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Abstract.When projecting the globe on a plane surface it is not possi-
ble to satisfy more than one of the following three criteria: conformity
of angles, equidistance and equivalence of areas. Mercator's solution
for the use in navigation was to use a cylindrical projection with in-
creasing distances between parallels so that the rhumb lines became
straight lines.

We present the derivation of the meridional stretching in this projec-
tion that requires a unique stretching factor, conformal map that pre-
serves angles. It has been recognized that mathematical methods were
used to solve the problems of cartography. We emphasize the fact that
the cartographers were using applied mathematics and, in particular,
numerical methods.

In the literature there exist con�icting tables of results attributed to
Wright. We investigate the original Wright's (1599) paper to �nd out
that his values are in historical nautical miles and not in degrees of
latitude. We also present a brief survey of the works of Dutch cartog-
raphers of the XVI century.

2010 Mathematics Subject Classi�cation: Primary: 65C10; Sec-
ondary: 68U20; 60K35; 92D15.

Key words and phrases: angle preserving Mercator projection; numer-
ical integration in the XVI century; unit dependent table of results..

1. Introduction. When one is sailing on a lake then one has the
view of the other shore. Far removed from shore one is confronted with
the problem: what is important (or was important in the XVI century)
for a sailor who does not know where his destination hides beyond the
mighty waves, say, going from Amsterdam to New Amsterdam? Surely,
it is to know the shortest route, you would say. If you know the latitude
and longitude of both points of departure and the destination then draw
a straight line in between them and that is the solution, isn't it? Not so
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fast. Our world seems to be �at (planar) but it isn't, we live on a surface
of a `sphere'. Ok, then take a globe and draw loxodromes1 that intersect
the meridians at the same angle. That is what the mariners love: a line
of constant bearing � hold the rudder steadily, and you can lite your
pipe.

Is this the shortest route though? And even more importantly, how
to transfer a loxodrome on a planar map so that it becomes a straight
line (a rhumb)? What kind of a map should it be? And thus we come
to the fundamental question: how to �atten the Earth?

From the ancient times, a dilemma has existed between the objectiv-
ity of observations and the subjectivity of their graphic representations.
In designing charts, one has to make choices that depend upon the sub-
ject's point of view and vision. No single geographic map can claim to
represent objectively the world. When projecting the globe on a plane
surface it is not possible to satisfy more than one of the following three
criteria: conformity of angles, equidistance and equivalence of areas.2

Trying to understand the problems involved one needs to apply some
basic mathematics not for the sake of the numbers, rather for the insight
that they bring.

The paper is organized as follows. In Section 2 a short review of the
XVI century Netherlandish cartography is presented. Section 3 contains
description of the life and achievements of Gerard Mercator. In Section 4
we present the principal features of the 1569 Mercator map. In Section 5
the angle preserving Mercator projection method is described including
the ideas of latitudinal stretching, mathematical construction of the
meridional stretching, and some basics of the numerical computation
of de�nite integrals derived in the construction of the projection. Sec-
tion 6 discusses misrepresentation of the table of results (that are unit
dependent) attributed to Wright. In Section 7 we narrate the history of
Mercator projection in the late XVI century. Finally, Section 8 presents
the conclusions.

1Meridian is a line due north-south on the spherical surface and on a Mercator
map. All meridians converge to the North (South) Pole on the spherical surface,
they are parallel lines on the 2D Mercator map. Loxodromes are spiral curves on the
spherical surface that intersect the meridians at the same angle. Rhumb lines are
projections of loxodromes on a Mercator map and thus intersect the meridians at
the same angle. Bearing is an angle between the mariner course and the meridian,
thus the rhumb is a line of constant bearing.

2The gnomonic (or polar) projection preserves equidistance and, hence, allows
determining shortest distances. Peters' notorious 1973 projection preserves areas.
They are not designed to chart constant compass bearings.
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2. Netherlandish cartography. The period of approximately
from 1570 to 1670 has been called the "Golden Age of Netherlandish
cartography". This was a period of the unique combination of scienti�c,
artistic, political, and economic elements in the history of mapmaking.
More generally, the Dutch Golden Age was a period roughly spanning
the 17th century, in which Dutch trade, science, military, and art were
among the most acclaimed in the world. The �rst half is characterized
by the Eighty Years' War that ended in 1648. The Golden Age contin-
ued in peacetime during the Dutch Republic until the end of the 17th
century. The Netherlands's transition from a possession of the Holy Ro-
man Empire in the 1590s to the foremost maritime and economic power
in the world has been called the "Dutch Miracle".

The center for cartographic activities was Antwerp, a city of printers,
booksellers, engravers, and artists. But it was Leuven that was the center
of learning. Mathematics, globe and instrument making centered around
the University of Leuven from the beginning of the sixteenth century.
Without the in�uence of several outstanding scholars of the University
of Leuven (such as Gemma Frisius and Gerard Mercator), cartography
in the Low Countries would not have attained the quality and exerted
the in�uence that it did. Mapmakers working in the Low Countries
brought about unprecedented advances in the art of cartography. The
maps, charts, and globes issued during this period are distinguished not
only by their accuracy according to the knowledge of the time, but also
by their richness of ornamentation, a combination of science and art
that has rarely been surpassed in the history of mapmaking.

The links of Cartography to the Art are best exempli�ed in paintings
of Jan Vermeer (v. Livieratos and Koussoulakou (2006)). Outstanding
examples are The Art of Painting [17] with the map of The Seventeen
Provinces by Claes Jansz. Visscher (1650's) and O�cer and laughing girl

(1657�1660) with the map made by Balthasar Florisz. van Berckenrode,
published by Willem Jansz. Blaeu, 1621. In the latter, the map hanging
on the wall behind the girl is drawn very clearly. It shows the area of
Holland andWest Friesland, with west at the top. The following title can
be clearly read on the map's top: Nova et Accurata Totius Hollandiae

Westfriesiaeq. Topographia. The map is drawn in remarkable detail. This
suggests that Vermeer used a camera obscura for creating his paintings.
Comparison with the original topographic map of its time shows an
amazing similarity.

3. Gerard Mercator (1512�1594). Mercator [2, 7] is the La-
tinized name of Geert De Cremer (meaning�a merchant) born in 1512
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in Rupelmonde, a town in the then Southern Netherlands. During 1526�
1530 he went to school in Den Bosch renowned for its thoroughness
(Erasmus attended the school forty years before Mercator). From there,
Mercator moved to the prominent University of Leuven. His fellow stu-
dent was Antoine Perrenot, a lifelong friend of Mercator. He graduated
Magister in 1532 and then left Leuven for Antwerp where he learned
calligraphy, engraving and the art of instrument making from reputed
craftsmen.

In 1534 Mercator arrived back in Leuven to study geography, math-
ematics and astronomy under the guidance of Gemma Frisius. In 1536�
1537 Frisius, Van der Heyden and Mercator produced terrestrial and
celestial globes that were a combined e�ort: Frisius researched the con-
tent, Van der Heyden engraved the geography and Mercator engraved
the gores on copper with text in an italic script. Sales of these widely
admired globes provided them with an income, recognition and connec-
tions for the years to come.

In 1537 Mercator opened his own workshop in Leuven for the manu-
facture of instruments, globes and maps. In the same year, he produced
a map of Palestine (Terra Sancta) for the use by Christian pilgrims
to the holy places. In 1538, he produced his �rst map of the world,
usually referred to as Orbis Imago. A map of Flanders based on trian-
gulations by Frisius was published in 1540, and the following year an
earth globe with loxodromes drawn on it. These loxodromes intersect
with the meridians at constant angles. It is likely that Mercator's earth
globe was designed in view of solving problems in navigation. All four
works sold in large numbers. In between these works he also wrote Lit-
erarum latinarum... [9], an instruction manual on the italic script. In
1551 Mercator produced a celestial globe, the partner of his terrestrial
globe of 1541. Several hundred pairs of globes were sold despite of their
high price.

In 1552 he left Flanders for Duisburg, and was appointed in 1566 as
court Cosmographer, a surveyor and cartographer of the duke of Cleves.
In 1554 Mercator published the wall-map of Europe3 dedicated to his
friend, now Bishop, Antoine Perrenot (v. [12]). He had worked at it for
more than twelve years. The resulting map was of unprecedented detail
and accuracy. It also sold in large quantities with a second edition in
1572 and a third edition in the atlas of 1595. In 1559 Mercator was
invited to teach mathematics with cosmography in the Academisches
Gymnasium in Duisburg and in 1564 he published a map of Britain of

3Based on this map he prepared the Atlas of Europe [11] by cutting it to pieces.

https://www.1st-art-gallery.com/frame-preview/22375812.jpg?sku=Unframed&thumb=0&huge=0
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improved accuracy.
From 1554 on Mercator started working on a project beyond his

cartographic interests. The �rst was the Chronologia, a list of all sig-
ni�cant events since the beginning of the world. Mercator was the �rst
to link historical dates of solar and lunar eclipses to Julian dates cal-
culated mathematically from the motions of the sun, moon and Earth.
Mercator considered it to be his greatest achievement (v. [1, Chapt. 7]).
A wider project, the Cosmographia, a description of the whole Universe,
has never been achieved.

In 1569, Mercator published what has become his most famous map:
Nova et Aucta Orbis Terrae Descriptio ad Usam Navigantium Emendate

Accomodata (A new and more complete representation of the terrestrial
globe properly adapted for use in navigation). In the Age of Discovery
mariners had started to explore the oceans and the problem of accu-
rate navigation had become crucial. The line of constant direction at
sea (a rumb line) did not correspond to a straight line on their charts
and they could end up hundreds of miles away from their destination.
Mercator's solution was using a cylindrical projection with increasing
distances between parallels so that the rhumb lines became straight
lines. The projection preserves angles in every direction. It satis�es one
of the three criteria of geographical projection, but violates the other
two (equidistance and equivalence of areas). The large size of what was
a wall map (202 × 124 cm) meant that it was not much used on board
of a ship. It spanned 360 degrees of longitude and latitudes 66◦ S to
80◦ N.

4. Principal features of the 1569 Mercator map.
In Legend 6 3 Mercator states that his �rst priority is

. . . to spread on a plane the surface of the sphere in such a
way that the positions of places shall correspond on all sides
with each other, both in so far as true direction and distance
are concerned and as correct longitudes and latitudes.

He goes on to point out the de�ciencies of previous projections, par-
ticularly the distortion caused by the oblique incidence of parallels and
meridians which gives rise to incorrect angles and shapes: therefore he

5Frans Hogenberg creator QS:P170,Q959748 Gerardus Mercator author
QS:P170,Q6353 (https://commons.wikimedia.org/wiki/File:Gerardus_Mercator_3.jpg),
�Gerardus Mercator 3�, marked as public domain, more details on Wikimedia Com-
mons: https://commons.wikimedia.org/wiki/Template:PD-1923.

6For texts of the map (legends), see Maps [12], [13] and [14].

https://en.wikipedia.org/wiki/Mercator_1569_world_map
https://commons.wikimedia.org/wiki/File:Gerardus_Mercator_3.jpg
https://commons.wikimedia.org/wiki/Template:PD-1923
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Figure 1: This 1574 engraving of Gerard Mercator measuring a globe was
�rst printed in his 1584 edition of Ptolemy's Geography. It also appeared in
the 1595 edition of Mercator's Atlas.5

adopts parallel meridians and orthogonal parallels. This is also a feature
of sixteenth century plane charts but they have equally spaced parallels,
which, as Mercator emphatically points out, leads to the distortion. In
particular, the straight lines emanating from the compass roses are not
rhumb lines so that they do not give a true bearing. Nor was it easy to
calculate the sailing distances on these charts.

Mercator presents his remedy for these problems:

We have progressively increased the degrees of latitude to-
wards each pole in proportion to the lengthenings of the
parallels with reference to the equator.

This method hinges on the observation that the circumference of
a parallel of latitude is proportional to the cosine of the latitude. The
length of a parallel, and hence the spacing of the parallels, must therefore
be increased by a factor connected to the reciprocal of the cosine (i.e.
the secant) of the latitude.
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Figure 2: Mercator's 1569 World map ad Usum Navigantium.

Mercator left no explanation of his own methods although, already
in 1541, he had demonstrated that he understood how to draw rhumb
lines on a globe. It has been suggested that he drew the rhumbs by
using a set of metal templates. Mercator may have used a judicious
mix of mechanical transference and numerical interpolations. However
he proceeded, Mercator achieved a fairly accurate latitude scale.

In Legend 12 Mercator makes careful distinction between great cir-
cles 7 (plaga) and rhumb lines (directio) and he points out that the
rhumb between two given points is always longer than the great circle,
the latter being the shortest distance between the points. However, he
stresses that over short distances (which he quanti�es) the di�erence
may be negligible and a calculation of the rhumb distance may be ad-
equate and more relevant since it is the sailing distance on a constant
bearing.

The details are given in Legends 12 and 10. Example: given the
initial point and the direction and distance of the second point, �nd
the latitude and longitude of the second. Mercator's construction is
simply an evaluation of the rhumb line distance in terms of the latitude
di�erence and the azimuth as s = (ΦB − ΦA) × secα. If the latitude
di�erence is expressed in arc minutes then the distance is in nautical

7Great Circle is the circle on the cross section of the Earth passing through the
Earth center and points A and B on its surface.
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miles.8

Mercator's intention expressed in the last sentence of Legend 10 that
he would give more information in a future 'Geographia', was never
realized.

The Mercator Projection made it impossible to accurately depict the
Polar Regions. He compensated for this by including a polar projection
in the lower-left hand corner of his map. Mercator envisions North Pole
as a large black rock, the Rupes Nigra, surrounded by a great whirlpool
into which four powerful rapid rivers �ow. Important second edition of
Mercator and Hondius' Map of the Arctic, 1606, shows the Barentz's
discoveries made in the meantime: Spitzbergen, Nova Zembla (sic).

A comparison with maps before 1569 shows how closely Mercator
drew on the work of other cartographers and his own previous works,
but he declares (Legend 3) that he was also greatly indebted to many
new charts prepared by Portuguese and Spanish sailors in the portolan
tradition. Earlier cartographers of world maps had largely ignored the
more accurate practical charts of sailors, and vice versa, but the age of
discovery stimulated the integration of these two mapping traditions:
Mercator's world map is one of the earliest fruits of this merger.

After completion of the world map, Mercator prepared an edition of
Ptolemaeus' Cosmographia (1585), followed by several series of maps of
France, Switzerland, Germany, the Netherlands, Italy and the Balkan
countries (1589). Gerard Mercator died in 1594 at Duisburg at the age
of 82 years. His son Rumold Mercator continued his father work by
publishing his own World Map in 1587 [6]. In 1595, one year after Mer-
cator's death, Rumold published the famous Mercator Atlas. The front
page shows Atlas, a legendary king of Etruria, who was reputed for his
wisdom, holding the earth globe on his knee. Since then, the word at-
las has acquired a more generic meaning for a collection of graphical
displays.

5. Mercator Projection (angle preserving projection)9.

How to project a surface of the sphere onto a cylindrical surface (then
to cut the cylinder alongside and to stretch it into a planar sheet)?

5.1. Latitudinal (or horizontal) stretching.

Insert the sphere (of the same diameter as the cylinder) into the
cylinder. Cut one of the hemispheres (the other one can be treated

8A nautical mile is de�ned now as 1,852 meters. Historically, it was de�ned as
one minute of latitude, which is equivalent to one sixtieth of a degree.

9v. Monmonier(2004)
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identically) horizontally into thin strips. You can glue these strips on
the side of the cylinder but, of course, they are increasingly shorter as
you advance northward from the equator. Imagine these strips made
of theraband and try to stretch them to �ll the whole cylinder. How
much stretching you must do? What is the horizontal stretching factor
depending on the latitude angle θ?

Let's compute the length of each of the therabands. If the radius of
the cylinder (sphere), R = 1, then the radius at latitude θ is cos θ (see
Fig. 3).

Figure 3: Latitudinal stretching (v. Israel (2003)).

We can thus conclude that the longitudinal (or horizontal) stretching
in a cylindrical projection is

1

cos θ
= sec θ,

where θ is the angle of the latitude.
Example. For the latitude θ = 60o the length of the theraband

strip is cos 60o = 1
2
. Thus to pull it to the length of 1 we need to apply

horizontal stretching equal to

1

cos 60o
=

1
1
2

= 2.

Once we know that, it remains to �nd the meridional (or vertical)
stretching. In general, this is an arbitrary quantity (or function). For
our purpose though (Mercator projection) we require a unique stretching
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factor, conformal map, one that preserves angles (and the shape of small
objects).

5.2. Construction (mathematical derivation) of the merid-
ional stretching.

To ensure the conformity of the projection the ratio of ∆y to ∆x on
the 2D map must be the same as that of ∆ϕ to ∆x

′
on the sphere, thus

∆y

∆x
=

∆ϕ

∆x′ =
∆ϕ

cosϕ∆x
,

where ∆y represents the distance between parallels in the projection at
a given latitude of ϕ degrees, ∆x is the distance between meridians at
the equator, and ∆x

′
is the corresponding distance on the sphere at the

latitude of ϕ degrees.

Figure 4: Derivation of the conformal meridional stretching (v. Lewi(2006)).

This relation can be simpli�ed to provide ∆y as a function of ϕ for
every ϕ:

This is a numerical approximation of an ordinary di�erential equa-
tion. In order to �nd the meridional stretching y as a function of ϕ one
can solve the integral equation:

y(ϕ) =

∫ ϕ

θ

sec θdθ

with the solution being: y(ϕ) = ln tan(ϕ
2

+ π
4
) = ln cosϕ

1−sinϕ .
Neither Mercator nor Wright knew integral calculus and even loga-

rithms were not heard of prior to 1614. How did they then (and rather
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Wright with increasing precision) actually compute the values of y(ϕ)
at di�erent values of ϕ, i.e. how did they compute the de�nite integral∫ ϕ
0

sec θ dθ?

5.3. Computing (approximately) de�nite integrals .
A de�nite integral can be visualized as the area under the curve of

the integrand, in our case sec θ, from 0 to θ. That area can be approx-
imated if we replace the integrand curve by a straight-line chord from
f(0) to f(θ). The area of thus created trapezoidal-shaped region can be
straightforwardly computed. This simple approach creates a large error,
the area between the original curve and the straight-line chord. We can
signi�cantly decrease the error by dividing the interval [0, θ] in as many
subintervals we wish repeating the approximation in each subinterval
and summing up the result. The total error is proportional (linearly de-
pendent) on the width of the subintervals. This approach is now called
the composite rule of numerical integration. That computation may be
tedious but it is really quite simple: to �nd the solution you don't need
to know the analytical form of the result of the integration.

How did actually Mercator obtain his results? We do not know the
answer to this question. Our best guess is that he approximated the ver-
tical stretching by measuring points of intersection of loxodroms on the
globe with the meridians and then transporting them to the cylindrical
projection.

Figure 5: Geometrical construction that may have been used by Mercator (a
speculation).

In this �gure10, a loxodrome is constructed on a globe that inter-
sects the meridians at a constant angle of 60 degrees. At equal intervals

10Herman Nauts, 1962 (see [7, p. 21]).
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along a chosen meridian, parallel line segments a, b, c, d, . . . are drawn
that meet the loxodrome at the points A,B,C,D, . . . These segments
are marked along the horizontal axis of a rectangular grid and de-
�ne the points A′, B′, C ′, D′, . . . Perpendicular line segments through
these points intersect with the straight line at an angle of 60 degrees
with the vertical axis. These intersections are the images of the points
A,B,C,D, . . . on the globe. Since the original copper engraving has been
lost, the enigma around the Mercator projection may remain unresolved
for ever.

In Robert Karrow words (v. [15, p. 59]):

By following his curved rhumb lines and noting the longi-
tude at which these lines crossed the various parallels, then
transferring these coordinates to �at paper using straight
rhumb lines with the same bearing, he would have obtained
the basic framework of his projection.

According to Wilhelm Krücken(2014) (the map [6] from [5]) we can
assume that Mercator has made himself familiar with the problems of
navigation on the high seas in the production of his terrestrial globe
in 1541. The di�culties the sailors had with their �at maps were well
known to Mercator, who in a letter from 1546 wrote to his friend Antoine
Perrenot, the Bishop of Arras:

As often as I look at the charts, the most worthy bishop,
I had to wonder how things are going that the ship courses,
when the distance of the places is exactly placed on it, that
one time the lower latitude is larger than it really was, the
other time is smaller, and often with the right di�erence in
width of the places in question.

He then writes that this error of the sailors is still primarily due
to their "unfamiliarity with the speci�city of the magnetic compass",
namely that the misrepresentation varies from place to place.

6. The mystery of numbers.
Consider a rectangular mesh (graticule11, on the map) with the base

of 10o (degrees) between the neighboring meridians. Then the meridional
(vertical) stretching amounts to having the height of these rectangles
increase with the distance from the Equator. These heights must be
then more than 10o (stretching).

11Graticule is a grid formed by lines of latitude and longitude.



W. Proskurowski 247

Sec θ is always larger or equal 1 (at θ = 0, the Equator) and is a very
slowly growing function for small angles θ (small latitudes), see Fig. 6.
A de�nite integral can be visualized as the area under the curve of the

integrand, in our case sec θ, from 0 to θ. Thus,
∫ π

18

0
sec θ d θ must be

slightly larger than the area of the rectangle 10 × 1.

Figure 6: Values of sec θ.

The following Table 1 has been reproduced widely in many publica-
tions

The �rst number, height at 10o, is equal to 6.030. Negative stretch-
ing, also known as shrinking? False news to confuse the enemy? What
is going on?

Adolf Erik Nordenskiöld, [16], p. 9613 presented the following postu-
lation:

Mercator seems to have calculated the length of the intervals
between every tenth degree of the parallel by means of the
approximate formula

f(θ + 10) = f(θ) +
10

cos (θ + 5)
,

12A nearly identical table appears in [15] without a word about the scaling.
13For Edme-François Jomard mentioned in Table 2, see [4].
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Degrees ϕ y (Wright) y(ln cosϕ
1−sinϕ) ∗ 34, 373.468 Relative Di�erence %

0 0 0 .000

10 6,030 6,030 .000

20 12,251 12,258 .008

30 18,884 18,882 .011

40 26,228 26,224 .015

50 34,746 34,741 .014

60 45,277 45,268 .020

Table 1: Comparison between Wright's numerical integration and the exact
value scaled13 (by 0.6 ∗ 180

π = 34.377467707849391), see [7, p. 28]

where f(θ) is the equatorial distance on the map at the
latitude θ.

Compare Tab. 1 with the following one, Tab. 2, produced by Nor-
denskiöld using the above formula. The �rst number, height at 10o, is
equal to 10.04.

The parallel at Calculated Mercator's map (Jomard's copy)

10o 10,04 10,1

20o 20,39 20,3

30o 31,42 31,0

40o 43,63 42,8

50o 57,77 56,5

60o 75,20 73,3

70o 98,86 96,3

Table 2: The length of the intervals between every tenth degree.

If one uses the exact solution formula to evaluate y(θ) at θ = 10o =
π
18

in radians, one obtains:

y(
π

18
) =

∫ π
18

0

sec θ d θ = ln tan(
π
18

2
+
π

4
) ≈ 0.1754, in radians.

Then multiplying 0.1754 by 180
π

one obtains 10.040, in degrees. And
this is the same result as in Nordenskiöld's Table 2. Thus, we can make
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a conclusion that the results are unit dependent; in Table 2 they are in
degrees of latitude.14

If one uses a minute of latitude as a unit then the results in Table 2
must be multiplied by 60. If one uses a 100 minutes of latitude as a unit
then the results in Table 2 must be multiplied by 0.6. In this way we
obtain the Wright's Table 1.

We may ask then, what units did Wright used in the �rst place?

Figure 7: Title page of Edward Wright's �Certaine Errors in Navigation�,
1599 (v. Wright (1599)).

The �rst paragraph in his original book [18] from 1599 (Table in
�g. 8) reads:

A correction of Errors

Till the Printer had thucfarre proceeded, I was purposed to
have published the whole Table before mencioned, in such
sort as I had made it, (supposing a Meridian of the Nauti-
call Planisphare to be divided, beginning at the equinoctial)
into such parts whereof a minute of the equinoctial con-
tainth 10.000, and setting downe by which of these parts
everie minute of latitude is to be drawne, till you come within
a minute of the Pole.

14The stretching increases rapidly with latitude, it distorts the size of geographical
objects far from the equator. At latitudes greater than 60o − 70o the Mercator
projection is practically unusable.



250 Flattening the Earth

Figure 8: Page from Wright (1599) original paper from 1599.

So here we have it, a minute of latitude is set to ten thousand units.
Note the familiar number of 6030 for the 10o latitude (middle column
at the bottom of the Table in Figure 8).

Historically, a nautical mile (1,852 meters) was de�ned as one minute
of latitude, which is equivalent to one sixtieth of a degree of latitude.

Thus, Wright's results are in historical nautical miles while Norden-
skiöld's numbers are given in degrees of latitude. Mystery solved.

7. A detective story. Jodocus Hondius (1563�1612) was a Flemish
engraver who �ed to London in 1585. In London he became acquainted
with the English mathematician Edward Wright. Upon his return in
Amsterdam (in 1596/1597), he published a world map using the Mer-
cator projection, in spite the fact that Mercator never had admitted of
how the projection should be constructed, and that he had taken the
secret to his grave. At this point the history of the Mercator projection
almost takes the form of a detective story, with Edward Wright, one of
the leading mathematicians of Elizabethan England, in the center.
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It was Wright (1561�1615) who explained the Mercator projection
with the analogy of a sphere being in�ated like a bladder inside a hol-
low cylinder. The sphere is expanded uniformly, so that the meridians
lengthen in the same proportion as the parallels until each point of the
expanding spherical surface comes into contact with the inside of the
cylinder. The cylinder is then opened out into a two-dimensional rectan-
gle. The projection is a boon to navigators as rhumb lines are depicted
as straight lines.

Edward Wright was born in 1561 in a family with modest income.
In 1576 he entered Gonville and Caius College in Cambridge where he
obtained a fellowship in 1587. In 1589 Wright joined the expedition
of George, Earl of Cumberland, to the Azores in order to prey upon
Spanish ships and to obtain booty from them. He returned to Cambridge
the same year. Three years later (1592) he presented his manuscript
�Certaine Errors in Navigation� (see Fig. 7) to the Earl of Cumberland.
The work provided a mathematical justi�cation of Mercator's projection
(also including a discussion of the variation of the compass and of the
errors arising from the use of the cross sta� and various astronomical
tables for the determination of latitude.)

There is no doubt that Edward Wright had discovered the mathe-
matical form of the projection that Mercator had �rst used in 1569 but
was reluctant to reveal. The central idea of Wright's mathematical form
is straightforward:

I �rst thought of correcting so many gross errors . . . in the
sea chart, by increasing the distances of the parallels, from
the equinoctial towards the poles, in such sort, that at every
point of latitude in the chart, a part of the meridian might
have the same proportion to the like part of the parallel,
that it has in the globe.

Wright solved the integral f(ϕ) =
∫ ϕ
0

sec θ d θ by means of a �nite
sum over successive one-degree intervals of ∆ϕ:

. . . by perpetual addition of the secantes answerable to the
latitudes of each point or parallel into the summe com-
pounded of all the former secantes.

This shows clearly that Wright used the idea of numerical integra-
tion, in the composite rule formulation. In modern notation we would
write it as
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f(ϕ) ≈ ∆ϕ
n∑
i=1

secϕi,where ϕi = i∆ϕ, and n =
ϕ

∆ϕ

Hondius borrowed Wright's manuscript after agreeing not to publish
any of its content. Obviously, accurate tables of results were too great a
temptation to Hondius and in 1597 in Amsterdam he published a World
Map, the so-called Christian-Knight map, without permission in laying
out the projection.

When Mercator died in 1584 his family continued the business. In
1606 they sold it to the Hondius family. The Hondius family used the
engraved copper plates from Mercator's atlas to publish a new enlarged
version of it known as the Mercator-Hondius Atlas. Hondius gave Merca-
tor full credit as the author of the work, listing himself as the publisher.
Hondius' new edition of Mercator revived the great cartographer's repu-
tation and was a success, selling out after a year. Hondius later published
a second edition, as well as a pocket version called the Atlas Minor. The
maps have since become known as the "Mercator-Hondius series".

Let us compare the Mercator 1569World Map with the 1597 Christian-
Knight map by Hondius since they both use Mercator orthogonal pro-
jection with stretching and belong to very few maps of that time to do
so. First of all, Hondius map is up-to-date: the latest European discov-
eries are shown. After all, almost 30 years have past since 1569 to 1597.
Things were changing fast then, as now (who even remembers Netscape
these days, and it was established in 1994, only 25 years ago). Secondly,
and most importantly, there is no visible improvement in the 1597 map
while using more precise Wright' data. In addition, both are centered
on the Atlantic (zero meridian through Iceland).

8. Conclusions.
Mercator's genius lay in believing that a solution to the prob-

lem of satisfying the requirement that rhumb lines be straight on a
planar map existed (v. [15, p. 59]).

Was Mercator a poor mathematician? Of course, Mercator was pri-
marily a cartographer and Wright a mathematician, and moreover 30
years have passed from 1569 to 1599 thus, not surprisingly, Wright's
data is much more precise. This is a normal progress in the development
of scienti�c discovery. Nevertheless, one must remember that Mercator
data is within 2.5% relative error.

Mercator's 1569 map (based on his projection method) has not been
much in use in the following 100 years or more. Why? Not because
numbers de�ning meridional stretching were inaccurate, nor because
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his map was inaccurate (or outdated), nor because Mercator and his
map were not well known. The main reasons for not using Mercator
map in the XVII century were that his map was too large to carry
on board, and that sailors did not know how to accurately �nd their
position (longitude) at sea.

9. Acknowledgments. I would like to thank Professor Maksymil-
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grateful to Tom Loo for introducing me to the subject.
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Spªaszczanie ziemi:
matematyczne i historyczne aspekty projekcji Mercatora

Wªodek Proskurowski

Streszczenie. Podczas rzutowania kuli ziemskiej na powierzchni¦ pªa-
sk¡ nie jest mo»liwe speªnienie wi¦cej ni» jednego z nast¦puj¡cych
trzech kryteriów: zgodno±ci k¡tów, równo odlegªo±ci i równowa»no±ci
obszarów. Rozwi¡zaniem Mercatora do zastosowania w nawigacji byªo
zastosowanie projekcji cylindrycznej o rosn¡cych odlegªo±ciach mi¦dzy
równolegªymi, tak aby linie rumbu staªy si¦ liniami prostymi.

W tej pracy przedstawiamy wyprowadzenie poªudnikowego rozci¡ga-
nia, które wymaga unikalnego wspóªczynnika rozci¡gania, mapy kon-
foremnej, która zachowuje k¡ty. Uznano, »e do rozwi¡zania problemów
kartogra�i nale»y wykorzysta¢ metody matematyczne. Podkre±lamy
fakt, »e kartografowie stosowali metody matematyczne, które obecnie
zaliczamy do matematyki stosowanej, w szczególno±ci do metod nume-
rycznych.

W literaturze istniej¡ tabele ró»ni¡ce si¦ wynikami przypisywane Wri-
ghtowi. Badaj¡c oryginaln¡ prac¡ Wrighta (1599) pokazujemy, i» jego
warto±ci s¡ podane w dawnych milach morskich, a nie stopniach sze-
roko±ci geogra�cznej.

Prezentujemy równie» krótki przegl¡d prac holenderskich kartografów
XVI wieku.

2010 Klasy�kacja tematyczna AMS (2010): 91D20; 53A15.

Sªowa kluczowe: projekcja Mercatora zachowuj¡ca k¡ty; caªkowanie nu-
meryczne w XVI wieku; tablica wyników zale»na od jednostek..

Wªodek Proskurowski

University of Southern California

Department of Mathematics

Los Angeles, CA

E-mail: proskuro@usc.edu

Communicated by: Krzysztof Szajowski

(Received: 23rd of October 2019; revised: 28th of December 2019)

http://dx.doi.org/10.2307/1150701
http://dx.doi.org/10.2307/1150701
http://www.jstor.org/stable/1150701
http://wydawnictwa.ptm.org.pl/index.php/matematyka-stosowana/article/viewArticle/6530
https://orcid.org/0000-0002-5816-4345

