese must, however, have left the paper very messy. A couple of 
centuries elapsed before we learn of any real improvements; this occurs 
in a letter to the Editor of the Mechanics (30) Magazine in 1823 in 
reply to a correspondent. The writer says that for the previous four 
years he had used Canada balsam dissolved in twice its w~ight of spirits 
of turpentine as thP. solution used to brush over both sides of "silver" 
·i.e. thin linen) paper, which had then to be dried for twelve hours. 
Even at this late date such paper had apparently not become a commercial 
article. The writer also gives a hint about the use of oxgall to 
counteract the greasiness of the surface, familiar to the older 
generation of draughtsmen. There are some pieces of tracing paper in 
the Boulton & Watt Collection at Birmingham of date c.1839, but 
nothing is known about their provenance.·· When such paper became a 
commercial article and when it was first made in continuous rolls of 
different widths, the writer has been unable to discover, but such 
were shown at the G:L"eat Exhibition of 1851. 

Tracing Cloth. (Fr. Toile calque; Ger. Pausleinwand), is still more 
recent that tracing paper. It would appear to have arisen out of an 
attempt to prepare material that could be drawn or painted upon by 
artists. The beginning of the modern article was almost certainly 
the patent of Charles Dowse in 1846 (No. 11329): "Improvements in the 
manufacture of fabrics, applicable as substitutes for paper." The 
inventor does not claim the application~ the fabric to trncing 
drawings, but the value of the material must have been quickly 
appreciated for, at the Exhibition of 1851 just mentioned, one 
manufaoturer showed "Dowses" patent tracing and writing cloth for 
engineers, Surveyors, Architects and others." Another maker showed 
"patent paper cloth for tracing maps, &c. in rolls 40in. wide by 
100 yds. long. The surface is applied to and incorporated with the 

28. Ottobonion HS. 2974, Vatican English Trnns. by Mrs. Merrifield, 
1844, p. 12 

29. Bate, John, Mysteries of Nature and Art, 1634, p. 105 
30. Mech. Mag. I. 1833, PP• 300, 365. 
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cloth during the process of its manufacture.'' Dowses's approved 
method started with cotton cloth, singed and bleached passed through 
a solution of resin dissolved in spirit, next through a solution of 
alum and lastly through a thin paste of starch, pressing between 
rollers after each operation, and finally glazing by pressure between 
hot plates passed between rolls. No mention is made of dusting chalk 
over the surface to make the ink run. 

The Editor wishes to express his thanks to Dr. J.B. Harley 
for bringing this article to his notice. 


