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A brief description is given of the cartographic activity of J8ta®, which involved the production of at least three
manuscript maps in the years 1580-1583 in connection with exploration andahgmabitions. The form of an
idealised version of the unusual projection used in one of the mapsld&@@ds discussed and it is shown how it
may be considered to be related to projections developed lvebmtiguity and 1551. The precise form of Dee’s
projection is investigated and the possible reasons why he adopteccivesidered.
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Introduction

The scholar John Dee (1527-1608) is often thought of as Etlat England’s greatest
magus, but he has also been described by William Shgi88) as the English court’s leading
imperial geographer. Articles by a number of other authave also mentioned his importance
in this area (e.g. Taylor, 1930; De Smet, 1973; Macmillan, 20D8)Smet says that ‘Il est
impossible de déterminer exactement l'activité géographiquartagraphique’ of Dee, but in
this capacity he was certainly responsible for the pranlucif several maps (De Smet, 1973,
p.111).

There are two extant manuscript maps that are defirati¢ibutable to him, and probably a
third, but there are no known printed maps. The reasonoisipublication may, at least in part,
be the fact that the known maps were concerned witttersaof national importance - the
possibility of finding northeast or northwest passageslaams to territory. MacMillan (2003)
has discussed extensively the measures taken at tnéyithe state to retain the advantages that
secrecy about recent geographical discoveries providedofQhe extant manuscript maps is of
the western half of the northern hemisphere and isdd&s&0 (British Library, MS Cotton
Augustus 1.i.1). It is this map that forms the majoeiiast of the present paper and it is shown in
Figure 1.

Whether Dee actually drew any of the maps himself iscadtin. Ganong (1937) expressed
the opinion that at least as far as the map of Figusecaricerned, it seems unlikely that Dee had
the skill and technique to compile and draw such a map andstaddhat it was probably made
under his supervision. Whatever may be the truth of thisesems very likely that even if
someone else drew the map, Dee, with his mathemé&ticavledge and with his contacts with
Gemma Frisius, Oronce Fine, Mercator, Ortelius and Nufiezylor, 1930, pp 78-88;
MacMillan, 2001), was responsible for the projection usBefore this map and its projection
are discussed in detail, the other two maps, which are drawvell-known projections, are
described very briefly. For details of the origins, purgoaed political importance of all the
maps and for illustrations of those not shown here $er example, Sherman (1998) and
references therein.

Dee maps drawn to well-known projections

One of these maps, which is signed by Dee, is anothgr @hapart of the northern
hemisphere, also produced in 1580. It is now bound into LordHBy’'s copy of Ortelius’s
Theatrum Orbis Terrarunand is in the Burghley House Collection (number BKS16611). The
map is described by Sherman (1988) as being on a ‘fan-shapedtiomgjand it looks at first
like an equidistant conic projection. In fact it représe210 of longitude of a polar equidistant
azimuthal projection, covering latitudes from°4@egrees north to the pole. Meridians are
labelled from 10 to 200 and the 20 meridian appears to pass through London, so that the



coverage in modern terms is notionally fronf\80to 18CE. The purpose of the map was to
illustrate a possible northeast passage.

The second map is of the whole of the northern hameie. It was drawn on a polar
stereographic projection in about 1583. It is often calleel ‘'Humphrey Gilbert map’ because it
bears in the bottom right corner the inscription ‘Hrawf Gilbert Knight his charte’, but it is
thought to be by Dee (Sherman, 1998, pp 6-8, particularly 2gte Cormack (1997, p.99)
implies that the projection used was Dee’s invertiot is, however, certain that Dee was not
the inventor of this projection, because it was knowrHigparchus, Ptolemy and probably
earlier to the Egyptians. The first extant world maptlis projection was produced in 1507 by
Gualterius Lud and it was also used well before Dee’s biynReisch, Apian and others (Snyder,
1997, p.22). It is, however, possible that Dee was unawfdares earlier use and reinvented the
projection, but this seems unlikely because of his friepdshiready mentioned, with
cartographers such as Mercator and Ortelius.

The unusual projection

Dee’s map of 1580 that is the subject of this paper is sme®tsaid to be ‘of the northern
hemisphere’ but actually it is a map of the north-wessemi-hemisphere, i.e. it attempts to
depict only one quarter, not one half, of the earth’sasetfThe projection in the complete form
used for this map is not described in any of the standarklsvem the history of map projections
(Nordenskiold, 1889, Keuning, 1955, Snyder 1993) . It may in fachlopi@ to this map and as
far as | am aware it has not been commented upon préviopthose who have discussed other
aspects of the map.

The projection is based on an octant of the sphereectat 3816'N and approximately
80°W. The equilateral spherical triangle defining theaatis represented by three circular arcs
of the same radius, one centred at the N pole and espies the equator and the other two
representing the meridians at plus and minusfddm the central meridian. Each of these two

arcs is centred on the point where the othérméridian crosses the equator and they are drawn
in bolder lines than the other parts of the graticuke three arcs form a Reuleaux triangle.

The parallels are equally-spaced concentric circlesexiat the pole and in the ideal form of
the projection the meridians, other than those boundiagcéntral octant, would be drawn so
that they were equally spaced along the parallels witlencentral octant. This equal spacing
would then be continued out beyond the bounding meridiankeobctant to reach 9@ither
side of the central meridian, so enabling a full Ilfnisphere to be depicted. The meridians so
defined are not exactly circular except for those bawghthe octant and their approximation by
circular arcs is described later. A more technicatmetson of the projection in its ideal form is
as follows:

Choose axes centred at the N pole, O, witrertical upwards ana horizontal to the right.
The polar angled is measured clockwise fromyOIf R is the (scaled) radius of the earth, the
equation for the equally spaced lines of latityglavhich are circles centred at the N pole, is
r=R(nn/2-¢) and the equation for all the lines of longituderis chos[(ﬂ—e)/f +77/6],
wheref ranges from -2 at the meridian°®0 of the central meridian to +2 at the meridiariB®0
of the central meridian. This parameter takes ieies -1 and +1 for the two meridians
bounding the central octant, which are circulasaunlike all the other meridians. The quarntity
is related to the longitudé east of the central meridian dy=4A/ 7. In cartesian coordinates,
y=rcosd, x=rsing.

The projection is neither equal area nor conforfeathomorphic). The scale along the
central meridian is uniform and the representdtaetion is1: R/ R,, whereR, is the radius of

the earth. The scale is constant along each phr&itting A=1-2¢/ 71 , the scale factor is
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equal to Al2cos1(A/2) - 77/3]/ cosp, which varies fronvi/3=1.047for = 0 to 4/3 = 1.333 for

@=n/2. The projection is illustrated in Figure 2, kvifissot ellipses shown for a few selected
points. These ellipses show the distortion on tlag mf imaginary infinitesimal circles on the
ground at the centres of the ellipses (Snyder, 199347-9 and references therein).

Relationship to other projections

The projection may be considered to be relatedhéo Series of equal-area pseudo-conic
projections going back in origin to Ptolemy’s sedogprojection, the so-called homeotheric
projection, and to the series of true geometriggatmns, Figure 3.

Ptolemy’s projection ('2' century AD) was designed to cover only the theavikm world, all
of which lay between latitudes 1S and 63N (Nordenskitld, 1889, pp 6 and 86; Keuning
1955, p.10; Snyder, 1997, pp 12-14; Berggren ames]o2000, pp 88-93). It was based on
equidistant concentric circles for parallels, wathmeridians, drawn from -9Qo +9C from the
central meridian, ideally cutting the parallelstheir correct proportional distances from the
central meridian along each parallel. In practloe meridians were approximated by circular
arcs passing through the correct points on theeewrand central parallels, so that the projection
is then not quite equal-area or homeotheric. Thlnoon centre of the parallel circles is chosen
to give the impression that the viewer is lookitgng the straight line that joins the central point
of the projection, i.e. the intersection of the tcalmeridian and central parallel, to the centire o
the earth. The equatorial diameter of the eartipg®licular to the line of sight would then
appear to be tangent to the central parallel. \Wtilemy’s choice for the length of this central
diameter as equivalent to 18at the latitude scale of the central meridian aitth the central
parallel at 2350N (the latitude of Syene) the centre of the circidacs of the parallels is
calculated to be at a distance equivalent t@487of latitude north of the equafor

Sylvano’s projection for his ‘world map’, which of the type later described by the name of
Bonne, is similar to the homeotheric projection Iplaces the centre of the equally-spaced
circular arcs of the parallels only about 1@®uivalent from the equator. It also extends the
cover to 160 either side of the central meridian, using colyespaced non-circular meridians
(Sylvano, 1511; Nordenskiold, 1889, plate 33; Snydle93, pp 33-4).This projection is
sometimes called a cordiform projection but wasexdended by Sylvano beyond°&) so that
the tendency to a point at the S pole is not seen.

The true cordiform projections are those of Stabafsabout 1500, further publicised by
Werner in 1514 (Nordenskidld, 1889, p.88; Keunihg55, pp 11-13 and Figs 10 & 11; Kish,
1965; Snyder 1993, pp 33-8). The three Stabius/@/gprojections all have the N pole as the
centre of equally spaced circular arcs represerthegparallels and the meridians are equally
spaced along all parallels by amounts correctlypgriional to the corresponding equatorial
spacings. The differences between the three giojeclie in the different ratios of the distances
representing one equatorial degree to those ragnegene degree of latitude along the central
meridian. For projections 1, 2 and 3 these ratiesti2, 1.0 andt/3, respectively. This ratio for
Stabius/ Werner 3 is thus the same as for Dee’ggion, and means that the N pole and the
points where the meridians at £f4%rom the central meridian cross the equator fonmn a
equilateral triangle in this projection, as they idoDee’s projection. The first of the three
projections can be used for a longitude range otiaB29, whereas the other two can be used
for the whole world.

The equilateral triangle representation of the Negnd the points on the equator at ¥45
from the central meridian is also found for theethwell-known true perspective projections
shown in Figure 3, provided that the projectiomplas tangent to the earth at the point18aN
on the central meridian and the axis of project®onormal to the plane. Their projection points
are, respectively, ‘infinity’, the point at 356'S on the meridian opposite to the central manidi
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and the centre of the earth. Only the first two ekthcan, however, be used to map a fulf 180
of longitude. Figure 4. shows a comparison of the chaglufes of Dee’s projection with those
of Stabius/Werner 3 and the orthographic and stereograplgcpoos drawn at such scales that
the equilateral triangles at their centres are of lesjpes.

The remaining two projections shown in Figure 3, the da \atants and the Fine octant are
based simply on Reuleaux triangles. Leonardo da \dinas suggested by Keuning (1955), one
of his pupils, drew a world map (c.1514) consisting of eigitars arranged in two groups of
four, one group for the northern hemisphere and onehfrsbuthern hemisphere with each
group arranged in a four-leaf clover pattern (Nordenskiold, 188976-7; Keuning, 1955, pp
22-3; Snyder 1993, p.40). Figure 5 shows a modern reconstructibis type of projection by
Furutf, although the da Vinci map octants do not have graticulé final projection shown in
Figure 3 is that of Oronce Fine. A graticule for a ®nBkuleaux triangle was given by Fine in
his Sphaera Mund{(1551) but not used by him to produce a map. The projectidesisribed
and illustrated by Nordenskiold (1889, p.94), by Keuning (1955, p.23igqr2D) and by
Snyder (1993, p.40-1). The parallels are circular arcs eggpiged and centred at the pole. The
equatorial arc and the arcs representing latitudea#® each divided equally for degrees of
longitude and the meridians are drawn as circular @assing through the pole and the
appropriate points on the equator and on tifep&Ballel. Keuning (1955, p.23) records only one
map drawn using this projection. Dee’s map is an exiansi this type of projection to cover
180 of longitude.

Various kinds of octant maps have been revived in the tistencentury but have not
generally been taken seriously (Snyder, 1993, pp 264-5).

The form of Dee’s meridians

In order to examine whether Dee’s graticule was drasumguthe ideal form of the meridians
or the circular form suggested by Fine, a digitised gersif the map was obtained by scanning
Figure 1 of Sherman’s paper (1998). It was considered hafutther manipulation and
attempted flattening of the original map to obtain aafliddgital scan would not be justified with
only this aim in mind, nor was it likely that a much betitnage would be obtained. The results
to be described justify this decisfon

The intersections of meridians and parallels wereutatled at ten degree intervals of latitude
and longitude for each assumed form of the meridiahs.iiitersections of the +4%neridians
with the parallels were also included. There are 190settions of parallels and meridians on
each calculated graticule and it was possible to loté&6e(87%) of these on the scanned Dee
map. Examination of the original map showed that tbfede intersections would lie outside
the area covered by it, these being the equatorial poiniengitudes +98and the point at
latitude 10, longitude 90E of the central meridian. Five other equatorial powese not
locatable on the scan, as were a number of pointhemeridians at £70and £80. At least
three of these 21 points would have been difficult taie accurately on the original or a direct
scan of it because they were either too feint orwiastby deterioration of the map.

The 166 points of the Dee graticule were digitised tvnckependently in order to see how
accurately this could be done. The standard deviation batthe two sets of locations obtained
was equivalent to approximately 0.4 mm measured on thenarigiap. The average of the two
sets was used in the comparison with the two calaitgtaticules, in the following way.

For each calculated graticule, only those intersestiging on the Reuleaux triangle and the
central meridian of the Dee graticule were effecsivehifted in the horizontal and vertical
directions, scaled and rotated to obtain a best fiden them and the corresponding points of
the calculated graticule. Best fit was defined as ¢gnang the least value of the sum of the
squares of the remaining differences in positions, i.bi-déimensional regression with five
parameters was performed. As expected, the parameteosth fits were found to be almost
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identical, and the scaling factors in the horizontal @ertical directions were found to differ by
only 0.04%. Using the parameters found, the standard deviatgnescalculated for all the 166
points of intersection, for the 94 points within and inclgdthe Reuleaux triangle and for the 73
intersections lying outside the Reuleaux triangle (thet@t the pole was used in both of the last
two calculations).

The standard deviations for the Reuleaux triangle 16& points, the 94 points and the 73
points, respectively, were 1.01, 2.0, 0.96 and 2.8 for the ideadlisns and 1.01, 1.6, 0.95 and
2.2 for the circular meridians, with all values quoteefiective mm on the original map. The
corresponding deviations are shown multiplied by 5 in figureThese results show that it is not
possible to distinguish between the two forms of the draars within the Reuleaux triangle but
suggest that at least outside this region the meridieinglly used are more likely to have been
circular than a good approximation to the ideal meridiafSgure 6 shows that there are
systematic deviations from both fits, and these magiuge at least in part, to distortions of the
parchment of the map since drawing or to difficulties ittélaing it. Despite this, the accuracy
of drawing is very high in the central region of the map ¢r within the Reuleaux triangle),
where the greatest shift of an intersection fronexjsected position corresponds to less than 2.5
mm on the original and the standard deviation, which spoeds to the most probable shift, is
less than 1 mr. The ‘remarkable scientific accuracy [of this map]tfoe time’ was commented
on by MacMillan (2003), but without supporting measurements.

Dee’s choice of projection

Why did Dee choose such an unusual projection? The fdeas of the map is North
America or, as Dee preferred to callAtlantis The projection has the advantage, shared with
the true perspective projections, if their plane of pt@ecis correctly chosen, of giving the
observer the impression that he is looking at this akfeature directly from above. Almost the
whole of the then-known part of North America fallghin the Reuleaux triangle, and this is the
area that was of principal interest to the Englistestas is clear from the inscription on the
reverse of the map describing English North Atlanticagss.

Dee was, however, clearly concerned to show in additie correct relationship between
North America and Europe to the east and Japan to tbie e therefore required a projection
that did not distort longitudinal distances in the way #ilbthe true perspective projections do,
as shown for the orthographic and stereographic profectioFig. 4. The only other projection
of Fig 3 that comes close to satisfying these two adggs is Stabius/Werner 3. According to
Keuning (1955, p.12), Stabius/Werner 3 was used by Fine forld waip in 1536, by Giovanni
Paolo in 1556 and by Hadji Ahmed in 1560. Fig. 4 shows thatptioiection differs only
slightly from Dee’s projection except for the regidasvards £90 from the central meridian. It
may be, however, that Dee was unaware of Stabius@Ve&nalthough this seems unlikely
because of his close connections with well-known casfaugrs.

Two facts may have influenced his choice. The fgghat the basis of his projection is the
octant projection suggested by Fine, described above but tgkég only two cartographers.
Taylor (1930, p.86) has described Fine as ‘the fourth of Dpeat teachers’. Dee was his pupil
in Paris during the years 1550 and 1551, and it was during theyle#trethat Fine published his
octant projection; it is therefore possible that Dad Hiscussed it with him. Another fact that
Dee may have taken into account is the geometricatyntbat the Stabius/Werner projection
does not treat the bounding great-circle arcs of th&ralemctant in a precisely equal manner,
whereas Fine’s and Dee’s projections do.
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Figures

Fig.1. John Dee’s map of the north-western semi-hemispbdated 1580. Cotton Augustus I.i.1;

D
\

Fig.2. Reconstruction of the projection used by John De¢he map shown in Figure 1. The
reconstruction was made using the equatingcos[(n— o)l f +n/6] for the meridians,

but at the scale shown the use of circles as destrin the text would be barely
distinguishable.
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Fig.4. Comparison of Dee’s projection with other prog@usifor which the points at 98 and at
0°N45°E and ON45°W of a central meridian lie at the vertices of guiateral triangle.
Only the equator, the parallel at°36'N, the central meridian and the meridians at°+45
and +90 from the central meridian are shown. The Dee ptme is shown in black, the
orthographic in red, the stereographic in blue and the Staldarner 3 in green. For the
latter, all parallels coincide with those of the [peejection



Fig.5. Furuti's reconstruction of the Da Vinci map in ot$anThe parallels are circles through
points correctly placed on the central and extremeidmass of each octant and the
meridians are equally spaced along the parallels.

Fig.6. Deviations from fits. The left-hand figure reltto the comparison of Dee’s graticule
with the graticule calculated for ideal meridians and tlght-hand figure shows the
deviations in the same way for the comparison withgfaicule calculated for circular
meridians. In each case a best fit was made oriletpoints of the Reuleaux triangle and

the central meridian.

The tails of the arrows iatiny the displacements represent the

positions in Dee’s map and the displacements requireldritng Dee’s graticule into
coincidence with the calculated graticules are indichtethe lengths of the arrows, which
are exaggerated by a factor of 5 compared with the sdales graticules.
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Notes

! As Macmillan (2001) points out, Dee had the works of mbgtewell-known cartographers of the day, as wsll
of ancient cartographers such as Ptolemy, in his perBbraly, which is catalogued in R.J. Roberts and A. G.
Watson'sJohn Dee’s Library Catalogu@ondon, 1990).

2 Cormack also suggests that this projection is linkededYParadoxal Compass’ and R. Baldwin discusses this
question further in ‘John Dee’s interest...".Jahn Dee: Interdisciplinary studies in English Renaissance
ThoughtEd Stephen ClucdSpringer, Dordrecht c. 2006) p.100. See also AppendixfARegiment for the
Sea by William Bourne, Ed E.G.R.Taylor, (Hakluyt Socie®}f Ser. CXXI , CUP, 1963), pp 415-7

% The true central parallel according to Ptolemy’s idehlatitude range is actually about half a degree S of the
parallel of Syene. Also, the projection does not lfifolemy’s intention that the chord of the equatasial be
tangential to the arc for the parallel of Syene.Thizecause the 9@neridional arc is taken to be at a distance
equivalent to half the originally assumed equatorial chargttealong the equatorial arc from the central
meridian. This does not put the meridian at the end driganally assumed equatorial chord. A more
consistent approach would be to make the total lengtreafdbhatorial arc equal to 18&t the same scale as
that chosen for the central meridian. The equatohiafd length then becomes equivalent to°171and the
radius of the equatorial arc becomes equivalent té4B55ather than Ptolemy's 1818

* | am grateful to Carlos Furuti for permission to use figure, which appears on his web site
http://www.progonos.com/furuti/MapProj/Normal/ProjPM/prigiitml, last accessed 23 March 2011

®> The map measures 68x105 cm, is on parchment and is stiréyl blled.

® Itis assumed that the shifts or errois position conform to a normal distributid®(r) = Aexd—rz /(202)] with

standard deviatioa. A is a constant ankl(r) is the probability per unit area of finding a diggmentr from
the correct position.




