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PREFACE. 

In this publication it has been the aim of the authors to present in simple form 
some of the ideas that lie a t  the foundation of the subject of map projections. Many 
people, even people of education and culture, have rather hazy notions of what is 
meant by a map projection, to say nothing of the knowledge of the practical con- 
struction of such a projection. 

The two parts of the publication are intended to meet the needs of such people; 
the first part treats the theoretical side in a form that is as simple as the authors 
could make it; the second part attacks the subject of the practical construction 
of some of the most important projections, the aim of the authors being to  give 
such detailed directions as are necessary to present the matter in a clear and simple 
manner. 

Some ideas and principles lying a t  the foundation of the subject, both the- 
oretical and practical, are from the very nature of the case somewhat complicated, 
and it is a difEcult matter to state them in simple manner. The theory forms an 
important part of the differential geometry of surfaces, and it can only be fully 
appreciated by one familiar with the ideas of that branch of science. Fortunately, 
enough of the theory can be given in simple form to enable one to get a clear notion 
of what is meant by a map projection and enough directions for the construction can 
be given to aid one in the practical development of even the more complicated 
projections. 

It is hoped that this publication may meet the needs of peoplc along both 
of the lines indicated above and that it may be found of some interest to those who 
may already have a thorough gasp of the subject as a whole. 

PREFACE TO FOURTH EDITION. 

In this edition there has been added a r6sum6 of the systems of map projection 
which are of special interest in problems of the present day. Tables for the gnomonic 
projection of a map of the United States have also been added, the center of the pro- 
jection or poi@ of tangency beipg in latitude 40°, and the middle longitude recom- 
mended being 96' west. The intervals of the projection are given for every degree. 
A new table for the construction of a parabolic equal-area projectipn for world or 
sectional mapping is given. As this table is based on the authalic (or equal-area) 
latitude, a greater precision in results is thereby obtained. In addition to  the fore- 
going tables there are also included the tables of two conformal projections for a 
map of the world, one being the development of the spherezwithin the area inclosed 
by a two-cusped epicycloid, the other, a projection by Lagrange showing the earth's 
surface within a circle with center on the Equator, the variations being most con- 
spicuous in the polar regions. 
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I Lines o f  scale error or linear distortion 
Polyconic projection ......... 2%, 4% and GZ,shown 
Lambert Conformal ............ 2% and 4%.shown ky dotted lines (east and west) 
Lambert Zenithal ................ 2%,shown by boundinb circle 

Albers ........................... : ............ 2% and 47.,shmn by dot and dash lines (east and west) 

vertical broken lines 
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ELEMENTS OF MAP PROJECTIONS WITH APPLICATIONS TO 
MAP AND CHART CONSTRUCTION. 

By CHARLES H. DEETZ, Senior Cartographic Engineer, and OSCAR S. ADAMS, Senior Mathematician. 

PART I. 
GENERAL STATEMENT.’ 

Whatever may be the destiny of man in the ages to come, it is certain that for 
the present his sphere of activity is restricted to  the outside shell of one of the 
smaller planets of the solar system-a system which after all is by no means the 
largest in the vast universe of space. By the use of the imagination and of the 
intellect with which he is ondowed he may soar into space and investigate, with 
more or less certainty, domains far reniovcd from his present habitat; but as rogards 
his actual presence, he can not leave, except by insignificant distances, the outside 
crust of this small earth upon which he has been born, and which has formed in 
the past, and must still form, the theater upon which his activities are displayed. 

The connection between man and his immediate terrestrial surroundings is there- 
fore very intimate, and the configuration of the surface features of the earth would 
thus soon attract his attention. It is only reasonable to suppose that, even in the 
most remote ages of the history of the human race, attempts were made, however 
crude they may have been, to  depict these in some rough manner. No doubt these 
first attempts a t  representation were scratched upon the sides of rocks and upon the 
walls of the cave dwellings of our primitive forefathers. It is well, then, in the light 
of present knowledge, to  consider the structure of the framework upon which this 
representation is to be built. At best we can only partially succeed in any attempt 
at  representation, but the recognition of the possibilities and the limitations will serve 
as valuable aids in the consideration of any specific problem. 

We may reasonably assume that the earliest cartographical representations con- 
,sisted of maps and plans of comparatively small areas, constructed to meet some 
need of the times, and it would be later on that any attempt would be made to 
extend the representation to more extensive regions. In these early times map mak- 
ing, like every other science or art, was in its infancy, and probably the first attempts 
of the kind were not what wc should now call plans or maps a t  all, but rough per- 
spective representations of districts or sketches with hills, forests, lakes, etc., all 
shown as they would appear to a person on the earth’s surface. To represent these 
features in plan form, with the eye vertically over the various objecta, although of 
Very early origin, was most likely a later development; but we are now never likely 
to know who started the idea, since, as we have seen, it dates back far into antiquity. 

Geography is many-sided, and has numerous branches and divisions; and though 
i t  is true that map making is not the whole of geography, as it would be well for us 

1 Paraphsed froin “Muys and Map-maklnp,” by IC. A .  Reeves, London, 1010. 
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8 U. S. COAST AND GEODETIC SURVEY. 

to remind ourselves occasionally, yet i t  is, a t  any rate, a very important part of it, 
and it is, in fact, the foundation upon which all other branches must ncccssarily 
depend. If we wish to study the structure of any region we must have a good map 
of it upon which the various land iorms can be shown. If we desire to  represent the 
distribution of the races of mankind, or any other natural phenomenon, it is cssen- 
tial, first of all, to construct a reliable map to show their location. For navigation, 
for military operations, charts, plans, and maps are indispensable, as they are also 
for the demarcation of boundaries, land taxation, and for many other purposes. It 
may, therefore, be clearly seen that some lrnowledge of the essential qualities inherent 
i n  the various map structures or frarncworks is highly desirable, and in any case the 
makers of maps should have a thorough grasp of the properties and limitations of 
the various systems of projectioii. 



ANALYSIS OF THE BASIC l3LEMENTS OF MAP PROJECTION.’” 

PROBLEM TO BE SOLVED. 

A map is a small-scale, flat-surface representation of some portion of the sur- 
face of the earth. Nearly every person from time to time makes use of maps, and 
our ideas with regard to  the reIative areas of the various portions of the earth‘s 
surface are in general derived from this source. The shape of the land masses and 
their positions with respect to one another are things about which our ideas are 
influenced by the way these features are shown on the maps with which we become 
f umiliar . 

It is fully established to-day that the shape of the earth is that of a slightly 
irregular spheroid, with the polar diameter about 26 miles shorter than the equatorial. 
The spheroid adopted for geodetic purposes is an ellipsoid of revolution formed by 
revolving an ellipse about its shorter axis. For the purpose of the present discussion 
the earth may be considered ns a sphere, because the irregularities are very small 
compared with the great size of the earth. If the earth were represented by a 
spheroid with an equatorial diameter of 25 feet, the polar diameter would be approsi- 
mately 24 feet 11 inches. 

Fm. 1.-Conical surface cut from base to apex. 

The problem presented in map making is the question ot representing the sur- 
face of the sphere upon a plane. It requires some thought to  arrive a t  a proper 
appreciation of the difficulties that have t o  be overcome, or rather that have to be 
dealt with and among which thoro must always be a compromise; that is, a little of 
ono desirable property must be sacrificed to attain a little more of some other special 
feature. 

In the first place, no portion of the surface of a sphere can be spread out in a 
plane without some stretching or tearing. This can be seen by attempting to flatten 
out a cap of orange peel or a portion of a hollow rubber ball; the outer part must 
be stretched or torn, or generally both, before the central part will come into the 
plane with the outer part. This is exactly the difficulty that has to be contended 
with in map making. There are some surfaces, however, that can be spread out in 
a plane without any stretching or tearing. Such surfaces are called developable 
surfaces and those like the sphere are called nondevelopable. The cone and the 
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cylinder are the two well-known surfaces that are developable. If a cone of revo- 
lution, or a right circular cone as i t  is called, is formed of thin material like paper 

FIG. 2.-Development of the conical eurface. 

and if it is cut from some point in the curve bounding the base to the apex, the 
conical surface can be spread out in a plane with no stretching or tearing. (See 
figs. 1 and 2.) Any curve drawn on the surface will have exactly the same length 
after development that it had before. In  the same way, if a cylindrical surface is 

FIQ. 3.-Cylindrical surface cut from base to base. 

cut from base to base the whole surface can bc rolled out in the plane, if the surface 
consists of thin pliable material. In this case also there is no 
stretching or tearing of any part of the surface. Attention is called to the develop- 
able property of these surfaces, because use will be made of them in the later dis- 
cussion of the subject of map making. 

(See figs. 3 and 4.) 
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Fro. 4.-Developrncnt of the cylindrical siirIace. 

REFERENCE POINTS ON THE SPHERE. 

A sphere is such that any point of it is exactly like any other point; there is 
neither beginning nor ending as far as differentiation of points is concerned. On the 
earth it is necessary to have some points or lincs of reference so that other points 
may be located with regard to them. Places on tho earth are located by latitude 
and longitude, and it may be well to explain how these quantities are related to  the 
terrestrial sphere. The earth sphere rotates on its axis once a day, and this axis 
is therefore a definite lhie that is different from overy other diameter. The ends of 
this diameter are called the poles, one the North Pole and the other the South Pole. 
With these as starting points, the sphere is supposed to be divided into two equal 
parts or hemispheres by a plane perpendicular to the axis midway between the poles. 
The circle formed by the intersection of this plane with the surface of the earth is 
called the Equator. Since this line is defmed with reference to the poles, it is a 
definite line upon the earth. All circles upon tho earth which divide it into two 
equal parts n m  called great circles, and tho Equator, therefore, is a great circle. 
It is customary to divido tho circle into four quadrants and each of these into 90 
equal parts called degrees. There is no reason why the quadrant should not be 
divided into 100 equal parts, and in fact this division is sometimes used, each part 
being then called a grade. In  this country the division of the quadrant into 90" is 
almost universally used; and accordingly the Equator is divided into 360". 

After the Equator is thus divided into 360°, there is diificulty in that there is 
no point at which to begin the count; that is, there is no definite point to count as 
zero or AS the origin or reckoning. This difficulty is met by the arbitrary choice 
of some point the significance of which will be indicated after some proliminary 
explanations. 

Any number of great circles can be drawn through the two poles and oach one of 
them will cut the Equator into two equal parts. Each one of these grcat circles 
may be divided into 360°, and there will thus bo 90' between tho Equator and each 
pole on each side. These are usually numbered from 0' to 90" from tho Equator to 
the pole, the Equator being 0' and the pole 90'. Theso great circles through the 
poles are called meridians. Let us suppose now that WQ take a point on one of 
theso 30" north of the Equator. Through this point pass a plqne perpendicular 
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to the axis, and hence parallel to the plane of the Equator. This plane wiil intersect 
the surface of the carth in a small circle, which is called a parallel of latitude, this 
particular one being the parallel of 30" north latitude. Every point on this pardel  
will be in 30" north latitude. In  the same way other small circles are determined 
to represent 20°, 40°, etc., both north and south of the Equator. It is evident that 
each of thcse small circles cuts the sphere, not into two equal parts, but into two 
unequal parts. These parallels are drawn for every lo", or for any regular interval 
that may be selected, depending on the scale of the sphere that represents the earth. 
The point to bear in mind is that the Equator was drawn as the great cii.de midway 
between the poles; that the parallels were constructed with reference to the Equator; 
and that therefore they are dcfinito small circles referred to tho poles. Nothing is 
arbitrary except the way in which the parallels of latitude are numbered. 

DETERMINATION OF LATITUDE. 

The latitude of a place is determined simply in the following way: Very nearly 

FIG. 5.-Determirmtion of the latitude of a place. 

ill the prolongation of tho earth's axis to the north thero happens to be a star, to 
which tho name polestar has been given. If onu were at  the North Pole, this star 
would appear to him to be directly overhead. Again, suppose a person to be at  
the Equator, then the star would appear to him to be on the horizon, level with his 
eye. It might be thought that it would be below his eye because it is in line with 
the earth's axis, 4,000 miles beneath his feet, but the distance of the star is so enormous 
that tho radius of the earth is exceedingly small as compared with it. AI1 lines to  
the star from Merent  points on the earth appear to be parallel. 
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Suppose a pcrson to be a t  A (see fig. 5 ) ,  one-third of the distance between the 
Equator and the North Polc, the line BC will appear to him to be horizontal and he 
will see the s t R r  one-third of tho way up from the horizon to the point in the hcavens 
directly overhead. This point in the line of the vertical is called the zenith. It is 
now seen that the latitude of any place is the same as the height of the polestar 
above the horizon. Most people who have traveled have noticed that as they go 
south the polestar night by night appears lower in the heavens and gradually dis- 
appears, while the Southern Cross gradually comes into view. 

At sea the latitude is determined every day a t  noon by an observation of the 
sun, but this is because the sun is brighter and more easily observed. Its distance 
from the pole, which varies throughout the year, is tabulated for each day in a book 
called the Nautical Almanac. When, therefore, an observation of the sun is made, 
its polar distance is allowed for, and thus the latitude of the ship is determined by 
the height of the pole in tho heavens. Even the star itself is directly observod upon 
from time to time, If 
the star is one-third of the way up, measured from the horizon toward the zenith, 
than the point of observation is one-third of the way up from the Equator toward 
the pole, and nothing can alter this fact. By polestar, in the previous discussion, 
is really meant the true celestial pole; that is, the point a t  which the prolongation 
of the earth's axis pierces the celestial sphere. Corrections must be made to the 
observations on the star to reduce them to this true pole. I n  the Southern Hemis- 
phere latitudes are related in a similar way to the southern pole. 

Strictly speaking, this is what is called the astronomical latitude of a place. 
There are othcr latitudes which differ slightly from that described above, partly 
because the earth is not a sphere and partly on account of local attractions, but 
the above-described latitude is not only the one adopted in all general treatises but 
it is also the one employed on aU gencrnl maps and charts, and it is the latitude 
by which dl navigation is conducted; and if we assume the earth to be n homogene- 
ous sphere, i t  is the only latitude. 

This shows that the latitude of a place is not arbitrary. 

DETERMINATION OF LONGITUDE. 

This, howcver, fixes only the parallel of latitude on which a place is situated. 
If i t  be found tliat the latitude of one place is 10' north and that of anothcr 20' north, 
then the second place is 10" north of the first, but as yet wc have no mcans of showing 
whether it is east or west of it. 

I€ at some point on the earth's surface a perpendicular pole is erected, its shadow 
in the morning will be on the west side of it and in the evening on the east side of it. 
At a certain moment during the day the shadow will lie due north and south. The 
moment a t  which this occurs is called noon, and it will be the same for all points 
exactly north or south of the given point. A great circle passing through the poles 
of the earth and through the given point is called n meridian (from meridies, midday), 
and it is therefore noon a t  the same moment a t  all points on this meridian. Let us 
suppose that a chronometer keeping correct time is set at  noon at a given place and 
then carried to some other place. If noon a t  this latter place is observed and the 
time indicated by the chronometer is noted a t  the same moment, the difference of 
time will be proportional to the part of the earth's circumference to the east or west 
that has been passed over. Suppose that the ohronometer shows 3 o'clock whenit 
is noon a t  the place of arrival, then the meridian through the new point is situated 
one-eighth of the way around the world to the westward from the first point. This 
difference is a definite quantity and has nothing arbitrary about it, but it would he 
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exceedingly inconvenient to have to work simply with differences between the 
various places, and all would be chaos and confusion unless some place were agreed 
upon as the starting point. The need of an origin of reckoning was evident as soon 
as longitudes began to be thought of and long before they were accurately determined. 
A great many places have in turn been used; but when the English people began to 
make charts they adopted the meridian through their principal observatory of 
Greenwich as the origin for reckoning longitudes and this meridian bas now been 
adopted by many other countries. I n  France the meridian of Paris is most generally 
used. The adoption of any one meridian as a standard rather than another is 
purely arbitrary, but it is highly desirable that all should use the same standard. 

The division of the Equator is made to begin where the standard meridian 
crosses it and the degrees are counted 180 east and west. The standard meridian is 
sometimes called the prime meridian, or the first meridian, but this nomenclature is 
slightly misleading, since this meridian is really the zero meridian. This great circle, 
therefore, which passes through the poles and through Greenwich is called the merid- 
ian of Greenwich or the meridian of 0' on one side of the globe, and the 180th 
meridian on the other side, it being 180' east and also 180' west of the zero meridian. 

By setting a chronometer to Greenwich time and observing the hour of noon a t  
various places their longitude can be determined, by allowing 15' of longitude to 
each hour of time, because the earth turns on its axis once in 24 hours, but there 
are 360' in the entire circumference. This description of the method of determining 
differences of longitude is, of course, only a rough outline of the way in which they 
can be determined. The exact determination of a difference of longitude between 
two places is a work of considerable difficulty and the longitudes of the principaI 
observatories have not even yet been determined with sufficient degree of accuracy 
for certain delicate observations. 

PLOTTING POINTS BY LATITUDE AND LONGITUDE ON A GLOBE. 

If a globe has the circles of latitude and longitude drawn upon it according to 
the principles described above and the latitude and longitude of certain places have 
been determined by observation, these points can be plotted upon the globe in their 
proper positions and the detail can be filled in by ordinary surveying, the detail 
being referred to the accurately determined points. In this way a globe can be 
formed that is in appearance a small-scale copy of the spherical earth. This copy 
will be more or less accurate, depending upon the number and distribution of the 
accurately loca ted points. 

PLOTTING POINTS BY LATITUDE AND LONGITUDE ON A PLANE MAP. 

If, in the same way, lines to  represent latitude and longitude bo drawn on ti 
plane sheet of paper, the places can be plotted with reference to these lines and the 
detail filled in by surveying as before. The art of making maps consists, in the first 
place, in constructing the lines to  represent latitude and longitude, either as nearly 
like the lines on the globe as possible when transferred from a nondevelopable 
surface to a flat surface, or else in such a way that some one property of the lines 
will be retained a t  the expense of others. It would be practically impossible to 
transfer the irregular coast lines from a globe to a map; but it is comparatively 
easy to transfer the regular lines representing latitude and longitude. It is possible 
to lay down on a map the lines representing the parallels and meridians on a globe 
many feet in diameter. These lines of latitude and longitude may be laid down for 
every loo, for every degree, or for any other regular interval either greater or smaller. 
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In any case, the thing to be done is to lay down the lines, to plot the principal 
points, and then to fill in the detail by surveying. After one map is made it may 
be copied even on another kind of projection, care being taken that the latitude und 
longitude of every point is kept correct on the copy. It is evident that if the 
lines of latitude and longitude can not be laid down correctly upon a plane surface, 
still less can the detail be laid down on such a surface without distortions. 

Since the earth is such a large sphere it is clear that, if only a small portion of 
a country is taken, the surface included will differ but very little from a plane surface. 
Even two or three hundred square miles of surface could be represented upon a plane 
with an amount of distortion that would be negligible in practical mapping. The 
difficulty encountered in mapping large areas is gotten over by first making many 
maps of small area, generally such as to be bounded by lines of latitude and longi- 
tude. When a large number of these maps have been made it will be found 
that they can not be joined together so as to lie flat. If they are carefully joined 
along the edges it will be found that they naturally adapt themselves to the shape 
of the globe. To obviate this difficulty another sheet of paper is taken and on it 
are laid down the lines of latitude and longitude, and the various maps are copied 
so as to fill the space allotted to them on this larger sheet. Sometimes this can be 
done by a simple reduction which does not affect, the accuracy, since the accuracy 
of a map is independent of the scale. In  most cases, however, the reduction will 
have to  be unequal in different directions and sometimes the map has to be twisted 
to  fit into the space allotted to it. 

In  the 
.first place, correct maps of small areas must be made, which may be called survey- 
ing; and in the second place these small maps must be fitted into a system of lines 
representing the meridians and parallels. This graticule of the orderly arrange- 
ment of lines on the plane to  represent the meridians and parallels of the earth is 
called a map projection. A discussion of the various ways in which this graticule 
of lines may be constructed so as to  represent the meridians and parallels of the earth 
and at the same time so as to preserve some desired feature in the map is called a 
treatise on map projections. 

The work of making maps therefore consists of two separate processes. 

HOW TO DRAW A STRAIGHT LINE. 

Few people realize how difficult it is to draw a perfectly straight line when no 
straightedge is available. When a straightedge is used to  draw a straight line, a 
copy is really made of a straight line that is already in existence. A straight line 
is such that if any part of it is laid upon any other part so that two points of the 
one part coincide with two points of the other the two paxts will coincide through- 
out, The parts must coincide when put together in any way, for an arc of a circle 
can be made to coincide with any other part of tho same circumference if the arm 
are brought together in a certain way. A carpenter solves the problem of joining 
two points by a straight line by stretching a chalk line between them. When the 
line is taut, he raises it slightly in the middle portion and suddenly releases it. Some 
of the powdered chalk fiies oft' and leaves a faint mark on the line joining the points. 
This depends upon tho principle that a stretched string tends to become as short 
as possible unless some other force is acting upon it than the tension in tho direction 
of its length. This is not a very satisfactory solution, however, since the chalk 
makes a line of considerable width, and the line will not be perfectly straight unless 
extra precautions are taken. 
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A straightedge can be made by clamping two thin boards together and by 
planing tlie common edge. As they are planed together, the edges of the two will 
be alike, either both straight, in which case the task is accomplished, or they will 
bo both convex, or 110th concave. Thcy must both bc alike; that is, one can not 
be convex and the other concave et any given point. By unclmping them it  can 
be secn whether the planed edges fit exactly when placed together, or whether they 
nced some more planing, due to being convex or concave or due to being convex 
in places and concave in other places. By repeated trials and with 
s a c i e n t  patience, a straightedge can be made in this way. In practice, o€ course, 
a straightedge in process of construction is tosted by one that lias already been made. 
Machines for drawing straight lincs can bc constructed by linkwork, but they are 
seldom used in practicc. 

(See fig. 6.) 

I I 

I I 

FIG. B.--Construction of a Htraight edge. 

It is in any cuso dificult to draw straight lines of very great length. A straight 
line only t~ few hundred meters in length is not easy t o  construct. For very long 
straight lines, as in gunnery and surveying, sight lines are taken; that is, use is 
made of the fact that when temperature and pressure conditions are uniform, light 
travels through space or in air, in straight lines. If three points, A,  B, and C, are 
such thnt B appears to coincide with C when looked at  from A ,  then A, B, and C 
are in a straight line. This principle is made use of in sighting a gun and in using 
the telescope for astronomical measurements. I n  surveying, directions which are 
straight lines are found by looking at the distant object, the direction of which from 
the point of view we want to determine, through a telescope. The telescope is 
moved until the image of the small object seen in it coincides with a mark fixed 
in tho telescope in the center of the field of view. When this is the case, the mask, 
the center of the object glass of the telescope, and the distant object are in one 
straight line. A graduatcd scale on tho mounting of the telescopo enables us t u  
tletorminc the tljrcction of tho line joining the fixed mark in the telescope a d  tho 
center of the object glass. This direction is tho direction of the distant object as 
soen by the eye, and it will be determined in terms of another direction assumed 
as the initial direction. 

HOW TO MAKE A PLANE SURFACE. 

While a line has length only, a surface has length and breadth. Among sur- 
faces a plane surface is one on which a straight line can be drawn through any point 
in any direction. If a straightedge is applied to a plane surface, it can be turned 
around, and it Will in every position coincide throughout its ontire length with tho 



ANALYSIS OF THE BASIC ELEMENTS O F  MAP PROJECTION. 17 

surface. Just as a straightedge can be used to test a plane, so, equally well, can 
a plane surface be uscd to tcst R straightedge, and in a machine shop a plate with 
plane surface is used to test accurate workmanship. 

The accurate construction of a plane surface is t,hus a problem that is of very 
areat practical importance in engineering. .A very much greater degree of accuracy P 
is required than could be obtained by a straightedge applied to the surface in dif- 
ferent directions. No straightedges in existence arc as accurate as it is required 
that the planes should be. The method employed is to malic three planes and to 
tcst them against one another two and two. The surfaces, having been madc as 
truly plnnc as ordinary tools could render them, axe scraped by hand tools and 
rubbed togcthcr from timc to time with a little very fine rcd lend bctmcn them. 
Wicrc they touch, the red load is r:ibbcd off, and thcn the plates are scraped again 
to rcinovc the little elevutions thus rcvealed, and the process is continued until all 
t8he projccting points have been removed. If only two planes wcrc worked togcthcr, 
onc might be convex (rounded) nnd the other concave (hollow), and if they had the 
same curvature they might still touch at all points and yet not be plane; but if 
thrco surfaces, A ,  B, and C, arc worked togethcr, and if 11 fits both B and C and 
A is concavc, then B and C must be both convex, and they will not fit one another. 
If B and C both fit A and also fit one another at all points, then all three must be 
truly plane. 

When an accurate plane-surface plato has once been made, others can be made 
one at  a time and tested by trying thom on the standard plate and moving them 
over the surface with a little red lead between them. When two surface plates 
made as truly plane as possible arc placed gently on one another without any red 
lead betwecn them, the uppcr plate will float almost without friction on a very thin 
layer of air, which takes a very long time to escapo from between the plates, because 
they arc everywhere so very near together. 

HOW TO DRBW THE CIRCLES REPRESENTING MERIDIANS AND PARALLELS ON A SPHERE. 

We have seen that it is difficult to &maw a straight line and also dificult to 
construct a plane surface with any degree of accuracy. The problem of constructing 
circles upon a sphere is one that requircs some ingenuity if the resulting circles arc 
to bc accurately drawn. If a hemispherical cup is conshucted that just fitts the 
sphere, two points on the rim exactly opposite to ono another may be determined. 
(See fig. 7.) To do this is not so easy as it appears, if there is nothing to mark the 
center of the cup. The diameter of the cup can be measured and a circle can be 
drawn on cardboard with the same diameter by the use of a compass. The center 
of this circle will be marked on the cardboard by the k e d  leg of the compass and 
with a straight edge a diameter can be drawn through this center. This circle can 
then be cut out and fitted just inside the rim of the cup. The ends of the diameter 
&awn on the card then mark the two points required on the edge of the cup. With 
some suitable tool a small notch can be made a t  each point on the edge of the cup. 
Marks should then be made on the edge of the cup for equal divisions of a semicircle. 
If i t  is desired to draw the parallels for every 10' of latitude, the semicircle must be 
divided into 18 equal parts. This can be done by dividing the cardboard circle by 
means of a protractor and then by marking the corresponding points on the edge 
of the cup. The sphere can now be put into the cup and points on it marked corrc- 
sponding to the two notches in the edge of the cup. Pins can be driven into these 
points and allowed to rest in the notches. If the diameter of the cup is such that 

D413i"--34----2 
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the sphere just fits into it, it can be found whether the pins are exactly in the ends 
of a diameter by turning the sphere on the pins as an axis. If the pins are not 
correctly placed, the sphere will not rotate freely. The diameter determined by the 
pins may now be taken as the axis, one of the ends being taken as the North Pole 

FIG. 7.--Conatructing the circles of parallels a i d  meridians on a globe. 

and the other as the South Pole. With a sharp pencil or with an engraving tool 
circles can be drawn on the sphere a t  the points of division on the edge of the cup 
by turning the sphere on its axis while the pencil is held against the surface at the 
correct point. The circle midway between the poles is a great circle and will repre- 
sent the Equator. The Equator is then numbered 0" and the other eight circles 0x1 
either side of the Equakor are numbered lo", 20°, etc. The poles themselves corre- 
spond to 90'. 

Now remove the sphere and, after removing one of the pins, insert the sphere 
again in such a way that the Equator lies along the edge of the cup. Marks can 
then be made on the Equator corresponding to the marks on the edge of the cup. 
In this way the divisions of the Equator corresponding to the meridians of 10' 
interval are determined. By replacing the sphere in its original position with the 
pins inserted, the meridians can be drawn along the edge of the cup through the 
rarious marks on the Equator. These will be great circles passing through the poles. 
One of these circles is numbered 0" and the others loo, Zoo,  etc., both east and west 
of the zero meridian and extending to 180' in both directions. The one hundred 
and eightieth meridian will be the prolongation of the zero meridian through the 
poles and will be the same meridian for either east or west. 

This sphere, with its two sets of circles, the meridians and the parallels, drawn 
upon it may now be taken as a model of the earth on which corresponding chdes 
arc supposed to be drawn. When it is a question only of supposing the circles to 
be drawn, and not actually drawing them, it will cost no extra effort to suppose them 
&awn and numbered for every degree, or for every minute, or even for every second 
of arc, but no one would attempt actually to draw them on a modcl globe for inter- 
vals of less than 1'. On the earth itself a second of latitude corresponds to a little 
more than 100 feet. For the purpose of studying the principles of map projection 
it is quite enough to suppose that the circles are drawn at  intervals of 10'. 



ANALYSIS OF THE BASIC ELEMENTS OF MAP PROJECTION. 19 

It was convenient in drawing the meridians and parallels by the method just 
described to place the polar axis horizontal, so that the sphere might rest in the cup 
by its own weight. Hereafter, however, we shall suppose the sphere to be turned 
so that its polar axis is vertical with the North Pole upward. The Equator and all 
the parallels of latitude will be horizontal, and the direction of rotation corresponding 
to the actual rotation of the earth will carry the face of the sphere a t  which we are 
looking from left to right; that is, from west to east, according to the way in which 
the meridians were marked. As the earth turns from west to east a person on its 
surface, unconscious of its movement and looking a t  the heavenly bodies, naturally 
thinks that they are moving from east to west. Thus, we say that the sun rises in 
the east and sets in the west. 

THE TERRESTRIAL GLOBE. 

With the sphere thus constructed with the meridians and parallels upon it, we 
get a miniature representation of the earth with its imaginary meridians and parallels. 
On this globe the accurately determined points may be plotted and the shore line 
drawn in, together with the other physical features that it is desirable to show. 
This procedure, however, would require that each individual globe should be plotted 
by hand, since no reproductions could be printed. To meet this difficulty, ordinary 
terrestrial globes are made in the following way: It is well known that a piece of 
paper can not be made to fit on a globe but a narrow strip can be made to fit fairly 
well by some stretching. If the strip is fastened upon the globe when it is wet, the 
paper will stretch enough to allow almost a perfect fit. Accordingly 12 gores are 
made as shown in figure 8, such that when fastened upon the globe they will reach 
from the parallel of 70' north to 70" south. A circular cap is then made to extend 
from each of these parallels to the poles. Upon these gores the projection lines and 
the outlines of the continents are printed. They can then be pasted upon the globe 
and with careful stretching they can be made to adapt themselves to the spherical 
surface. It is obvious that the central meridian of each gore is shorter than the 
bounding meridians, whereas upon the globe all of the meridians are of t,he same 
length. Hence in adapting the gores to the globe the central meridian of each gore 
must be slightly stretched in comparison with the side meridians. The figure 8 
shows on a very small scale the series of gores and the polar 'caps printed for covering 
a globe. They are as nearly as may be on a 
plane surface, a facsimile of the surface of the globe, and only require bending with a 
little st,retching in certain directions or contraction in others or both to  adapt them- 
selves precisely to the spherical surface. If the reader examines the parts of the 
continent of Asia as shown on the separate gores which are almost a facsimile of the 
Same portion of the globe, and tries to piece them together without bending them 
over the curved surface of the sphere, the problwl of map projection will probably 
prosent itself to him in a new light. 

It is seen that although the only way in which the surface of the earth can be 
represented correctly consists in making the map upon the surface of a globe, yet 
this is a difficult task, and, a t  the best, expedients have to be resorted to or the 
cost of construction will be prohibitive. It, should be remembered, however, that 
the only source of true ideas regarding the mapping of large sections of the surface 
of the earth must of necessity be obtained from its representation on a globe. Much 
good jvould result froin making the globe the basis of all elementary teaching in 
geography. The pupils should be warned that maps are very generally used because 
of t,heir convenience. Within proper limitations they serve every purpose for 

These gores do not constitute a map. 
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which they are intended. Errors are dependent upon the system of projection used 
and when map and globe do not agree, the former is at  fault. This would seem to 
be a criticism against maps in general and where large sections are involved and 
where unsuitable projections are used, it often is such. Despite defects which are 
inherent in the attempt to map a spherical surface upon a plane, maps of large 
areas, comprising continents, hemispheres or even the whole sphere, are employed 
because of their convenience both in construction and handling. 

- - _____~_____ _._ __ 
2 Perfect globes arc seldom a n  on account of tlie expense involved in tlieir mmufacture. 
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Makers of globes would confer a benefit on future generations if they would make 
cheap globes on which is shown, not as much as possible, but essential geographic 
features only, omitting, perhaps, the line of the ecliptic which only leads to confu- 
sion when found upon a terrestrial globe. If Ihe oceans were shown by a light blue 
tint and the continents by darker tints of another color, and if the principal great 
rivers and mountain chains were shown, it would be sufficient. The names of oceans 
and countries, and a few great cities, noted capes, etc., arc all that should appear. 
The globe then would serve as the index to the maps of continents, which again would 
serve as indeses to the maps of countries. 



REPRESENTATION OF THE SPHERE UPON A PLANE. 
THE PROBLEM OF MAP PROJECTION. 

It seems, then, that if we havc the meridians and parallels properly drawn on 
my system of map projection, the outline of a continent or island can be drawn in 
from information given by tho surveyors respecting the latitude and longitude of 
the principal capes, inlets, or other features, and the character of the coast between 
them. Copies of maps are commonly made in schools upon blank forms on which 
the meridians and parallels have been drawn, and these, like squared paper, give 
assistance to the free-hand copyist. Since the meridians and parallels can be drawn 
as closely together as we please, we can get as many points as we require laid down 
with strict accuracy. The meridians and parallels being drawn on the globe, if we 
havc a set of lines upon a plane sheet to represent them we can then transfer detail 
from the globe to the map. The problem of map projection, therefore, consists in 
finding some method of transferring thc meridians and parallels from the globe 
to the map. 

DEFINITION OF MAP PROJECTION. 

The lines representing the mcridians and parallcls can be drawn in an arbitrary 
manner, but to avoid confusion we must havc a one-to-one correspondence. In  
practice all sorts of liberties arc taken with the methods of drawing tho mcridians 
and parallcls in ordcr to sccure maps which best fulfill certain required conditions, 
provided always that the methods of drawing the meridians and parallels follow 
some law or systcm that will give the one-to-one correspondence. Hence a map 
projection may bc defined as a systematic drawing of lines representing meridians 
and parallels on a plane surface, either for the whole carth or for some portion of it. 

DISTORTION. 

In order to decide on the systcm of projcction to be employed, we must con- 
sider thc purpose for which the map is to bc uscd and the consequent conditions 
which it is most important for the map to fulfill. In geometry, size slid shape are 
the two fundamental considerations. If we want to show without exaggeration the 
extent of the different countries on a world map, we do not care much about tho 
shape of the country, so long as its area is properly representcd to scale. For sta- 
tistical purposes, therefore, a map on which all areas are correctly represented to 
scale is valuablc, and such a map is called an “equal-area projection.” It is well 
known that parallelograms on the same base and between the same parallels, that is of 
the same height, have equal area, though one may be rectangular or upright and 
the other very oblique. The sloping sides of the oblique parallelograms must be 
very much longer than the upright sides of the other, but t8he areas of the figures 
will bc the same though the shapes are so very different. The process by which 
the oblique parallelogram can be formed from the rectangular parallelogram is 
called by engineers “shcaring.” A pack of cards as usually placed together shows 
as profile a rectangular parallelogram. If a book be stood up against the ends of 
the cards as in figure 9 and then madc to slopc as in figure 10 each card will slide a 
little over thc one below and the profile of the pack will bc thc oblique parallelogram 
shovn in figure 10. The height of thc parallelogram will be the same, for it isthc 
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thickness of the pack. 
bottom card. 
of thc cards. 

The base will remain unchanged, for it is the long edge of the 
The area will be unchanged, for it is the sum of the areas of the edges 
The shape of the paralleogram is very different from its origiial shape. 

n 

FIQ. 9.-Pack of cards beforc“shearing.” 

The sloping sides, it is truc, are not straight lines, but are made up of 52 little steps, 
but if instead of cards several hundred very thin sheets of paper or metal had been 
used the steps would be invisiblo and the sloping cdgcs would appear to be straight 
lines. This sliding of laycr upon layer is a “simple shear.” I t  alters the shape without 
altering the area of thc figurc. 

FIQ. 10.-Pack of cards after “shearing.” 

FIG. ll.--fiquare “cheared ” into an equivalent parallelogram. 

This shearing action is worthy of a more carcful consideration in order that 
wc may understand one very important point in map projection. Suppose the 
square A B CD (see fig. 11)  to be sheared into tho oblique pardlelograin a b C’D. 
Its base and height reninlain the sainc and its area is unchanged, but the parallelogram 
a 6 C D may bc turned around so that C 2, is horizontal, and thcn C Z, is the base, 
and tlie line a N drawn from u, pcrpcndicular to  b G is the height. Then thc area 
is the product of b C and a N ,  and this is equal to  the area of the original square 
and is constant whatcver the angle of the parallclogram and the extent to  which 
the side B C has been stretched. The perpendicular a N ,  thercfore, varirs inversely 
as the length of the side 6 0, and this is true however much B C is stretched. 
Therefore in an equal-area projection, if distancrs in onc direction arc increased, 
those measured in the direction at right angles are reduced in the corresponding 
ratio if the lines that they represent are perpendicular to onc another upon the 
oartli. 

If lines are drawn at a point on an cqual-area projection ncarly at right angles 
to each other, it will in general be found that if tho scalc in the one direction is 
increased that in the other is dimhished. If onc of the lincs is turned about the 
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point, there must hc some direction between the original positions of the lines in 
which the scalc is cxact. Since the line can he turned in either of two directions, 
there must be two directions at  the point in which the scale is unvarying. ”his is 
true rct every point of such a map, and consequently curves could be drawn on 
such a projection that would represent directions in which there is no variation 
in scale (isoperimetric curves). 

In maps drawn on an equal-area projection, some tracts of country may be 
sheared so that their shape is changed past recobpition, but they preserve their area 
unchanged. In maps covering a very large area, particularly in maps of the whole 
world, this generally happens to  a very great extent in parts of the map which are 
distant from both the horizontal and the verticaI lines drawn through the ccinter 
of the map. (See fig. 12.) 

Fm. 12.-The Mollweide equal-area projection of the sphere. 

It will be noticed that in the shearing process that has been described every 
little portion of the rectangle is sheared just like the whole rectangle. It is stretched 
parallel to  B C (see fig. 11) and contracted at right angles to this direction. Hence 
when in an equal-area projection the shapo of a tract of country is changed, it 
follows that the shape of every square mile and indeed of cvery square inch of this 
country will be changed, and th& n a y  involve a considerable inconvenience in the 
use of the map. In  the case of the pack of cards the shearing was the same at all 
points. In the case of equal-area projections the extent of shearing os distortion 
varies with the position of the map and is zero at the center. It usually increases 
along the diagonal lines of the map. It may, however, be important for thc purpqe 
for which the map is required, that small areas should retain their shape even at 
the cost of the area being increased or diminished, so that different scales have to 
be used at different parts of the map. The projections on which this condition is 
secured are called “conformal” projections. If it were possible to secure equality 
of area and exactitude of shape at  all points of the map, the whole map would be 
an cxact counterpart of the corresponding area on the globe, and could be mada 
to fit the globe at all points by simple bending without any stretching or contraction, 
which would imply alteration of scalc. But a plane surface can not be made to  fit 
a sphere in this way. It must be stretched in some direction or contracted in others 
(as in tho process of “raising” a dome or cup by hamnicring sheet metal) to fit the 
sphere, and this means that the scale must bo altered in onc direction or in the 
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other or in both directions at once. It is therefore impossible for a map to preserve 
tho same scale in all directions at all points; in other words a map can not accurately 
represent both size and shape of the grographical fcaturcs at all points of the map. 

CONDITIONS FULFILLED BY A MAP PROJECTION. 

If, then, we endeavor to  securc that the shapc of a w r y  sniall area, a square 
inch or a square mile, is prescnred at  all points of the map, which nicans that if the 
scale of the distance north and south is increased the scalc of the distance east and 
wcst must he iiicreasrd in cxactly the same ratio, we must be contcnt to hare some 
parts of the map represented on a greater scale than 0thci.s. Thc conformal pro- 
jcction, thercforc, iiecessitatcs a cliange of scalc at  different parts of the map, though 
the scale is t2ie same in all dircctions a t  any one point. NOW, it is clear that if in a 
map of North Aincrica the northcrn part of Canada is d r a m  on a much larger scale 
than the southcrn States of the United States, although the shape of every little 
bay or headland, lake or township is prescrved, the shape of thc whole contincnt on 
the map must be very different from its shape on the globe. I n  choosing our system 
of map projrction, therefore, we must decide whether we want- 

( I )  ‘To kccp tlic arca dirrctly comparable all over the msp at the cspcnsc of 
correct shape (equal-arca projcction), or 

(2) To kccp the shapes of the snider  geographical featurcs, caps,  l)ays, lakes, 
etc., correct at the expense of a changing scale all over the map (conformal pro- 
jection) and with the knowledge that large tracts of country will not pr(wrve their 
shape, or 

(3) To make a compromise between these conditions so as to  minimhe the 
errors when both shape and area mc takcn into account. 

There is a fourth oonsidcration which may be of great importance and which 
is very important to the navigator, while it will he of much greatcr importance to 
the aviator when aerial voyages of thousands of miles are undertakcn, and that is 
that dircctions of places takcn from the center of the map, and as far as possible 
when taken from other points of the map, shdl lie correct. The horizontal direction 
of an objecl measured from tlic south is known :is its azimuth. Hence a ninp which 
preserves thesc directions correctly is callcd an We may, 
tlierefore, add a fourth object, viz: 

(4) To preserve the correct directions of all lines drawn from the center of the 
map (azimuthal projection). 

Projcctions of this kind arc sometimes called zenithd projections, because in 
maps of the celestial sphere the zenith point is projectcd into the central point of the 
map. This is a misnomer, however, when applied to  a map of the terrestrial sphere. 

We have now considered the conditions which we should like a mnp to fillfill, 
wid we have found that they w e  inconsistent with one another. For somc particular 
purpose we may construct a map which €ILEUS one condition and rejects mother, 
or vice versa; but w0 shall find that the maps most commonly uscd nrc tlic rcsult 
of compromise, so that no one condition is strictly fulfilled, nor, in most cases, is it 
extravagantly violated. 

CLASSIFICATION OF PROJECTIONS. 

azimuthal projection.” 

There is no way in which projections can bc divided into classes that are mutually 
exclusive; that is, such that any given projection belongs in one c h s ,  and o d y  in 
one. There are, however, certain class namcs that are made use of in practice 
principally as a matter of convenience, although a given projection may f d  in two 



26 U. S. COAST AND GEODETIC SURVEY. 

or more of the classes. We have already spoken of the equivalent or equal-area 
type and of the conformal, or, as it is sometimes called, the orthomorphic type. 

The equal-area projection preserves the ratio of areas constant; that is, any 
given part of the map bears the same relation to the area that it represents that the 
whole map bears to  the whole area represented. This can be brought clearly before 
the mind by the statement that any quadrangular-shaped section of tho map formed 
by meridians and pa rdeb  will be equal in area to any other quadrangular area of 
the same map that represents nn epuai! area on the earth. This means that all 
sections between two given parallels on any equal-area map formed by meridians 
that are equally spaced are equal in area upon the map just as they are equal in 
area on the earth. In another way, if two silver dollars are placed upon the map 
one in one place and the other in any other part of the map the two areas upon the 
earth that are represented by the portions of the map covered by the silver dollars 
will he equal. Either of these tests forms a valid criterion provided that the areas 
selected may be situated on any portion of the map. There are other projections 
besides the equal-area ones in which the same results would be obtained on particu- 
lar portions of the map. 

A conformal projection is one in which the shape of any small section of the 
surface mapped is preserved on the map. The term orthomorphic, which is some- 
times used in place of conformal, means right shape; but this term is somewhnt 
misleading, since, if the area mapped is large, the shape of any continent or large 
country will not be preserved. The true condition for a conformal map is that the 
scale be the same at any point in all directions; the scale wiU change from point to 
point, but it will be independent of the azimuth at all points. The scale will bo 
the same in all directions at a point if' two directions upon the earth at right angles 
to one another are mapped in two directions that are also at right angles and along 
which the scale is the same. If, then, we have a projection in which the meridians 
and parallels of the earth are represented by curves that are perpendicular each to 
each, we need only to determine that the scale along tho meridian is equal to that 
along the parallel. The meridians and parallels of the earth intersect at right 
angles, and a conformal projection preserves the angle of intersection of any two 
curves on the earth; therefore, the meridians of the map must intersect tho parallels 
of tho map at right angles. The one set of lines are then said to be the orthogond 
trajectories of the other set. If the meridians and parallels of any map do not 
intersect at right angles in all parts of the map, we may at once conclude that it is 
not a conformal map. 

Besides the equal-area and conformal projections we have already mentioned 
the azimuthal or, as they are sometimes called, the zenithal projections. In these 
the azimuth or direction of all points on the map as seen from some central point 
are the same as the corresponding azimuths or directions 011 the earth. This would 
be a very desirable feature o€ ti map if it could be true for all points of the map as 
well as €or the central point, but this could not he attained in any projection; hence 
the azimuthal feature is generally an incidental one unless the map is intended €or 
some special purpose in which the directions from some one point are very important. 

Besides these classes of projections there is another class called perspective 
projections or, as they are sometimes called, geometric projections. The principle 
of these projections consists in the direct projection of the points of the earth by 
straight lines drawn through them from some given point. The projection is gen- 
erdly made upon a plane tangent to the sphere at the end of the diameter joining 
the point of projection and the center of the earth. If the projecting point is the 
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center of the sphere, the point of tangency is chosen in the center of the area to bo 
mapped. The plane upon which thc map is made does not have to be tangent to 
the earth, but this position gives a simplification. Its position anywhere pardel to 
itself would only change the scale of the map and in any position not parallel to 
itself the same result would be obtained by changing the point of tangency with 
mere change of scale. Projections of this kind are generally simple, because they 
can in most cases be constructed by graphical methods without the aid of the 
analytical expressions that determine the elements of the projection. 

Instead of using a plane directly upon which to  lay out the projection, in many 
cwes use is made of one of the developable surfaces as an intermediate aid. The 
two surfaces used for this purpose are the right circular cone and the circular cylinder. 
The projection is made upon one or the other of these two surfaces, and then this 
surface is spread out or developed in the plane. As a matter of fact, the projection 
is not constructed upon the cylinder or cone, but the principles are derived from a 
considcration of these surfaces, and then the projection is drawn upon the plane 
just as it would be after development. The developablc surfaces, therefore, serve 
only as guides to us in grasping the principles of the projection. After the elements 
of the projections are determined, either geometrically or analytically, no further 
attention is paid to thc cone or cylinder. A projcction is called conical or cylindrical, 
according to which of the two devclopablc surfaces is used in the determination of 
its clcmcnts. Both liinds are gcnerally included in tho one class of conical projcc- 
tions, for the cylinder is just a special case of the cone. In fact, even the azimuthal 
projections might have been included in the general class. If we have a cone tangent 
to the earth and then imagine the apex to recede more and more while the cone 
still rcmains tangent to  the sphere, we shall have at the limit the tangent cylinder. 
On tho other hand, if the apex approaches nearer and nearer to the earth the circle 
of tangency will get smaller and smaller, and in the end it will become a point and 
will coincide with the apex, and the cone will be flattened out into a tangent plane. 

Besides these general classes there are a number of projections that arc called 
conventional projections, since t h y  are projections that are mercly arrangcd arbi- 
trarily. Of course, cvcn these conform cnough to lam to permit their csprcssiori 
analytically, or sometimes more easily by geometric principles. 

THE IDEAL MAP. 

Therc arc various properties that it would be dcsirahle to  have prcscnt in a 
a map that is to  be constructed. ( I )  I t  should represent the countrics with their 
true shapc; (2)  the countries rcprcsciited should retain their rclativc size in thc map; 
(3) the distancc of every place from cvcry other should bcar a constant ratio to  the 
true distances upon the earth; (4) great circlcs upon the sphere-that is, the shortest 
distances joining various points-should bo represented by straight lines which are 
the shortest distances joining the points on the map; (5) the geographic latitudes 
and longitudes of the places should bc easily found from thcir positions on the map, 
and, convcrsely, positions should be casily plotted on the map when we have their 
latitudes and longitudes. These properties could very easily be secured if the earth 
wcrc a plane or one of the developable surfaces. Unfortunately for the cartographer, 
it is not such a surface, but is a spherical surface which can not be developed in a 
plane without distortion of some kind. It bccomcs, then, a matter of selection 
from among thc various dcsirable properties enumerated above, and cvon some of 
those can not in gcncral be attained. I t  is nccessary, then, to decide what purpose 
tho map to be constructed is to  fulfill, and then we can selcct the projection that 
comes ncarcst to givinz us what we want. 
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PROJECTIONS CONSIDERED WITHOUT MATHEMATICS. 

If it is a question of making a map of a small section of the earth, it will so 
neasly conform to  a plane surface that a projection can be madc that will represent 
the truc state to such a degree that any distortion prcsent will bc negligible. It is 
thus possible to  consider the earth madc up of a grcat number of plane sections of 
this kind, such that each of them could bo mapped in this way. I f  the parallels 
and meridians are drawn each at 1 5 O  intervals and then planes are passed through 
the points of intersection, we should have a regular figure made up of plane quad- 
rangular figures as in figure 13. Each of these sections could be made into a self- 
consistent map, but if we attempt to fit thorn together in onc planc map, wc shall 
find that they will not join togethcr properly, but the effect shown in figure 1.7 will 

FIG. 13.--Earth considered as formctl by ] h i e  t~uatlrangles. 

be observed. A section Iso squarc would be too large to  be mapped without error, 
but the same principlc could be applied to  each square degrcc or to  even smallcr 
sections. This projection is called the polyhedral projection and it is in substance 
very similar to  the method used by the TJnitcd States Geological Survey in thcir 
topographic maps of the various States. 

Instead of considering the earth as made up of small regular quadranglcs, we 
might consider it made by narrow strips cut off irom the bases of cones as in figure 
14. The wliolc cast-and-west extent of these strips could be mapped equally accu- 
rately as shown in figure 15. Each strip would be all right in itself, but they would 
not fit together, us  is shown in iigurc 15. If we consider the strips to  bccomo vcry 
narrow while at  the same time they increase in number, we get what is called thc 
polyconic projections. These same difficulties or others of like nature are met with 
in every projection in which we attempt to  hold the scale exact in some part. At 
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best we can only adjust the errors in the roprcsentation, but they can never all 
be avoided. 

Viewed from a strictly mathematical standpoint, no representation based 011 a 
system of map projcction can be pcrfect. A map is a compromise between the 
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FIG. 14.-Earth considered as formed by bases of cones. 

various conditions not a l l  of which can bo satisfied, and is the best solution of the 
problem that is possible without encountering other daculties that surpass those 
due to a varying scale and distortion of other kinds. It is possible only on a globe 
to reprcscnt the countries with their true relations and our general ideas should be 
continually corrected by reference to this sourco of knowledge. 

FIG. 15.-Development of the conical bases. 

In order to point out the distortion that may be found in projeotions, it will 
be well to show some of those systems that admit of easy construction. The per- 
spective or geometrical projections can always be constructed graphically, but it is 
sometimes easier to make use of a computed table, even in projections of this class. 



ELEMENTARY DISCUSSION OF VARIOUS FORMS OF PROJECTION. 
CnINDRICAL EQUAGAREA PROJECTION. 

This projection is one that is of very little use for the construction of a map of 
the world, although near the Equator it gives a fairly good representation. w e  
shall use it mainly for the purposc of illustrating the modifications that can be 
introduced into cylindrical projections to gain certain desirable featurcs. 

In this projection a cylinder tangent to  the sphere along the Equator is em- 
ployed. The meridians and parallels are straight lines forming two parallel systems 
mutually perpendicular. The lines representing the meridians are equally spaced. 
These features arc in general characteristic of all cylindrical projections in which 
the cylinder is supposed to be tangcnt to the sphere along the Equator. The only 
feature as yet undetermined is the spacing of the parallels. If planes are passed 
through the various pardlels they will intersect the cylinder in circles that become 
straight lines when the cylinder is dcvelopcd or rolled out in the plane. With this 
condition it is evident that the construction given in figure 16 will give the net- 
work of meridians and parallels for 10' intervals. The length of the map is cvi- 
dently .rr (about 33) times the diameter of the circle that represents a great circle 
of the sphere. The semicircle is divided by means of a protractor into 18 equal 
arcs, and these points of division are projected by lines parallel to the line repre- 
senting the Equator or perpendicular to the bounding diameter of the semicircle. 
This gives an equivalent or equal-area map, because, as we rccede from the Equator, 
the distances representing diffcrcnccs of latitudc are decreascd just as great a per 
cent as the distances representing differcnccs of longitude are increased. The result 
in a world map is the appearance of contraction toward the Equator, or, in another 
sense, as an east-and-west stretching of the polar regions. 

CYLINDRICAL EQUAL-SPACED PROJECTION. 

If the equal-area property be disregarded, a better cylindrical projection can be 
secured by spacing the meridians and parallels equally. In this way we get rid of 
the very violent distortions in the polar rcgions, but even yet the result is very 
unsatisfactory. Great distortions are still present in the polar regions, but they 
are much less than before, as  can be seen in figure 17. As a further attempt, we can 
throw part of the distortion into the equatorial regions by spacing the parallels 
equally and the meridians equally, but by making the spacings of the parallels greater 
than that of the meridiaos. In figure 1s is shown the whole world with the meridians 
and parallel spacings in the ratio of two to three. The rcsult for a world map is 
still highly unsatisfactory even though it is slightly bett.er than that obtained by 
either of the formcr methods. 

PROJECTION FROM THE CENTER UPON A TANGENT CYLINDER. 

As a fourth attempt we might project the points by lincs drawn from the centcr 
of the sphere upon a cylinder tangent to the Equator. This would have a tendency 
to stretch the polar regions north and south as well as east and west. The result of 
this method is shown in figure 19, in which the polar regions are shown up to 70' of 
latitude. The poles could not be shown, since as the projecting line approaches them 
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I h .  16.--Cylindrical equal-area projection. 

FIG. 17.-Cylindrical equal-spaced projection. 
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indefinitely, the required iiitersectiori with the cyliIidcr recedes indefmitely, or, in  
mathematical language, the pole is represented by a line a t  an infinite distance. 

\a 40 
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MERCATOR PROJECTION. 

Instead of stretching the polar regions north and south to such an extent, it is 
customary to limit tlie stretching in latitude to an equality with the stretching in 
longitude. In this way we get a conformal projection in which any 
small urea is shown with practically its true sbape, but in which largo areas will be 
distorted by tlie cliunge in scale from point to point. In this projection the pole 
is represented by a line at infinity, so that the map is seldom extended much 
beyond 80" of latitude. This projection can not be obtained directly by graphical 
construction, but the spacings of the parallels have to be tukcn from a computed 
table. This is the most important of the cyIindrica1 projections and is widely used 
for the construction of sailing charts. Its common use for world maps is very 
misleading, since the polar regions are rcprescntcd upon ti vcry cnlargcd scale. 

(See fig. 20.) 



FIG. 19.-Perspective projection upon a tangent cylinder. (This projection should not be interpreted as a Mercator projection 
a sketch of which is given in fig. 20. See also footnote 29a, p. 105.) 
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FIG. 20.-Mercator projection. (See also p. 105.) 

Since a degree is one three-hundred-and-sixtieth part of a circle, the degrees of 
latitude are everywhere equal on a sphere, as the meridians are all equal circles. 
The degrees of longitude, however", vary in the same proportion as the size of the 
parallels vary a t  the different latitudes. The parallel of 60" latitude is just one-half 
of the length of the Equator. A square-degree quadrangle'at 60' of latitude has 
the same length north and south as has such a quadrangle at  the Equator, but the 
extent east and west is just onshalf as great. Its area, then, is approximately, one- 
half the area of the one a t  the Equator. Now, on the Mercator projection the 
longitude at  60' is stretched to double its length, and hence the scale along the 
meridian has to  be increased an equal amount. The area is therefore increased 
fourfold. At 80' of latitude the area is increased to 36 times its real size, and a t  
89' an area would be more than 3000 times as large as an equal-sized area at the 
Equator. 

This excessive exaggeration of area is a most serious matter if the map be used 
for general purposes, and this fact ought to_ be emphasized because it is undoubtedly 
true that in the majority of cases peoples' general ideas of geography are based 
on Mercator maps. On the map Greenland shows larger than South America, but 
in reality South America is nine times as large as Greenland. As will be shown 
later, this projection has many good qualities for special purposes, and for some 
general purposes i t  may be used for areas not very distant from the Equator. No 
suggestion is therefore made that it should be abolished, or even reduced from its 
position among the first-class projections, but it is most strongly urged that no one 
should use it without recognizing its defects, and thereby guarding against being 
misled by false appearances. This projection is often used because on it the whole 
inhabited world can be shown on one sheet, and, furthermora, it  can be prolonged 
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jn either an east or west direction; in other words, it can be repeated so as to show 
part of the map twice. By this means the relative positions of two places that would 
be on opposite sides of the projection when confined to 360" can be indicated more 
dcfinitcly. 

GEOMETRICAL AZIMUTHAL PROJECTIONS. 

Many of the projections of this class can be constructed graphically with very little 
fmuble. This is especially true of tllose that ]lave the pole at the center. The merid- 
jam are then represented by straight lines radiating from tho pole and the parallels 
We in turn represented by concentric circles with the pole as center. The angles 
bctwccn the meridians are equal to the corresponding longitudes, SO that they arc 
represented by radii that aro cqually spaced. 

STEREOGRAPHIC POLAR PROJECTION. 

This is a perspective coilformal projcction with the point of projection at the 
The plane up011 which South Pole when the northern regions are to be projected. 

FIG. 21.-I)eterminaiion of radii for stereographic polar projection. 

the projection is mado is generally taken as thc equatorial plane. A plane tangent at 
the North Pole could be used equally wcll, the only difference being in the scalo of 
the projection. In  figure 21 lot N E 8 W bo the plane of a meridian with N represent- 
big the North Pole. Then N P  will be the trace of the plane tangent a t  the North Pole. 
Divide the arc N E into equal parts, each in the figure being for 10" of latitude. Then 
all points a t  a distance of 10" from the North Pole will lie on a circle with radius % p ,  
those at  20' on a circle with radius With these radii we can construct the 
map as in figure 22. 011  the map in this figure the lines are drawn for each 10' both 
in latitude and longitude; but it is clear that a larger map could be constructed on 
which lines could bo drawn for every degree. We have seen that a practically correct 
map can be made for a region measuring 1" each way, because curvature in such a 
size is too slight to be taken into account. Suppose, then, that correct maps were 
made separately of all tho little qu&angular portions. It would be found that by 
Simply reducing each of them to t]le requisite scale it could be fitted almost exactlg 
kt0 the space to which it belonged. We say almost exactly, because the edge 

q,  etc. 
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nearest the center of the map would have to be a little smaller in scale, aud hence 
would have to be compressed a little if the outer edges were reduced the exact amount, 
but the compression would bo so slight that it would require very careful measurement 
to detect it. 

Fin.  22.-Rtereopphic polar projection. 

It would seem, then, at first sight that tliis projection is ail ideal O I ~ C ,  and, as a 
matter of fact, it is considered by most authorities as the best projectioll of n hami- 
sphere for geiieral purposes, but, of course, it  has a serious defect. It has been stated 
that each plan has to be compressed a t  its inner edge, and for the same reason each 
plan in succession has to be reduced to a smaller average scale than the one outside of 
it. In  other words, the shape of each space into which a plan has to be fitted is prac- 
tically correct, but the size is less in proportion at  the center than at  the edges; so that 
if a correct plan of an area at  the edge of the map has to be reduced, let us say to n 
scale of 500 miles to an inch to fit its allotted space, then a plan of an area at the center 
has to be reduced to a scale of more than 500 miles to an inch. Thus a moderate arm 
has its true shape, and even an area as large as one of the States is not distorted to 
such an extent as to be visible to the ordinary observer, but to ohtaiii this advanttigc 
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relative size ]ins to be sacrificctl; tlint is, tho property of cquivJcnw of arm has l o  be 
entirely disregarded. 

CENTRAL OR GNOMONIC PROJECTION. 

In this projection the celitcr of the sphere is the point from which the projecting 
lines are drawn and the map is made upoil a tangent planc. When the plane is tangent 
at the polo, tho parallels are circles with the pole as commo~i cotitor and tho moridiaris 

FIG. 2:3.-Determination of radii for griomonic polar pn'jection. 

are @g~ally spncetl radii of tlicsc circles. In figurc 23 it cml he sccn that the length of 
the lwious radii of the parallels are found by drawing lines from tlic center of a circle 
representjng a meridian of the sphere and by prolonglllg them to intersect a tangent 
l b .  I n  the figure lot P be the pole a i d  let PQ, QR, etc., be arcs of loo, then Pq, 
P p 7  CtC., will be tllc radii of the correspondillg parallels. It is at once evident that S, 

complete liemisphere can not be represented upon n plmle, for the radius of 90" from 
the center ~vould become infinite. T1io North Pole rcgions extcnding to lntitudc 30' 
is sho\mvll in figure 24. 

The important property of this projectiori is the fact that all great circles are 
rqxcsented by straight lines. This is ovident from tho fact that tho  projocting lines 
would all lic ill t]le plane of the circle and the circle would be represented by tlie 
bterscctiori of this plane wit]l the mapping plane. Since the shortest distance be- 
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fi~. 24.-Gnomonic polar projection. 

tween two given points on the sphere is a11 arc of a groat circle, the shortest distmice 
bctween the points on the sphere is represented 011 the map by tho straight line joining 
the projcction of the two points whicli, in turn, is the shortest distance joining the 
projcctions ; in other words, shortest distances upon the sphere are represented by 
shortest distaiiccs up011 the map. The change of scale in tlic projection is SO rapid 
that very violent distortions are present if the map is extended any distance. A map 
of this kind finds its principal us0 in connection with the Mercator charts, as be 
shown in the second part of this pubiication. 

LAMBERT AZIMUTHAL EQUAL-AREA PROJECTION. 

This projectioii does not bolong in the pcrspoctivc class, but wlmn the pole is the 
center it can be easily constructed graphically. Tlic radius for tlic circle roprcsenting 
a parallel is taken as the chord distance of thc prallel from the pole. In figure 25 
the chords are drawn for every l o o  of arc, and figure 26 shows the map of the Northern 
Hemisphorc constructcd with these radii. 

ORTHOGRAPHIC POLAR PROJECTION. 

When the pole is thc center, ail orthographic projectioii may be constructed 
graphically by projecting the parallels by parallel lilies. It is a perspectiva projcction 
in which the point of projection has receded indefinitely, or, speaking mathematically, 
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FIG. 25.-Determination of radii for 1,ambert equal-area polar projection. 

90 

Ra. 26.-Lambert equal-area polar projection. 
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PIC. 27.-Determination of radii for nrthographic polar projection. 

tlic point of projection is at  infinity. Each parallel is really constructed with a radius 
proportional to its radius on the spherc. It is clear, then, that the scale along the 
parallels is unvarying, or, as it is called, the parallels arc held true to scale. * The 

90 

FIG. 28.-Orthographic polar projection. 

method of construction is indicated clearly in figure 27,t~iid figurct 25 shows the North- 
ern Hcmisphcre on this projection. Maps of the surface of the moon are usually 
constructed 011 this projection, since we really see the moon projected upon the 
celestial spherc practically as tlic map appcars. 

AZIMUTHAL EQUIDISTANT PROJECTION. 

In  tho orthographic polar projection tho scale along the parallels is held constant, 
We can also have a projection in which the scale along thb meridians 

If tho parallels are roprescnted by concontric circles equally 
Tho projection is very easily constructod, 

tw wo have seen. 
is held unvarying. 
spacod, we shall obtnin such a projection. 
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90 

Frn. 29.-Azimuthal equidistant polar projection. 

sin(:(? we only to draw the system of ConcenLric, equally spacod circles with the 
mcridims rcproscnted, as in :dl polnr azimuthal projections, by the cqudly spamd 
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sentation, since it stands as a compromise between the projections that cause dis- 
tortions of opposite kind in the outer regions of the maps. 

OTHER PROJECTIONS IN FREQUENT USE. 

In figure 30 tho Western Hemisphere is shoum on the stcroographic projection. 
A projection of this nature is called a meridional projection or a projection on the 

FIG. 31.-Gnomouic projection of part of the Western IIemkphero. 

plane of a meridian, because tho bounding circle represents a meridian and the 
North and South Yoles are shown at  the top and the bottom of the map, respectively. 

Fro. 22.-TJambert equal-area projection of the Western Hemisphere. 
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The central meridian is a straight line and the Equator is represented by another 
straight line perpendicular to the central meridian; that is, the central meridian 
and the Equator are two perpendicular diameters of the circle that represents the 
outer meridian and that forms the boundary of the map. 

FIG. 33.-Orthogaphic projection of the Western Hemisphere. 

In figure 31 a part of the Western I-Iemisphere is represented on a gnomonic 
projection with a point on the Equator as the center. 

FIG. 34.-Globulsr projection of the Western IIemisphere. 

A meritlian equal-area projection of the Western Hemisphere is shown in 

hn orthogr.aplli(; projection of the same hemisphere is given in figure 33. In t l h  
figure 32. 

the parallels become straight lines arid the meridians are arcs of olliPsos. 
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A projection that is often uscd in the mapping of a hemisphere is shown in 
figure 34. The outer meridian and the central 
meridian are divided each into equal parts by the parallels which are arcs of circles. 
The Equator is also divided into cqual parts by the meridians, which in turn are 
arcs of circles. Since all of the meridians pass through each of the poles, these 
conditions are sufficient to determine the projection. By comparing i t  with the 
stereographic it will be seen that tho various parts are not violently sheared out of 
shape, and a comparison with the equal-area will show that tho areas are not badly 
represented. Certainly such a representation is much less misleading than the 
Mercator which is too often employed in the school geographies for the uso of young 
people. 

CONSTRUCTION OF A STEREOGRAPHIC MERIDIONAL PROJECTION. 

It is called the globular projection. 

Two of the projections mentioned under the preceding heading-the stereo- 
graphic and the gnomonic-Icnd themselves readily to graphic construction. In  
figure 3 5  let  the circle PQP' represent the outer meridian in the stereographic 

R 

FIG. .75.--l>etermination of the elements of a Rtereographic projeclion on the plane of a nicridian, 

projection. At 
Q construct tho tangent RQ; with 13 as a center, and with a radius RQ construct 
the arc QSQ'. Lay oil' 0 I C  equal 
to RQ; with I< as a center, and with a radius ICP construct the arc PSP'; then this 
arc represents the meridian of longitude 60' reckoned from the central meridian 
POP'. In the same way all the meridians and parallels can be constructed so that 
the construction is very simple. Hemispliores constructed on this projection are 
very frequently used in atlases and geographies. 

Take the arc PQ, equal to 30"; that is, Q will lic in latitude 60". 

This arc represents the parallel of latitude 60". 
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CONSTRUCTION OF A GNOMONIC PROJECTION WITH POINT OF TANGENCY ON THE 
EQUATOR. 

Draw the radii 
OA, OB, etc., for every loo of arc. When these are prolonged to intersect the tan- 
gent at  P, we get the points on the equator of the map where the meridians inter- 

ELEMENTARY DISCUSSION OF VARIOUS FORMS O F  PROJECTION. 

In  figure 36 let PQP'Q' represent a great circle of the sphere. 

-- 

/ / 

RQ. 36.-&mtruction of a gnomonic projection with plane tangent at, the Eqllatol: 

sect it. Since the meridians of the sphere are represented by parallel straight lines 
Perpendicular to the straighkline equator, we can draw the meridians when we 
know their points of intersection with the equator. 

The central meridian is spaced in latitude just as the meridians are spaced on the 
equator. In this way we determine the points of intersection of the parallels with 
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the central meridian. The projection is symmetrical with respect to the central 
meridian and also with respect to the equator. To determine the points of inter- 
section of the parallels with any meridian, we proceed as indicated in figure 36, 
where the determination is made for the meridian 30' out from the central meridian. 
Draw CIi perpendicular to OC; then CD', which equals CD, determines D', the 
intersection of the parallel of 10' north with the meridian of 30' in longitude east 
of the central meridian. These same TalUeS 
can be transferred to the meridian of 30° in longitude west of the central meridian. 
Since the projection is symmetrical to the equator, the spacings downward on any 
meridian are the same as those upward on the same meridian. After the points of 
intersection of the parallels with the various meridians are determined, we can draw 
a smooth curve through those that lie on any given parallel, and this curve will 
represent the parallel in question. I n  this way the complete projection can be 
constructed. The distortions in this projection are very great, and the representa- 
tion must always be less than a hemisphere, because the projection extends to in- 
finity in all directions. As has already been stated, the projection is used in con- 
nection with Mercator sailing charts to aid in plotting great-circle courses. 

I n  like manner CE' = CE, and so on. 

CONICAL PROJECTIONS. 
I n  the conical projections, when the cone is spread ou t  in the plane, the 360 d e p w s  

of longitude are mapped upon a sector of a circle. The magnitude of the angle at the 
center of this sector has to be determined by computation from the oondition imposed 

FIG. 37.-('one tangent to the sphere at latitilde 30'. 

upon the projection. Most of the conical projections are determined analytically ; 
that is, the elements of thc projection are expressed by mathematical formulas 
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instead of being determined projectively. There are two classes of coiiical projec- 
tions-one called a projection upon a tangent cone and another called a projection 
upon a secant cone. In  the first the scale is held true along one parallel and in.the 
second the scale is maintained true along two parallels. 

CENTRAL PROJECTION UPON A CONE TANGENT AT IXXNJDE 30'. 

As an illustration of conical projections we shall indicate the construction of 
one which is determined by projection from the center upoli a cone tangent a t  Inti- 
tude 30'. In this case the full circuit of 360' of longitude will he (See fig. 37.) 

FIQ. 38.-Determination of radii for conical central perspective projection. 

mapped upon a semicircle. I n  figure 38 let  P Q P' Q' rcpresciit n mcridian circlc; 
draw CB taiigellt to tile circlc a t  latitude 30°, then 6% is the radius for the parnllcl 
Of30° of latitudc 011 the projection. CIZ, CS, CT, ctc., are the radii for the parallels 
Of 80°, 70°, GO", etc., respectively. The map of the Northern Hemisphere on this 
Projection is shown in figure 39; this is, on the whole, not a very satisfactory pro- 
jection, but it serves to illustrate some of the principles of conical projection. We 
might determine the radii for the parallels by extending the planes of the same until 

intersect the colle. This would vary the spacings of the parallels, but would 
not change the sector on which the projection is formed. 

A cone could be made to intersect the sphere and to pass through ally two 
clloscn parallels. Upon this we could project thc sphere cither from the center or from 
any other point that We might choose. The general appearance of the projection 
would be similar to that of any conical projection, but some computation would 
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be required for its construction. As has been stated, almost all conical projectioris 
in use have their elements determined analytically in the form of mathematical 
formulas. Of these the one with two standard parallels is not, in general, an 
intersecting cone, strictly speaking. !I!wo separate parallels are held true to scale, 
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but it they were held equal in length to their length on tho sphere the cone could 
not, in gcneral, be made to intersect the sphere so as to have the two parallels coin- 
cide with the circles that represent them. This could only be done in case the 
distance between the two ciroles on the cone was equal to the chard distance between 
the parallels on the sphere. This would be true in a perspective projection, but it 
would ordinarily not be true in any projection determined analytically. Probably 
the two most important conical projections are the Lambert conformal conical pro- 
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jection with two standard parallels and the Albers equal-area conical projection. 
The latter projection has also two standard parallels. 

BONNE PROJECTION. 

There is a modiGed conical equal-area projection that has been much uscd in 
map making called the Bonne projection. In  general a cone tangent along the parallel 
in the central portion of the latitude to  be mapped gives the radius for the arc rep- 
resenting this parallel. A system of concentric circles is then drawn to represent 
the other parallels with the spacings along the central meridian 011 the same scale 
as that of the standard parallel. Along the arcs of these circles the longitude dis- 
tances are laid off on the same scale in both directions from the central meridian, 

FIG. 40.--Bonne projection of the United States. 

which is a straight line. All OI the meridians except the central one are curved 
lines concave toward the straight-line central meridian. This projection has been 
much used in atlases partly because it is equal-area and partly because it is compara-. 
tively easy to  construct. ,4 map of the TJnited States is shown in figure 40 on this 
projection. 

POLYCOPTIC PROJECTION. 

In the polyconic projection the central meridian is represented by a straight line 
and the parallels are represented by arcs of circles that are not concentric, but the ccn- 
ters of which all lie in the extension of the central meridian. The distances between 
the parallels along the central meridian are made proportional to  the true distances 
between the parallels on the earth. The radius for each parallel is determined by an 
element of the cone tangent along the given parallel. When the parallels are cm- 
structed in this way, the arcs along the circles representing the parallels are laid off 
Proportional to the tiwe lengths along the respective pardlels. Smooth curves 
drawn through the points so determined give the respective meridians. I n  figure 
15 it may be Seen ir, what manner the exaggeration of scale is introduced by this 
method of projection. A map of Xorth America on this projection is shown in 

84157"-34-4 
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figure 41. The great advantage of this projection consists in the fact that a general 
tablc can be computcd for use in any part of the earth. In  most other projections 
there are certain elements that have to be determined for the region to be mapped. 

FIG. 41.-l'olyconic projection of North America 

When this is the cnsc a separatc table has to  be computed for each rcgion that is 
under consideration. With this projection, regions of narrow extent of longitudc 
can hc mapped with an accuracy such that no departure from true scalc can bc de- 
tected. A quadrangle of l ' on each side can be rcpresentcd in such a manner, and 
in cases where the greatcst accuracy is either not required or in which the error in 
scalc may be taken into account, regions of much grmter cxtent can be successfully 
mapped. The general tablc is very convenient for making topographic maps of 
limited cxtent in which i t  is desired to  represent the region in detail. Of course, 
maps of neighboring regions on such a projection could not he fitted together cxactly 
to form an extended map. This same restriction would apply to any projection on 
which thc various regions were represented on an unvarying scale with minimum 
distortions. 
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ILLUSTRATIONS OF RELATIVE DISTORTIONS. 

A striking illustration of the distortion and exaggerations inherent in various 
systems of projection is given in figures 42-45. I n  figure 42 we havc shown a man’s 
head drawn with ~ o m e  degree of care on a globular projection of a hemisphere. The 
other three figures have the outline of the head plotted, maintaining the latitude and 
longitude the same as they are found in the globular projection. The distortions 
and exaggerations are due solely to those that are found in the projection in question. 

h. 42.--Man’e llcad drawn on globular pro- lJi(;. 43.-Man’s head plotted on orthographic pro- 
j ect ion. jection. 

1 1 

’lC1. 44.-Man’e head plotted on Rtereographic RQ. 45.-hIan’s head plotted on Mercator projec- 
projection. tion. 

This does noh inctLii that the globular projection is tho best of tlic four, hccnuse the 
Wnmetrical figure might be drawn on any one of them and then plotted on thc 
others. By this method we see sho\vn in a striking way thc rolutivc difl’ercnces in 
distortion of the various systems. The principle could be extended to any number 
of Projections that might be desired, but the four figures givcn serve to illustrate the 
method. 
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PART 11. 

INTRODUCTION. 

It is the purpose in Part I1 of this review to give a comprehensive description of 
the naturc, properties, and construction of the better systems of map projection in 
use at  tho present day. Many projections have been devised for map construction 
which are nothing more than geometric trifles, while others have attained prominence 
at the expense of better and ofttimes simpler types. 

It is largely sincc the outbreak of the World War that an increased demand for 
better maps has created considerable activity in mathematical cartography, and, as 
a consequence, a marked progress in the general theory of map projcctions has been 
in evidencc. 

Through military necessities and cducational requirements, the scicncc and art 
of cartography have demanded better draftsmanship and greater accuracy, to  the 
extent that many of the older studies in geography are not now considered as worthy 
of inclusion in the present-day class. 

The whole field of cartography, with its component parts of history and surveys, 
map projection, compilation, nomenclature and reproduction is so important to the 
advancement of scicntific geography that the higher standard of to-day is due to a 
general dcvelopmcnt in cvery branch of the subject. 

The selection of suitable projcctions is receiving far more attention than was 
formerly accorded to  it. The exigencies of the problem at hand can generally bc 
met by special study, and, as a rule, that system of projection can be adopted which 
will give the best results for the area under consideration, whether thc desirable con- 
ditions bc a matter of correct angles between meridians and parallels, scaling prop- 
erties, equivalence of areas, rhumb lines, etc. 

The favorable showing required to meet any particular mapping problem may 
oftontimes be retained at  the expense of other less desirablc propcrties, or a compro- 
mise may be effected. A method of projection which will answer for a country of 
smdl extent in latitude will not at  all answer for another country of groat lcngth in 
a north-and-south direction; a projection which serves for th3 representation of the 
Polar regioiis may not be at all applicable to countries near the Equator; a projection 
which is thc most convenient for the purposes of the navigator is of little value to  the 
Bureau of the Census; and so throughout the entire range of tlic subjcct, particular 
conditions have constantly to  be satisfied and special rather than general problems 
to be solved, Thc use of a projcction for a purpose to which it is not best suited is, 
therefore, generally unnecessary and can be avoided. 

PROJECTIONS DESCRIBED IN PART II. 

In the dcscription of the different projcctions and their properties in the follow- 
illg pages the mathemetical theory and development of formulas are not generally 
included wlierc ready reference can be given to other manuals contailling thcsc 
features. In several instances, however, the mathematical development is given in 
somewhat closer dctail than heretofore. 

111 the selection of projections to bo presented in this discussion, the authors have, 
with two exceptions, confined themselves to  two classes, viz, conformal projections and 
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epuivabnt or equal-area projections. The exceptions are the polyconic and griomonic 
projections-the former covering a field entirely its own in its general employment 
for field sheets in any part of the world and in maps of narrow longitudinal extent, 
the latter in its application and use to navigation. 

It is within comparatively recent years that the demand for equal-area projec- 
tions has been rather persistent, and tliere are frequent exampIes where the mathe.. 
matical property of conformality is not of sufficient practical advantage to outweigh 
the useful property of equal urea. 

The critical needs of conformal mapping, however, were demonstrated at the 
commencement of tho war, when the French adopted the Lambert conformal conic 
projection as a basis for their new battle maps, in place of the Bonne projection €lere- 
toforc in use. By thc new system, a combination of minimum of angular and scale 
distortion was obtained, and a precision which is unique in answering every require- 
ment for knowledge of orientation, distances, and quadrillage (system of kilometric 
squares). 

CoivFoRMnr, MAPPING is not new since it is a property of the stereographic and 
Mercator projections. It is, however, somewhat surprising that the compreherisive 
study and practical application of the subject as developed by Lambert in 1772 and, 
from a slightly different point of view, by Lagrange in 1779, remained more or less 
in obscurity for many ycars. It is a problem in an important division of cartography 
which has been solvcd in a manner so perfect that i t  is impossible to add a word. 
This rigid analysis is due to Gauss, by whose name the Lambert conformal conic 
projection is sometimes known. I n  the representation of any surface upon any 
other by similarity of infinitely small areas, the credit for the advancement of the 
subject is due to him. 

EQUAL-AREA MAPrING.-The problem of an equal-area or equivalent projection 
of a spheroid has been simplified by the introduction of an intermediate equal-area 
projection upoii a sphcrc of equal surface, the link between the two being the authalic3 
latitude. A table of nuthalic latitudes for every half degree has recently been corn- 
puted (see u. s. Coast and Geodetic Survey, Special Publication No. 67), and this can 
be used in the computations of any equal-area projection. The coordinates for the 
&bels rqunl-area projection of the United States were computed by iise of this table. 

THE CHOICE OF PROJECTION. 

illthough thc uses ant1 limitations of the different systems of projcctions are 
gi\.eii under their subject headings, a few additional observations may be of interest. 
(See frontispiccc. 1 

COMPARISON OF I~:lIRORS Oh' SCALE AND EItUOIIS OF AREA IN A MAP OF THE UNITED 
STATES ON FOUR 1)lFFERENT PROJECTIONS. 

XAXIIIIIJM SCALE 13RROIL. 
Per cent. 

Polyconic projection.. .......................................................................... 7 
Lambert conformal conic projection with standard parallels of latitude at  3 3 O  and Go.. 24 

Lambert zenithal equal-area projection.. 18 
Albercr projection with.&ndard parullels a t  29' 30' and 45' 30/. . I t  

............ 
(&twoen latitudes 301' and 473', only one-half per cent. Strictly speaking, in  the Lanibert 

conformal conic projection these percentages are not scale error but change of scale.) 
....................................................... 

................................ 

2 The term aullralrc wnb first ornployed by Tissot, IU 1881, slgmtying epzlal area. 
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MAXIMUM E R R O R  OF AREA. Per cent. 
Polyconic ...................................................................................... 7 
Lambert conformal conic. ...................................................................... 5 
Lambert zenithal.. ............................................................................. 0 
Alhrs.. ....................................................................................... 0 

Polyconic. .................................................................................. 1' 56' 
Lambert conformal conic.. .................................................................. Oo 00' 
L a h e r t  Tcnithal.. ........................................................................ 1' 04' 
Albers.. .................................................................................... 0' 43' 

An improper use of the polyconic projection for a map of the North Pacific 
Ocean during the pcriod of the Spanish-ilnicrican War resulted in distances being 
distorted along the Asiatic coast to doulde their true amount, and brought forth the 
query whether the distance from Shanghai to Singapore by straight line was longer 
than the combined distances from Shanghai to Manila aud thence to Singapore. 

The polyconic projection is not adapted to mapping areas of predominating 
longitudinal extent and should not generally be used for distances east or west of its 
central meridian exceeding 500 statute miles. Within these limits i t  is sufficiently 
close to other projections that are in some respects better, as not to cnuse any incon- 
venience. The extent to which the projection may be carried in latitude is not 
limited. On account of its tabular superiority and facility for constructing field 
sheets and topographical maps, i t  occupies a place beyond all others.' 

Straight lines on the polyconic projection (excepting its central meridian and 
the Equator) are neither great circles nor rhumb lines, and hence the projection is not 
suitecl to navigation beyond certain limits. This field belongs to the Mercator 
and gnomonic projections, about which more will be given later. 

I he polyconic projection has no advantages in scale; neither is i t  conformal or 
equal-arcs, but rather a compromise of various conditions which determine its choice 
within certain limits. 

The modiGcd polyconic projection with two standard meritlians may be carried 
to a greater extent of longitude thnn the former, but for narrow zones of longitude 
the Bonne projection is in some respects preferable to either, as it is a n  equal-area 
represcn ta tion. 

For a map of the United States in a single sheet t'he choice rests between the 
Lambert coitformal conic projection with two standard parallels and the Albers equul- 
area projection with two standard parallels. The sclection of a polyconic projec- 
tion for this purposc is indefensible. 'The longitudiual extent of the United States 
is too great for this system of projection and its errors are ]lot readily accounted for. 
The Lambert conformal and Rlbcrs are peculiarly suited to mapping in the Northern 
Hemisphere, where the lines of commercial importance arc generally em t and west. 

In  Plate I about one-third of the Northern Hemisphere is mapped iu an e:isterly 
and westerly extent. With similar maps on both sides of the one referred to, and 
with suitably selected standard parallels, wv would have an interesting series of the 
Northern Hemisphere. 

The transiww polyconic is adapted to the mapping of comparatively narrow 
areas of consitlerablc extent along any great circle. (See Plate 11.) A illercntor 
Pro j~c f ion  can be turned into a transverse position in a similar nianner and will give 
11s conformal mn1)ping. 

MAXIMUM ER1101L O F  AZIMUTH. 

1 ,  

- 
' The poly~oiiic projoction h'15 always boon cmployod by tho Const md Coodotic Survoy for fiold shoots, and gcriarnl tab la  for 

the Construction of this piojoction are publlshod by this Bureau. A projection for any Small part oi tho u orld can roadily ho con- 
struOtcd by the u s ~  of theso tables and tho accuracy of this system n ithin tho limits speciflod are good rcaons for its goncrnl u s ~ .  
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The Lambert conformal and Albers projoctions are desirable for areas of pre- 
dominating east-and-west extent, and the choice is between conjomality, on the one 
hand, or equal area, on the other, depending on which of the two properties may be 
preferred. Tho authors would prefer Albers projection for mapping the United 
States. A comparison of the two indicates that their difference is very small, but 
the certainty of definite equal-area representation is, for general purposes, the more 
desirable property. When latitudinal extent increases, conformality with its pres- 
ervation of shapes becomes generally more desirable than equivalence with its 
resultant distortion, until a limit is reached where a large extent of area has equal 
dimensions in both or all directions. Under the latter condition-viz, the mapping 
of large areas of approximately equal magnitudes in all directions approaching the 
dimensions of a hemisphere, combined with the condition of preserving azimuths 
from a central point-the Lambert zenithal equal-area projection and the stereo- 
graphic projection are preferable, the former being the equal-area representation 
and the latter the conformal representation. 

A study in the distortion of scale and area of €our different projections is givon 
in frontispiece. Deformation tables giving errors in scale, area, and angular dis- 
tortion in various projections me published in Tissot’s Memoire sur la Repr6senta- 
tion des Surfaces. These elements of the Polyconic projection are given on pages 
166-167, ‘IT. S. Coast and Geodetic Survey Special Publication No. 57. 

Thc mapping of an entire hemisphere on a secant conic projection, whether con- 
formal or equivalent, introduces inadmissible errors of scale or serious errors 
of area, either in the center of the map or in the regions beyond the standard 
parallels. It is better to  reserve the outer arcas for title space as in Plate I rather 
than to extend the mapping into them. Tho polar rogions should in any event be 
mapped separately on a suitable polar projection. For an equatorial belt a cylin- 
drical conformal or a cylindrical equal-area projection intersecting two pasallels 
equidistant from the Equator may be employed. 

The lack of mention of a large number of excellent map projections in Part I1 
of this treatise should not cause one to infer that the authors deem them unworthy. 
It was not intended to cover the subject in toto at this time, but rnther to caution 
against the misuse of certain types of projections, and bring to notice a few of the 
interesting features in the progress of mathematical cartography, in which the theory 
of functions of a complex variable plays no small part to-day. Without the 
elements of this subject a proper treatment of conformal mapping is impossible. 

On account of its specialized nature, the mathematical element of cartography 
has not appealed to the amateur geographer, and the number of those who have 
receired an adequate mathematical training in this field of rcsenrch are few. A 
broad gulf has heretofore existed botween the geodesist, on the one hand, and the 
cartographer, on the other. The intercst of the former too frequently ceases at the 
point of presenting with sufficient clearness the value of his labors to the latter, with 
the result that many chart-producing agencies resort to such systems of map pro- 
jection as are readily available rather thnn to thoso that are ideal. 

It is because of this utilitarian tendency or negligence, together with the mani- 
fest aversion of the cartographer to cross the threshold of higher mathematics, that 
those who care more for the theory than the application of projections ham not 
rcceivod the recognition duo them, and the employment of autogonal (conformal) 

~ ~ 

6 Page 75, Tissot’s M6moirc sur la Rcpr6scntntion dcs Surhccs, Paris, 1661-“Nous appcllorons aufogonalcs Ics projections qui 
aonservent les angles, et aulhaliques celles qui comervent les aires.” 
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Projections has not been extensive. The labors of Lambart, Lagrange, and Gauss 
are now receiving full appreciation. 

I n  this connection, the following quotation from volume IV, page 408, of the 
collected mathematical works of George William Hill is of interest: 

Maps being used for a great variety of purposes, many different methods of projecting them may be 
adnlitted; but when the chief end is to present to the eye a picture of what appears on the surface of the 
earth, we should limit ourselves to projections which are conformal. And, as the construction of the 
r h a u  of meridians and parallels is, except in  maps of small regions, an important part of the labor in. 
volved, it should be composed of the most easily drawn curves. Accordingly, in  a well-known memoir, 
Lagrange recommended circles for this purpose, in which the straight line is included as bebg a circle 
Whoee center is a t  infinity. 

An attractive field for futuro research will bc in the line in which Prof. Goodc, of 
the University of Chicago, has contributed so substantially. Possibilities of other 
combinations or interruptions in the same or different systems of map projection may 
sohe some of the other problems of world mapping. Several interesting studies given 
in illustration at the end of the book wili, we hope, suggest ideas to the student in 
this paxticular branch. 

On all recent French maps the name of the projection appears in the margin. 
This is excellent practice and should be followed at  all times. As different projec- 
tions have different distinctive properties, this feature is of no small valua and may 
serve as a guide to an intelligible appreciation of the map. 



TBE POLYCONIC PROJECTION. 

DESCRIPTION. 
[See f i g .  47.1 

The polyconic projection, devised by Ferdinand Hmslcr, the first Superintend- 
ent of the Coast and Geodctic Survey, possesses great popularity o n  account oE 
mechanical ease of construction and the fact that a general tableo for its use has been 
calculated for the whole spheroid. 

It may be interesting to quote Prof. Hasslcr7 in connection With two projcc- 
tions, viz, the intersecting conic projection and the polyconic projcction: 

1. Projection on an intersecting cone.-The projection which I intended to use was the development 
of a part of the earth’s surface upon a cone, either a tangent to a certain latitude, or cutting two given 
parallels and two meridians, equidistant from the middle meridian, and extended 011 both sides of the 

FIG. 47.--PoIyconic development of the sphere. 

meridian, arid in latituilu, only 80 far a8 to admit 110 deviation from the real magnitudes, sensi1)lc i n  thc 
detail surveys. 

2. The polyconic projeclion.-* * * This distribution of the projectioIi, in an astlemblage of sec- 
tions of surfaces of successive cones, tangents to or cutting a regular succession of parallels, and upon 

6 Tnblos for tho polyconic projection of maps, Const nnd Geodctic Survey, Special Puhllcntion No. 5. 
7 Papers on vnrious subjects connected with the survey of tho coast of the United Stntcs, by F. R. IInssler: cormmunicatcd 

Mar. 3,1820 (in Trnns. Am. Phil. Sac., new series, vol. 2, pp. 40G-408, Pliilndclpliin, 1825). 

58 
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reSularly changing central meridians, appeared to me the only one applicable to the coast of the United 
States. 

Ita direction, llearly d iap la l  though Iueridiaii alld parallel, would not admit ariy other mode founded 
upon a single meridin11 and parallel withoiit great deviations from the actual magnitudes and shape, 
which would have considerable disadvantages in use. 

-scale distortion e 
FIG. 48.--Polyconic development. 

Figure on left above shows the centers (I{, Ii,, K,, K3) of circles on the projec- 
tion that represent the correslwnding parallels on the earth. Figure on riglit 
a b o ~  shows the distortion a t  the outer meridian due to  the varying radii of the 
circles in the polyconic development. 

A central meridian is assumed upon which the intersections of the parallels are 
truly spaced. Each parallel is then separately developed by means of a tailgent 
cone, the centers of the developed arcs of parallels lying in the extension of the cen- 
tra1 meridian. The arcs of the developed parallels are subdivided to  true scale 
and the meridians drawn though the corresponding subdivisions. Since the radii 
for the parallels decrease as the cotangent of the latitude, the circles are not ooncen- 
tric, and the lengths of the arcs of latitude gradually increase as we recede from the 
meridian. 

The central meridian is a right line; all others are curves, the curvature in- 
creasing with the longitudinal distance from the central meridian. The intersections 
1)etween meridians and parallels also depart from right angles as the distance increases. 

Prom the collstructiorl of the projection i t  is seen that errors in meridioiid 
distaiiccs, areas, Shapes, and intersections incrensc with thc longitudinal limits. 
I t  therefore should be restricted in its use to  maps of wide latitude and narrow 
longitude. 

The polyconic projection may be considered as in a nicasure only ComprolniSinq 
v a h u s  conditions inipossi1)le to be reproscntcd on any o~ le  map or chart, such as 
rclatc to- 

First. Rectangular intersections * of parallels and meridians. 
- -. 

Tllo errorsin nloridionnlscnlc and nrnn nrc cxprcsscd in pcrccntngc very closely 19' the formula 
PcLh9p 2 

E=+(  r) 
in wluch Z'=distnncc of point from ccntrnl meridinn oxprossod in dcgrocs of longitude, nnd p=lntitude. 

Inoridinn nnd tho snnm nmount ior area. 

meridinn 15" distant from the contra1 meridinn; at  30" distnnt i t  incrcnses to 5" 36'. 

of 

EXAMl'LJI.--Por lntitudo 39" tllo crror for 10' 25' 22" (560 slntutc milos) depnrturc in longitude is 1 per ccnt fvr scnlc t1longtlle 

TllC angolordistortionis n vnrinblc quantity not pnsily cxpressod by nn cquation. In Intitudr 30' tllis distortion is 1'27' on the 

The GrCntcSt nngulnr distortion in tllis projcclionis nt tho Equntor, decreasing to zero as w@ nppronch tho Pole. 7'110 distortion 
is onc-lialf of tho nbovc nmounts. 
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Second. Equal scalee over the whole extent (the error in scale not exceeding 
1 per cent for distances within 560 statute miles of the great circle used as its central 
meridian). 

Third. Facilities for using great circles and azimuths within distances just 
mentioned. 

Fourth. Proportionality of areas0 with those on the sphere, etc. 
The polyconic projection is by construction not conformal, neither do the 

parallels and meridians intersect a t  right angles, as is the ease with all conical or 
single-cone projections, whether these latter are conformal or not. 

It is sufficiently close to  other types possessing in some respects better proper- 
ties that its great tabular advantages should generally determine its choice withm 
certain limits. 

As stated in Hinks’ Map Projections, it is a link between those projections 
which have some definite scientific value and those generally called conventional, 
but possess properties of convenience and use. 

Tbe three projections, polyconic, Bonne, and Lambert zenithal, may be con- 
sidered as practically identical within areas not distant more than 3’ from a common 
central point, the errors from construction and distortion of the paper exceeding 
those due to  the system of projection used. 

The general theory of polyconic projections is given in Special Publication 
No. 57, U. S. Coast and Geodetic Survey, 

CONSTRUCTION OF A POLYCONIC PROJECTION. 

Having the area to be covered by a projection, determine the scale and the 
interval of the projection lines which will be most suitable for the work in hand. 

SMALL-SCUE PROJECTIONS (1-500 000 AND SMALLER). 

Draw a straight line for a central meridian and a construction line (a b in the 
figure) perpendicular thereto, each to be as central to the sheet as the selected interval 
of latitude and longitude will permit. 

On this central meridian and from its intersection with the construction line 
lay off the extreme intervals of latitude, north and south (mm, and wm,) and sub- 
divide the intervals for each parallel (m, and m,) to be represented, all distances10 
being taken from the table (p. 7, Spec. Pub. No. 5 ,  “Lengths of degrees of the 
meridian”). 

Through each of the points (mt, q, m,, m,) on the central meridian draw addi- 
tional construction lines (cd, c j ,  gh, ij) perpendicular to the central meridian, alia 
mark off the ordinates (3, z,, 5, z3, ?;a, x5) from the central meridian corresponding 
to the values” of “ X ”  taken from the table under “Coordinates of curvature” (pp. 
11 to 189 Spec. Pub. No. 5 ) ,  for every meridian to be represented. 

At the points (2, xl, x2, z3, x,, z,) lay off from each of the construction lines the 
corresponding values’O of li Y” from the table under “Coordinates of curvature” 
~~ 

0 Footnote on preceding page. 
10 The lengths of the arcs of the meridians and parallels change when the latitude changes and all distances must be taken 

from the table opposite thc latitude of the point in use. 
11 Approximate method of deriving the values Of y intermediate between those shown in the tabla. 
The ratio of any two succcss~vc OrdinUtCS O/CUTVatUTC C p d S  the ratio of the  ageares of the corresponding UTCS.  
Ezamp2es.-Latitude 80” to 81’. Given the value of I for longitude 50’, !&KLrn8 (see table), to obtain the value of y for longitude 

65’. g;i=a%; hence ~ = 3 5 4 . ~ 3  (see table). 
Similarily, y for 3”-3795m. 

4’ 
-e 3k+ - hence y for 4”=6747-, 

which diffen 2m from the tabular value, a negligible qunntity for the intermcdiate values of y under most conditions. 
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“ 

FIG. 49.-Polyconic projection-construction plate. 

(pp. 11 to 189, Spec. Pub. No. 5 ) ,  in a direction parallel to the central meridian, 
above the construction lines if north of the Equator, to determine points on the 
Uridians and parallels. 

Draw curved lines through the points thus determined for the meridians aiid 
parallels of the projection. 

LAROE-SCALE PROJECTIONS (1-10 000 AND LARGER?. 

The above method can be much simplified in constructing a projection on a 
large scale. Draw the central meridian and the construction line ab, as directed 
above. On the central meridian lay off the distances’2 mm, and mm, taken from 
the table under ( I  Continuous sums of minutes” for the intervals in minutes between 
thc middle parallel and the extreme parallels to be represented, and through the 
Points m, and m, draw straight lines cd and e f  parallel to the line ab. 011 the 
lines ab, cd, and Ef lay off the distances la ms5, m2x5, and m4x, 011 both sides of the 
central meridian, taking the values from the table under “Arcs of the parallel in 
meters” corresponding to the latitude of the points m, m,, and m4, respectively. 
Draw straight lines through the points thus determined, x6, for the extreme meridians. 

The lengths of tho nrrs of the meridians and parsllels change when tho latitudochnngos and nll  distances must be taken from 
the table opposite the lstitudo of tho point In use. 
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At the points x5 on the line ab lay off the 17nluc l3 of 2/ corresponding to the inter- 
val in miiiutes bctwecn the ccntral and the cxtrcmc mcridians, as given in the table 
under Coordinates of curvature,” in a dircction parallel with the ccntral meridian 
and above the line, if north of the Equator, to determine points in tho ccntral parallel. 
Draw straight lines from these points to the point m for the middle parallel, and 
from the points of intersection with the cxtrcmc meridians lay off di~tances’~ on the 
extreme meridians, above and below, cqual to the distances rn,rn,, and mm, to locate 
points in the extreme parallcls. 

Subdivide the threc mcridians and three parallels in to parts corresponding to 
the projection interval and join the corresponding points of subdivision by straight 
lines to complete the projection. 

To construct a projection on an intermediate scale, follow the rigid method for 
small-scale projections to the extent required to give a projection as accurate as c.an 
be constructed graphically. 

In the “large-scale projection” method, the use of tho tahle of “Arcs of the parnllcl” instead of X coordinates, although not 
theoretically correct, is sufficicntly nccurnte for projections even up to scnlo 1 : 40 OOO. Duo to the fact that the X coordinntes nre 
not supplied in the tahle for latitudes intermediate between dcgrees, it is convenient to use nrc lengths instead of X coordinates 
in order to avoid interpolation. Ilowcver, it hccorncs necessary in projections of large longitudinnl extent in scnles smaller than 
1 : 40 000 to npply a check on the two scts of vnlucs, rind to use the X coordinntcs when they becorric smaller than the values tnken 
from the “Arcs of the parallcl.” 

A inorc froquotit use of Y coordinntes is necessary as scales become smaller than 1: I0 CQO; nnd on intermediato scales up to 
I : 40000 i t  is generally sufficient to apply tlic Y coordinatcs on the centrnl, upper, and rniddlc parallels at their estrernities, aud a t  
intermediato iutervnls of such frequency as will be :.riqrIiically needful. 

coordinates for the projection of maps on various scales with the inch as unit, are published by the  
u. S. Geological Survey in Bulletin 650, Geopaphic Tables a i d  Formillas, pages 34 to 107. 

TRANSVERSE POLYCONIC PROJECTION. 

(See Plate 11.) 

If the map should hn.vc a prctlominatiiig east-and-west dimcnsion, the poly- 
conic propertics may stfill be rctaincd, by applying the dcvrloping cones in a trans- 
vcnc positioii. A great circle at right a11g1c.s to  a ceritral meridian at tho middle 
part of thc map can bc made to play the part of the ccntral mcridian, the poles 
being transferred (in constructio~i ody)  to the Equator. By transformation of 
coordiilz,tcs a projection may be completed which will givc all polyconic properties 
hi a travcrsc rehtion. This process is, however, laborious and has seldom been 
resorted to. 

Since the distance across the United States from north to  south is lcss than 
three-fifths of that from cast to west, it follows, then, by thc ahove rnanipulation 
that the maximum distortion can he reducd from 7 to 24 pcr ccnt. 

A projection of this type (plate 11) is peculiarly suited to a map covering an importailt section of 
thc North Pacific Ocean. If a peat circle l 4  passing through San Francisco and Manila is treated in con- 
struction as a central meridian in the ordinary polyconic projection, we can cross the Pacific in a narrow 
belt so as to include the American and Asiatic coasts with a very small scale distortion. I3y transforma 
tior1 of coordinates the meridizns and parallels can he constnlcted so that the projection will present 
the usual appearance and may be utilized for ordinary purposes. 

The configuration of the two continents is such that  all the prominent features of America and 
eastern Asia arc conveniently close to  this selected axis, via, Panama, Brito, San Francisco, Straits 
of Puca, Unalaska, Kiska, Yokohama, Manila, Hongkong and Singapore. It is a typical case of 
a projection being adapted to  the configuration of thc locality treated. A map on a traiisverse 
polyconic projection as here suggcsted, while of no special navigational value, is of intercst from a 
geographic standpoint as exhibiting in their true relat,ions n group of important localities covering 
a wide expanse. 

For method of constructing this modified form of polyconic projcction, see Coast and Geodetic 
Survey, GpcciaI Publication No. 57, pages 167 to 171. 

the  tahle opposite tho latitude of the point in use. 

-- 
IS The lcngths of tho arm of the meridians nnd parnllels change when the latitude chnnges nnd all distances must be tnken from 

1 4  -4 great circle tangent to pr1rallcl46~ north latitude a t  lG0” west longitude was chosen ns the axis of the projection in this plnte. 



THE P O L Y C O N I C  P K O J E C T I O N .  63 
POLYCONIC PROJECTION WITH TWO STANDARD MERIDIANS, AS USED FOR THE 

The projection adopted for this map is a modified polyconic projection devised 
by Lallemand, and for this purpose has advantages over the ordinary polyconic 
Projection in that the meridians are straight lines and meridional errors are lessened 
and distributed soniewhat the same (except in an opposite direction) as in a conic 
Projection with two standard parallels: in other words, i t  provides for a distribution 
of scale error by having two standard meridians instead of the one central meridian 
of the ordinary polyconic projection. 

The scale is slightly reduced along the central meridian, thus bringing the parallels 
closer together in such a way that the meridians 2" on each side of the center are made 
true to scale. Up to GO" of latitude the separate sheets are to include 6" of longitude 
and 4" of latitude. From latitude 60" to the pole the sheets are to include 12" ot 
longitude; that is, two sheets are to be united into one. The top and bottom parallel 
of each sheet are constructed in the usual way; that is, they are circles constructed 
from centers lying on tlie central meridian, but not concentric. These two parallels 
are then truly divided. The meridians are straight lines joining the corresponding 
Points o& the top and bottom parallels. Any sheet will then join exactly along its 
margins with its four neighboring sheets. The correction to the length of the central 
meridian is very slight, amounting to only 0.01 inch a t  the most, and the change is 
% h o s t  too slight to be measured on the map. 

In the resolutions of the International Map Committee, London, 1909, it is not 
stated how the meridians are to be divided; but, no doubt, an equal division of the 
central meridian was intended. Through these points, circles could be constructed 
nit11 centers on the central meridian and with radii q u a l  to pn cot 'p, in which pn is the 
radius of curvature perpendicular to the meridian. In  practice, however, an equal 
division of the straight-line meridians between the top and bottom ~~arallels could 
scarcely be distinguished from the points of parallels actually constructed by mc:m 
of radii or 1)y coordinates of their intersections T, itli the meridians. The provisions 
also fail to state whether, in the sheets covering 12" of longitude instead of 6") the 
meridians of true length shall be 4" instead of 2" on each side of the central meridian; 
but such was, 110 doubt, the intention. In any case, the sheets would not exactly 
join together along the parallel of 60" of latitude. 

The appended tables givc the corrected lengths oi the central meridian from 0" to 
60" of latitude and the coordinates for the construction of the 4 O  parallels within the 
same limits. Each iiarallel has its own origin; i. e., where the parallel in question 
intersects the central meridian. The central meridian is the Y axis and a perpendic- 
h- to i t  a t  the origiii is tlie S axis; the first table, of course, gives the distance 
htwcen thc origins. Tlic y \-:ilues arc small in every instance. In terms of the para- 
1Wters these values :ire giycn 1)y the expressions 

INTERNATIONAL MAP OF THE WORLD, ON THE SCALE 1 : 1 000 000. 

z = p n  cot cp sin (A sin p) 

y = p n  cot cp [I- cos (A sin 'p)]=2p,,  cot 'p sin2 ("Z!?). 
Tho tables as given bclow aro all that are requircd for the construction of all 

This fact in itself shows vory cl(wly tho tdvantages 

A discussion of tho numerical propcrtics of this map system is given by 

nlaps up to 60" of lrttitudo. 
of tho us0 of this projection for thc  purpose in hand. 

Lallcmand jn the Comptes ROII~US,  181 1, tome 153, page 559. 
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TABLES FOR THE PROJECTION O F  T H E  SHEETS O F  T H E  INTERNATIONAL MAP O F  THE 
WORLD. 

U. S. COAST AND GEODETIC SURVEY. 

[Scale: 1:l OOO OOO. Assumed flgure of the earth: a=G378.24 km.; b=G356.50 km.] 

TABLE 1 .--Corrected lengths on the central meridian, in  millimeters. 

222.64 
n. 00 

222. i n  
220.49 

n. 79 

0.27 

0.54 
217.81 

214.07 
1. 03 

209.29 
1. 25 

203.50 
1. 45 

196.72 
1.61 

188.98 
1. 76 

180.32 
1.85 

170.78 
1.02 

1. 95 
149.24 

1.94 

1.89 
124.77 

1.81 
111.59 

1. GU 

im. 40 

137.34 

- .- .. 
I 

__- 

333.96 
0. no 

333.16 

330.73 

I. 78 

0.61 

1.21 
326.71 

321.10 
2.32 

313.93 
2.81 

305.24 
3. 25 

295.00 
3.63 

283.45 
3.03 

270.46 
4. lfj 

256.14 
4.31 

4.38 
223.83 

4.36 

4.25 
187.13 

4.00 
1G7.36 

3.80 

240.5.3 

205.08 

Latiludo Nnturnl I lcngth 

442.27 
442.31 
442.40 
442.63 
442. 69 
442.90 
443.13 
443.39 
443.68 
443. 08 
444.29 

444.02 
445.22 
445.52 

444. on 

__ __ 
COKeC- 

tion 
-- 

-a 27 
.26 
.26 
.26 
.24 . 24 
.22 
.20 
. I 9  
.17 
.15 
.13 . I1 . 09 

-0. 08 

Corrected 
length 

TABLE 2.-Coordinates of the intersections of the parallels and the meridians, in millimeters. 

Lati- 
tude 

0 

4 

8 

12 

16 

20 

24 

28 

32 

3G 

40 

44 

48 

52 

56 

GO 

, 

Coordi- 
nntos 

2 
Y z 
Y 
2 
Y 
2 
Y 
2 
Y 
2 
Y 
2 
Y 
2 
II 
2 
I 
2 
?J 
2 
Y 
2 
Y 
2 
U 
7 
Y 
2 '  
Y 
2 
Y 
- 

Longitude from central 
mcridiun 

111.32 
0.00 

111.05 
0.07 

110.24 
0. 13 

10s. 90 
0.20 

107.04 
0. 26 

104.65 
0.31 

0. 36 
98.36 
0.40 

94. 50 
0.44 

0.40 

0.48 
80.21 
0. 49 

74.63 
0. 45 

GLI.68 

62.30 
0.45 

55. 80 
0.42 

ini.75 

on. 10 

85.40 

n. 47 

__ 

442 00 
442.05 
442.14 
442.27 
442.45 
442.66 
442.91 
443.19 
443.49 
443.81 
444.14 
444.47 
444.81 
445.13 
445.44 

In the debates on the internatimal map, the ordinary polyconic projection was 
opposed on the ground that a number of sheets could not be fitted together on 
account of the curvature of both meridians and parallels. This is true from the 
nature of things, since it is impossible to make a map of the world in a series of flat 
sheets which shall fit together and at  the same time be impartially representative 
of all meridians and parallels. Every sheet edge in the inteiaational map has an 
exact fit with the corresponding edges of its four adjacent sheets. 

The corner sheets to  complete a block of nine will not make a perfect fit along 
their two adjacent edges simultaneously; they will fit one or  the other, but the 

(See fig. 50.) 
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angles of the corners are not exactly the same as the angles in which they are required 
to fit; and there will be in theory a slight wedge-shaped gap unfilled. as shown in 
the figure. It is, however, easy to calculate that the discontinuity at  the points 
a or 6 in a block of nine sheets, will be no more than a tenth of an inch if the paper 

FIO. 50.-International map of the world-junction of sheets. 

Preserves its shape absolutely unaltered. What it will be in practice depends 
entirely on the paper, and a map mounter will have no difficulty in squeezing his 
sheets to make the junction practically perfect. If more than nine sheets are put 
together, the error will, of course, increase somewhat rapidly; but at the same time 
the sheets will become so inconveniently large that the experiment is not likely to  
be made very often. If the difficulty does occur, it must be considered an instruc- 
tive example at once of the proposition that a spheroidal surface can not be developed 
on a plane without deformation, and of the more satisfying proposition that this 
modified projection gives a remarkably successful approximation to  an unnttain- 
able ideal. 

Concerning the modified polyconic projection for the international map, Dr. 
fihchauf has little to say that might be considered as favorable, partly on account 
of errors that appeared in the first publication of the coordinstes. 

The claim that the projection is not mathematically quite free from criticism 
a d  does not meet the strictest demands in the matching of sheeta has some bash. 
n e  system is to some extent conventional and does not set out with any of the 
better scientific properties of map projections, but, within the limits of the separate 
sheets or of several sheets joined together, should meet all ordinary demands. 

The contention that the Albers projection is better suited to  the same purpose 
raises the problem of special scientific properties of the latter with its limitations to 
separate countries or countries of narrow latitudinal extent, aa compared wilh the 
modified poly coni^ projection, which has no scientific interest, but rather a value of 
expediency. 

In the modified polyconic projection the separate sheets are sufficielltly good 
and can be joined any one to its four neighbors, and fuirIy well in groups of nine 
throughout the Jvorld; in the Albers projection a greater number of sheets may be 
joined exactly if the intitudinal limits are not too great to necessitate new series to 

54157'-:L4----5 
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the north or south, as in the case of continents. The latter projection is further 
discussed in another chapter. 

The modified polyconic projection loses thc advantages of the ordinary polyconic 
in that the latter has the property of indefinitc extension north or south, while its 
gain longitudinally is offset by loss of scaIe on the middle parallels. The system 
does not, therefore, permit of much extension in other maps than those for which i t  
was designed, and a few of the observations of Prof. n o s h ,  of Sweden, on the limi- 
tations 15 of this projection are of interest: 

The junction of four sheets around a common point is more important than 
junctions in Greek-cross arrangement, as provided for in this system. 

The system does not allow a simple calculation of the degree scale, projection 
errors, or angular differences, the various errors of this projection being both lengthy 
to compute and remarkably irregular. 

The length differences are unequal in similw directions from the same point, 
and the calculation of surface differences is specially complicatcd. 

For simplicity in mathematical respects, Prof. n o s h  favors a conformal conic 
projection along central parallels. By the latter system the sheets can be joined 
along a common meridian without a seam, but with a slight eiicroachmeiit along 
the parallels when a northern sheet is joined to its southern neighbor. The conformal 
projection angles, however, being right angles, the sheets will join fully around a 
corner. Such a system would also serve as a better pattern in permitting wider 
employment in other maps. 

On the other hand, the modified polyconic projection is su6ciently close, and 
its adaptability to small groups of sheets in any part of the world is its chief advan- 
tage. The maximum meridional error in an equatorial sheet, according to Lallemand 
is only &-, or about one-third of a millimeter in the height of a sheet; and in the 
direction of the parallels dm, or one-fifth of a millimeter, in the width of a sheet. 
The error in azimuth does not exceed six minutes. Within the limits of one or 
several sheets these errors are negligible and inferior to those arising from drawing, 
printing, and hygrometric conditions. 

15 Sea Atti  del X Congcsso Internazionale di QeOgranu, Romu, 1913, pp. 37-42 
18 Ibid., p. 081. 



THE BONNE PROJECTION. 
DESCRIPTION. 

[See fig. 51.3 

I n  this projection a central meridian and a standard parallel are assumed with 
8 cone tangent along the standard parallel. The central meridian is developed 
along that element of the cone which is tangent to it and the cone developed on a 
plane. 

BONN€ PROJECTION OF HEMISPHERE 
Development o f  Gone tangent along parallel 45’ N. 

FIQ. 51. 

The standard pnrllcl f d s  into an arc of a circle with its center at  the apex of 
the developing cone, and the central meridian becomes a right line which is divided 
to true scalc. The parallels arc drawn as concentric circles a t  their true distances 
apart, mid all parallels are divided truly and drawn to scale. 

The 
central meridian is a straight line; d l  others are curves, thc curvaturo increasing 
with the difference in 101@Ude. 

Tho scale dong all meridinns, excepting the centrd, is too groat, increasing with 
the distance from the center, and the meridians become more inclined to the parallels, 

“hrougll the points of division of the parallels the meridians arc drawn. 

67 
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thereby increasing the distortion. The developed areas preserve a strict equality, 
in which respect this projection is preferable to the polyconic. 

UsEs.-The Bonne system of projection, still used to some extent in France, 
will be discontinued there and superseded by the Lambert system in military mapping. 

It is also used in Belgium, Netherlands, Switzerland, and the ordnance surveys 
of Scotland and Ireland. I n  Stieler's Atlas we find a number of maps with this 
projection; less extensively so, perhaps, in Stanford's Atlas. This projection is 
strictly equal-area, and this has given i t  its popularity. 

I n  maps of France having the Bonne projection, the center of projection is found 
at  the intersection of the meridian of Paris and the parallel of latitude 50G (= 45'). 
The border divisions and subdivisions appear in grades, minutes (centesimal), sec- 
onds, or tenths of seconds. 

LmITATIoNs.-Its distortion, as the difference in longitude increases, is its chief 
defect. On the map of France the distortion at the edges reaches a value of 18' for 
angles, and if extended into Alsace, or western Germany, i t  would have errors in dis- 
tances which are inadmissible in calculations. In the rigorous tests of the military 
operations these errors became too serious for the purposes which the map was 
intended to serve. 

THE SANSON-FLAMSTEED PROJECTION. 

In  the particular cme of the Bonne projection, where the Equator is chosen for 
the standard parallel, the projection is generally known under the name of Ssnson- 
Flamsteed, or as the sinusoidal equal-area projection. All the pardels become 
straight lines parallel to the Equator and preserve the same distances as on the 
spheroid. 

The latter projection is employed in atlases to a considerable extent in the 
mapping of Africa and South America, on account of its property of equal area and 
the comparative ease of construction. I n  the mapping of Africa, however, on account 
of its considerable longitudinal extent, the Lambert zenithal projection is preferable 
in that it presents less angular distortion and has decidedly less scale error. Diercke's 
Atlas employs the Lambert zenithal projection in the mapping of North America, 
Europe, Asia, Africa, and Oceania. In  an equal-area mapping of South America, 
a Bonne projection, With center on parallel of latitide 10' or 15' south, mould give 
somewhat better results than the Sanson-Flamsteed projection. 

CONSTRUCTION OF A BONNE PROJECTION. 

Due to the nature of the projection, no general tables can be computed, so that 
for any locality special computations become necessary. The following method 
involves no dimcult mathematical calculations : 

Draw a straight line t o  represent the central meridian and erect a perpendicular 
to  it at  the center of the sheet. With the central meridian as Y axis, and this per- 
pendicular as X axis, plot the points of the middle or stantlard parallel. The coordi- 
nates for this parallel can be taken from the polyconic tables, Special Publication 
No. 5. A smooth curve drawn through these plotted points will establish the stand- 
ard parallel. 

The radius of the circle representing the parallel can be determined as follows: 
The coordinates in the polyconic tublc are givcn for 30" from the central meridian. 

__ 
11 Tables for this prolection for the map of France were computed by Plessh. 
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With the x and y for 30°, we get 
X tan!-Y. and r, = - 2 2' sin % 

(0 being the angle a t  the center subtended by the arc that represents 30' of longitude). 
BY using the largest values of x and y given in the table, the value of r, is better 
determined than it would be by using any other coordinates. 

This value of rl can be derived rigidly in the following manner: 

rl= N cot 4 

(Nbeing thc length of the normal to its intersection with the Yaxis); but 

1 N=- 
A/ sin 1" 

(A' being thc factor tabulated in Special Publication No. 8, U. S. Coast and Geodetic Survey). Hence, 

h o r n  the radius of this central parallel the radii for the other pardlels can now 
be mlculated by the addition or subtraction of the proper values taken from the 
table of "Lengths of degrees," U. S. Coast and Geodetic Survey Special Publica- 
tion NO. 5, page 7, as these values give the spacings of the parallels along the central 
meridian. 

Let r represent the radius of a parallel determined from r, by the addition or 
Subtraction of the proper value as stated above. If 8 denotes the angle between 
the central meridian and the radius to any longitude out from the central meridian, 
and if p represents the arc of the parallel for 1' (see p. 6, Spec. Pub. NO. 5 ) ,  we obtain 

8 in seconds for 1' of l o n g i t u d e = m ~ ,  p .  

e 
chord for 1' of longitude=2r sin20 

Arcs for any longitude out from the central meridian can be laid off by repeating 

6' can be determined more accurately in tho following way by the usc of Special 

1'' 

this arc for 10. 

Publication NO. 8 : 
the longitude in seconds out from the central meridian; then 

X" cos 4 
r A' sin 1"' % in seconds = 

% y = 2r sina - - 2 
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If the parallel has been drawn by the use of the beam compass, the chord for 
the X farthest out can he computed from the formula 

e chord = 3r sin - - 2 

The arc thus determined can be subdivided for the other required intersections 

The meridians can he drawn as smooth curves through the proper intersections 
I n  this way all of the elements of the projection may be doter- 

with the meridians. 

with the parallels. 
mined with minimum labor of coinput' 'L t' ion. 



THE LAMBERT ZENITHAL (OR AZIMUTHAL) EQUAL-AREA PROJECTION. 
DESCRIPTION. 

[See Frontispiece.] 

This is probably the most important of the azimuthal projections and was em- 
ployed by Lambert in 1772. The important property being the preservation of 
azibuths from a central point, the term zenithal is not so clear in meaning, being 
ob’viously derived from the fact that in making a projection of the crlcstial sphere 
the zcnitli is the ccntcr of the map. 

In this projection the zenith of tlie central point of the surface to be represented 
aPpears as pole in the ccntcr of thc map; the azimuth of any point within the sur- 
face, as seen from the ccntral point, is the samc as that for the corresponding points 
of the map; and from the sanic ccntral point, in all directions, equal grcat-circle 
distances t o  points on the earth are represented by cqual linear distances on the map. 

It has tho additional property that areas on the projection are proportional to  
the corresponding areas on the spjierc; that is, any portion of the map bears the 
same ratio to tllc region rcprrscntcd by it that any other portion does to its corre- 
”onding region, or  tho ratio of area of any part is cqual to  the ratio of area of the 
whole rcprescn t at ion. 

This type of projection is well suited to the mapping of areas of considerable 
extent in all directions; that is, areas of approximately circular or square outline. 
1x1 the frontispiccc, the base of which is a Lambert zenithal projection, the line of 
2 Per cent scale error is represented by the bounding circlc and makes a very favorable 
h w i n g  for a distancc of 22O 44’ of arc-measure from the center of the map. Lines 
of other given emom of scale would therefore bo shown by concentric circlcs (or 
almucantam),each. one representing a small circle of the sphere parallel t o  the horizon. 

Scale error in this projcction may be d e t r r k e d  from the scale factor of the 
almucantar as represented by the expression in which e = a r t d  distance in 

arc measure on osculating sphere from center of map to  any point. 
Thus we have the following percentages of scale error: 
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The  Lambert zenithal projection is valuable for maps of considerable world 
areas, such as North America, Asia, and Africa, or the North Atlantic Ocean with 
its somewhat circular configuration. It has bccn employed by the Survey Dcpart- 
ment, Ministry of Finance, Egypt, fo r  a wall map of Asia, as well as in atlases for 
the delineation of continents. 

The projection has also been employed by tlie Coast and Geodetic Survcy in an 
outline base map of thc United States, scalc 1 : 7 500 000. On account of the 
inclusion of the greater part of Mexico in this particular outline map, and on account 
of the extent of area covered and the general shape of the whole, the selection of this 
system of projection offered the best solution by reason of the advantages of equal- 
area representation combined with practically a minimum error of scale. Had the 
limits of the map been confined to the borders of the United Statcs, the advantages 
of minimum area and scale errors would have been in favor of Albers projcction, 
described in anothcr chapter. 

The maximum crror of scale at  the castcrn and western limits of the United 
States is but 1& pcr cent (the polyconic projcction has 7 per cc.nt), while the maxi- 
mum error in azimuths is 1 O 04’. 

Between a Lambert Zenithal projection and a Lambert conformal conic projection, 
which is also employed for base-map purposes by the Coast and Geodetic Survey, on 
a scale 1 : 5 000 000, the choice rests largely upon the property of equal ureas repre- 
sented by the zenithal, and conjormulity as represented by the conformal conic pro- 
jection. The former property is of considerable value in tlie practical use of the 
map, while the latter property is one of mathematical rcfinement and symmetry, thc 
projection having two parallels of latitude of truc scale, with definitc scale factors 
available, and thc advantages of straight meridians as an additional clement of prime 
importance. 

For the purposes and gcncral rcquirements of a base map of the United States, 
disregarding scale and direction errors which are conveniently small in both pro- 
jections, either of the above publications of the U. s. Coast and Geodetic Survey 
offers advantages over other base maps heretofore in use. However, under the 
subject heading of Albers projection, there is discussed another system of map pro- 
jection which has advantages deserving consideration in this connection and which 
bids fair to supplant either of the above. (Scefrontispiece and table 011 pp. 54, 55.) 

Among the disadvantages of the Lambert zenithal projection should be men- 
tioned the inconvenience of computing the coordinates and the plotting of the double 
system of complex curvcs (quartics) of the meridians and parallels ; the intersection 
of these systems a t  oblique angles ; and the consequent (though slight) inconvenience 
of plotting positions. The employment of degenerating conical projections, or rather 
their extension to  large arcas, leads to difliculties in their smooth construction and 
use. For this reason the Lambert zenithal projection has not been used so exten- 
sively, and other projections with greater scale and angular distortion are more 
frequently seen because they are more readily produced. 

The center used in the frontispiece is latitude 40’ and longitudc 96’, correspond’ 
ing closely to the geographic center of the United States, which has been determined 
by means of this projection to  be approximateIy in Iatitude 39’ 50/, and longitude 
98’ 35’. Directions from this central point to any other point being truc, and the 
law of radial distortion in all azimuthal dircctions from the central point being the 
same, this type of projection is admirably suited for the determination of the geo- 
graphic center of the Unitrd States. 

18 ‘(Geographic center of the United Statcs” is here considered as a point analogous to tho contcr of gravity of a sphoricalsurfaa 
equally weighted (per unit nrea), and hencemay be found by means similar to those employed to find the ccnter of gravity. 
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The coordinates for the following tables of the Lambert zenithal projection lo 

were computed with the center on parallel of latitude 40°, on a sphere with radius 
equal to the geometric mean between the radius of curvature in the meridian and 
that perpendicular to t!le meridian at center. Tlic lognrithm of this mean radius in 
meters is 6.8044400. 

THE LAMBERT Z E N I T H A L  EQUAL-AREA PROJECTION. 

THE LAMBERT EQUAL-AREA MERIDIONAL PROJECTION. 

This projection is also known as the Lambert central ,equivalent projection 
upon the plane of a meridian. In  this case we have the projection of the parallels 
and meridians of the terrestrial sphere upon the plane of any meridian; the center 
will be upon the Equator, and the givcn meridional plane will cut the Equator in 
two points distant each 90' from the center. 

It is the Lambert zenithal projection already described, but with the center on 
the Equator. While in the first case the bounding circle is a horizon circle, 
in the meridional projection the bounding circle is a meridian. 

Tables for the Lambert meridional projection m e  given on page 75 of this publica- 
tion, and also, in connection with the requisite transformation tables, in Latitude 
Developments Connected with Geodesy and Cartography, U. S. Coast and Geodetic 
Survey Special Publication No. 67. 

T h e  useful property of equivalence of area; combined with very small error of 
scale, makes the Lambert zenithal projection. admirably suited for extensive areas 
having approximately equal magnitudes in all directions. 

TABLE FOR THE CONSTRUCTION OF THE LAMBERT ZENITHAL EQUAL-AREA PROJECTION 
WITH CENTER ON PARALLEL 40'. - 

\ 

Longitndo 0" Longitudo 5" I Longitndo 10' Longitude 15" Longitude 20" Longitudo 25' 

Latitude - 
0 

0 
o 

go-. ...... 
85". ...... 
800.. ..... 
75'. ...... 
70". ...... 

Meters 
0+5387885 

+4 878 763 

+3 833 644 
+ 4 3 6 0 3 ~  

Meters Xetcrs  
0 

52 414 

150 800 
1 0 2 ~ ~ 9  

196 770 

Meters 
+5 387 88.5 
+4 680 599 

+3 838 072 
+43~3859 

+3 306 041 

Meters 

204 665 
300 777 
392 357 

n 
104 453 

Meters 

+4 374 361 
+3  855 490 
+3 325 225 

+5 3x7 885 
+4 886 0% 

Afetcrs 
0 

155742 

585 579 

305 266 

Meters 
+5 387 8&5 
+4895196 

+3 357 113 

+4 391 792 
448560+38787~ 

Neters 
0 

205914 
403 799 

775 2% 
593 GO9 

...... 

...... 
45 ........ 

Mrters 
+53R7 8R5 

+3 913 587 

+4907 sm 
+4416 05s 

+3  401 565 

01-5 387 8851.. ......I.. ........I.. .. ....I.. ...... ._I_. ... ...I_. ....... -1.. ......I ... ........ 

t" A mnthmuticnl nccourlt of this projection is givon in: Zijppritz, Prof.Dr. Ker1,Ldffaden der Kurtonontwurfslehre, Erster 
The14 Leipzig, 1899, pp. 38-44. 

Meters 

254 604 

734 842 
9GO 222 

499587 

Meters 

+ 4 924 OOB 
+3 958 086 
+3 458 391 

n+5387885 

+4447015 
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TABLE FOR THE CONSTRUCTION OF T E E  LAMBERT ZENITRAL EQUAL-AREA PROJECTlON 
WITH CENTER ON PARALLEL 40°--Continucd. 

___ -. ~ _ _ _  
Loncitildo 30" Longitude 35" Longitude 40" Lonaitlldc 45" 1,nngitilde 51" Longitude 55" 

LRtltlldD - 

M[tcrs 
0 

525 914 
1039 898 
1 xo 6sn 
2 027 143 

900.. ..... 
850. ...... 
89". ...... 
75". ...... 
70". ...... 

Afctrrs Mefcrs Mrters 
+5 357 885 
+5 122 361 551 259 +5 160 xn 
+4 830 776 1091 579 +4 905 382 1 
+4 514 344 1 GIS 593 +4 623 500 1 
+4 174 238 2 133 939 +4 315 959 2 

0 +5 387 85.5 

650.. ..... 
ROO.. ..... 
55". ...... 

I 45". 
50 o.. .  .... 

...... 

Meters 

572 489 

657 179 
226 296 

o 

40". ...... 
350.. ..... 
25". ...... 
20". ...... 
30". ...... 

3frtrr.s Mctcrs Mrtrrs dfr t irs  M r t m  Afilrrs Jfcfers 
1-5 387 R R ~  o +5  387 R R ~  0 + 5  357 Q S ~  n +5 357 8% 

1 3 5 3 ~ + 4 9 s 3 6 2 0 1  1709$1 + 5 0 ~ 9 r 4 1  197925 1-5148854 12ifioin +5234~96 
+5 200 446 610 041 +5 327 574 

+4 738 343 1742 813 +4 858 149 1 785 923 1 4  982 152 1 816 003 +5 109 509 
+4 465 524 2 303 315 +4 622 088 2 364 175 +4 784 658 2 408 109 +4 952 257 

589 457 +5 241 790 GO2 013 + 5  254 269 

150.. .....I 
5" ........I in".. ..... 
no.. ...... 
-5". ..... 
-100.. ...I. 

.................. 

.................. 

.................. 

.................. .................................... 
.................................... 

900.. ..... 
85". ...... 
80". ...... 
750.. ..... 
70'. ...... 
650.. ..... 
550.. ..... 
Bn0 ....... 
500.. ..... 
45O.. ..... 

..... 
....... 

...................................... 
85". ................................................... 
ROO. .  ........................ 
75". ......................... 
70°.. .................................................. 
650.. .................................................. , 

X t r r s  
0 

013 457 
1 225 008 
1 R12 fa1 
2 434 454 
3 028 467 

Metcrs 
+5 387 885 
+5371383 _ _  
+ 5  321 870 
+5 239 340 
+5 123 788 
+4 975 129 

.......... 

m e . .  ................................................ 
55'. ................................................... 
5V.. .................................................. 
45O.. .................................................. 
40' 
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TABLE FOR THE CONSTRUCTION OF THE LAMBERT ZENITHAT, EQUAL-AREA 
MERIDIONAL PROJECTION. 

[Coordinates in units of the enrth's radius.] 

o.... 
5.. . .  
10 ... 
15 ... 
20 ... 

z -- 
0 
0 
0 
0 
0 

25 ... 
30 ... 
35 ... 
40 ... 
45 ... 

0 
o 
0 
o 
0 

50 ... 
55... 
60 ... 
65 ... 
70 ... 

o 
0 
o 
o o 

0.. . . 
5.. . . 
10.. . 
15.. . 
20.. . 

0.432879 
0.431623 
0.427851 
0.421558 
0.412733 

30.. . 
35.. . 
40 ... 
45.. . 

0.387426 
0.370897 
0.351743 
0.329244 

55.. . 
60... 
65.. . 
70 ... 

0.278071 
0.247901 
0.214781 
0.178601 

75.. . 
SO.. . 
85.. . 
90 ... 

0.139220 
0.096471 
0.050147 
0.ooooo0 

0.. . . 
5.. . . 
10.. . 
15.. . 
20 ... 
25.. . 
30.. . 
35 ... 
40.. . 
45.. . 
50.. . 
55. . .  
m... 
70. 
65. .  . 

0.845237 
0.842647 
0.84881 
0.821934 
0.803803 
0.780484 
0.751972 
0.718267 
0.679328 
0. G35176 
0.685785 
0.5331139 
0. 171219 

0.334709 
0.40rm7 

__ .. . . - 

Longitude 15" 

-. 

Longitude 5' 

- 

Longitude lo0 Longitude 0' 
Lati- 
tude 

Longitude 20' Longitude 2 5 O  
- 

Y 

__ 
Y 

~. 

Y - 
0.00000( 
0.05798 
0.17580: 
0.2G3X, 
0.350191 

0.4364% 
0.5217K 
0.606479 
0.689151 
0.770825 

0.850929 
0.929286 
1.005727 
l.OS0079 
1.1521(j(i 

1.221810 
1.2W28 
1.33030 
1.414214 
___. - 

z 
- 

Y 
~ 

0. oooooo 
0.089353 
0. 178510 
0.267277 
0.355457 

Y 
__ 

0.00000l 
0.08723! 
0.174311 
0.26105: 
0.347% 

0.43287s 
0.51763t 
0.80141: 
0.684MC 
0.765365 

0.845231 
0.923495 
1. O M :  
1.07459s 
1.1471m 

1.217523 
1.285575 
1.351180 
1.414214 
__ _ _  

2 2 

0. 00000( 
0.05732: 
0.17447f 
0.20129; 
0.347615 

0.433272 
0.518osE 
0.601926 
0.684606 
0.765971 

0.845866 
0.924139 
1. om335 
1.075-5207 

1.218000 
1.255937 
1.351387 
1.414214 

I. w 7 i a  

__ __ 

0. 00OOM 
0.087571 
0.174971 
0. ui203: 
0.348581 

0.434453 
0.519473 
0.603479 
0. GXG305 
0.767787 

0. &1776(1 
0.926064 
1.002542 
1.077032 
1.149380 

1.219429 
1.287022 
1.352150 
1.414214 
__ ___ 

0. onom( 
0. 0885x1 
0.17897s 
0.265001 
0.352484 

0.439222 
0.525036 
0.609748 
0.693167 
0.775110 

0.855369 
0.933818 
1.010205 
1.084356 
1.156072 

1.225142 
1.291350 
1.354459 
1.414214 
- 
~ 

0.057239 
O.O8G!BI 
0.0,%2.11 
0.084992 
0.083240 

0.0809Rl 
0.078211 
0.074923 
0.071109 
0.066759 

0.001800 

0.050351 

0.036108 

0.028441 
0.019762 
0.010305 
0. oooo05 

0. o 5 r m  

a 013698 

0.174311 
0.173812 
0.172313 
0.169S13 
0.166306 

0.161785 
0.156241 

0.142028 
0.133325 

0.123525 
0.112600 
0.100511 
O.OS7211 
0.072644 

0.056739 
0.039401 
U. 020542 

a 1491x0 

n. coo300 

0.261052 
0.260302 
0.258051 
0.254295 
0.249026 

0.242235 
0.233908 
0.224026 
0.212668 
0.199504 

0.184800 
0.168412 
0.149939 
0.13054 
0.108537 

0.051733 
0.058818 
0.030638 
0.000000 

0.347296 
346294 k 343285 

0.338rn 
0.33122G 

0.322153 
0.311030 
0. 297s75 
0.282538 
0.2G51&3 

0.245487 
0.223635 
0.199480 
0.172940 
0.143914 

0.112277 
0.077878 
U. 040529 
0. onwoo 

0.432879 
0.431623 
0.427851 
0.421558 
0.412733 

0.401363 
0.387426 
0.370X97 
0.351743 

0.305387 
0.278071 
0.247901 
0.214781 
0.178601 

0.139220 
0.096471 
0.050147 
0.000000 

a 329244 

__._. 

0.442855 
0.529273 
0. 614515 
0.698379 
0.779058 

0.861169 
U. 939682 
1.015991 
1.089574 
1.161099 

75... 0 ,::I 85 ... ," 0 1.229422 
1.294579 
1.356283 
1.414214 

Longitude 25" 
Lnti- 
tudc 

Longitude 30" Longitude 35" Longitude 40' Limgitudo 45O Longitude 50O 
~ 

Y z Z z 
- 
0. 761h767 
0.703056 
0.75G122 
0.744560 
0.728365 

0. 706066 
U. 682022 
U. 651842 
U. 616961 u. 577350 

3.48798 

3.370826 
3.306915 

3.237959 
3.1G3878 
3.0845X8 
3. OOOOoo 

n. ~ i 2 9 7 6  

n. 4 ~ ~ 7 6 7  

- ___ 

z Y Y Y 

0.000000 
0.092820 
0.185404 
0.277488 
0.36&527 

0.459168 
0.548258 
0.635835 
0.721635 
0.805385 

0.065586 
1.011432 
1.114008 
1 .1xm2 

1.2479% 
1.308420 
1.364033 
1.414214 

0. 88~800 

Y 

D. 845237 
U. 842647 
3. 8348S1 
D. 821934 
3.803803 

3.780484 
3.751972 
3.718257 
3.679328 
3.635176 

3.585785 
3.531139 
3.471219 

I. 334709 

1. 259626 
1.178427 
1. 091882 
1. ooo000 

I. 406007 

- ___ 

0.517G38 
0.516124 
0.511581 
0.504001 
0.493374 

0.479684 
U. 46291 0 
U. 443023 
U. 419090 
0.393766 

3.364% 
3.331516 
3.295345 
3.255687 
3.212423 

1. lGMll 
).111451 
I.059127 
1. 0ooooo 
~ __  ___ 

0.000000 
0.090310 
0.180411 
0.270093 
0.359147 

0.447361 
0.5345'23 
0.620417 
0.704826 
0.787531 

0. w8302 
0.9lGOO8 
1.023100 
1. 096644 
1.167253 

1.234646 
1.295309 
1.35R496 
1.414214 
.~ ___ 

0.601.112 
0 . 5 W 8  
0.594311 
0.585128 
0.572975 

u. 556939 
0.537297 
U. 514021 
0.487078 
0. 456425 

3. 422007 
0.383762 

3.295462 
3.245202 

1.1m99 
I. 131794 
1.068301 
1. o0oooo 

n. 341338 

~ ~- 

0.684040 
0. 682ooo 
0.075x79 
0.665670 
D. 651364 

0. 632916 
0.610397 
0.583094 
U. 552605 
U. 517691 

0.431595 
3.386490 
3. 333910 
3.276761 

3.214932 
3.148297 
I. 076708 
1. 000000 

n. 478307 

__ 
~ 

0. o m  
0.089353 
0.176510 
0.267277 
0.355457 

0.442855 
0.529273 
0. 614515 
0.698379 
0.779058 

0.861 169 
0.9396XZ 
1.015991 
1.080574 
1.161099 

1.229122 
1.204579 
1.35ti283 
1.414214 
-~ 

0. nowno 
0.091464 
0.182701 
0.273485 
0.303589 

0.452782 
0.540832 
0.627604 
0.712559 
0.795753 

0.87GB29 
0.055528 
1.030750 
1.1016S4 
1.174540 

1.240Ro9 
1.303128 
1.3010.83 
1.414214 

0. 0- 
0.094411 
0.188550 
0.282142 
0.374912 

0.465622 
0.5511868 
0.645482 
0.732126 
0.816497 

0.898275 
0.977129 
1.032708 
1.124640 
1.192524 

1.255925 
1.314370 
1.367329 
1.414214 

0.00M)00 
0. (I36237 
0.192172 
0.287499 
0.381911 

0.476097 
0. m 7 4 4  
0.05ti727 
0.744114 
0.829104 

0.911320 
0.990210 
1.065441 
1.136501 
1.20323228 

1,264857 
1.320956 
1.370953 
1.414214 
- 

I 

Longitude 50" 
Lati- 
tude 

Longitude 55" Longilnde GO" Longitude 65' Longitude 70' Longitude 75O - 
1 - 

0.000000 
0.109901 
0.219222 
0.327383 
0.433805 
0.537905 
0.639100 
0.736805 
0.830435 
0.019101 
1.003117 
1.080994 
1.152446 
1.2165(17 
1.273745 
1.322449 
1.362449 
1.393206 
1.414214 - 

- 
z 

-. 

). 923497 
).920622 
1.911995 
I. R97621 
1.877502 
I. 851641 
I. S20046 
I. 782723 
I. 739682 
I. 690934 
I. 636495 
I. 576381 
I. 510618 
I. 439?34 
I. 362271 
1.279782 
1.191837 '. 09SX34 
.000000 - 

- 
z 

-~ 

1 

0.000000 
0.106449 
0.212397 
0.317341 
0.420776 
0.522193 
0.621083 
0.716924 
0.809194 
0.897350 
0.980881 
1.059210 
1.131788 
1.198048 
1.257411 
1.309303 
1.3X3126 
1.3R8292 
1.414214 

z z Y 

0.000000 
0. OVSi26 
0. l(X312 
0. 293617 
0.389897 
0.484802 
0.5779S1 
0.669008 
0.767694 
0.813475 
0.926012 
1.004891 
1.079673 
1.149X98 
1.215076 
1.274684 
1.328156 
1.3748S5 
1.414214 

Y 
~- 

0. 0oooo 
0. 100703 
0.201021 
0.300.570 
0.398961 
0.495801 
0.59w91 
0. GX?G76 
0.772979 
0. awl33 

1.021236 
1.095445 
1.164563 
1.228063 
1.285385 
1.3359iO 
1.379104 
1.414214 

a ~ 4 3 8  

Y 

0. 000ow 
0. (M6237 
0.192172 
0.287499 
0.381911 
0.475097 
0.m744 
0. 656527 
0. 714114 
0.829164 
0.911320 
u. 990210 
1.065441 
1.136597 
1.203229 
1.264857 
1.320956 
I. 370953 
I. 414214 

L. 000000 
). 'M827 
).OS7311 
1.971 4 5 8  
). 949282 
1.920800 
I. IisGOBG 
I.814341 
I. 797784 
I. 744377 
I. 684853 
I. 619275 
I. 517723 
I. 470201 
I. 387095 
I. 298274 
I. 20103 
1.101191 
~.000000 
- 

1.074599 
L.071115 
L. 000070 
I. 043276 
I. 018962 
I. 987761 
1.949722 
I. 904904 
1. 853380 
1. 705240 
I. 730590 
I. 659555 
I. 582282 
I. 498947 
I. 409756 
I. 314963 
1.214824 
I. 109700 
I. M)(HMo 
~ 

0.00ouo3 
0.103398 
0.200359 
0.308444 
0.409211 
0.508217 
0.605007 
0.699123 
0 .7m97  
0.877451 
0.9G0693 
1.039318 
1.112s02 
1 .1m1u  
1.242180 
1.296935 
1.3442iG 
1.383581 
1.416214 

1.147153 
1.143342 
1.131919 
I. 112907 
1.086352 
1.052313 
1.010871 
I. 962126 
I. 906201 
1.843242 
I. 773421 
I. 696939 
I. 614031 
I. 524968 
I. 430061 
I. 329669 
I. 224204 
I. 114135 
I. 000000 

1.217523 
L. 213365 
I. 200903 
L. 180179 
!. 151257 
I. 114235 
.. 069235 .. 016411 
I. 955952 
1.888073 
I. 813035 
1.731128 
I. 612692 
I. 548109 
I. 447808 
I. 342275 
I. 232051 
I. 117736 
I. oooo0o 
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TABLE FOR THE CONSTRUCTION OF THE LAMBERT ZENITHAL EQUAL-AREA 

MERIDIONAL PRO JECTION-Continued . 
[Coordinates in units of the esrth's radius.] 

__ I Longitude 75" 

Latitude I- 
2 

0 ............................. 
5 ............................. 
10 ............................ 
15 ............................ 
20 ............................ 
25 ............................ 
30 ............................ 
35 ............................ 
40 ............................ 
45 ............................ 
50 ............................ 
55 ............................ 
60 ............................ 
65 ............................ 
70 ............................ 
75 ............................ 
80 ............................ 
85 ............................ eo ............................ 

1.217523 
1.213365 
1.200903 
1.180179 
1.151257 

1.114235 
1.069235 
1.016411 
0.955952 
0 . m 3  

0.813035 
0.731128 
0.642692 
0.548108 
0.447805 

0.342275 
0.232051 

0 . Mxww)o 
o . i i n 3 6  

Y 

0 . o m  
0.109w1 
0.219222 
0.327383 
0.433805 

0.537905 
0.639100 
0.736805 
0.630435 
0.919401 

1.003117 
1.080994 
1.152445 
1.21Gy87 
1.273745 

1.32249 
1.362449 
1.393206 
1.414214 

Longitude Ma 

2 

1.285575 
1.281044 
1.267469 
1.244912 
1.213472 

1.173297 
1.124542 
1.067459 
1.002308 
0.929400 

0.849094 
0.761799 
0.067970 
0.568115 
0.462796 

0.352628 
0.238279 
0.12047G 
0 . m  

Y 

0 . m 
0.113806 
0.226937 
0.338721 
0.448481 

0.555553 
0.659270 
0.758974 
0.854010 
0.913738 

1.027521 
l.lM745 
1.174806 
1.237122 
1.291138 

1.336326 
1.372193 
1.398291 
1.414214 

Longitude So 

2 

1.351180 
1.346245 
1.331607 
1.3m926 
1.272775 

1.229210 
1.17W91 
1.114934 
1.044910 
0.966848 

0.881231 
0.788602 
0 . Gag552 
0.534727 
0.474823 

0.360588 
0.242811 
0.122324 
o.oooM)o 

Y 

0 . m  
0.118231 
0.235495 
0.351527 
0.465022 

0.575380 
0.681843 
0.783667 
0.880132 
0.970541 

1.054223 
1.130542 
1.198901 
1.258741 
1.309551 

1.350874 
1.382308 
1.403512 
1.414214 

. 
Longitude 90" 

z 

1.414214 
1.408532 
1.392729 
1.3txo25 
1.328926 

1.281713 
1.224745 
1.158456 
1.063351 
1 . ODwoO 

0.909039 
0.811160 
0.707107 
0.597673 
0.483690 

0.366025 
0.245576 
0.123257 
0 . oocow 

Y 

0.000000 
0.123257 
0.245576 
0.386025 
0.483690 

0.597672 
0.707107 
0.811160 
0.909039 
1. OOWOO 

1.083351 
1.1584% 
1.224745 
1.281713 
1.328926 

1.366025 
1.392729 
1.408832 
1.414214 



THE LAMBERT CONFORMAL CONIC PROJECTION WITH TWO STANDARD 
PARALLELS. 
DESCRIPTION. 

[See Plate I .] 
This projection, devised by Johann Heinrich Lambert, first came to notice in his 

Beitrage zum Gebrauche der Mathematik und deren Anwendung, volume 3, Berlin, 
1772. 

_ _ _ _ _ _ _ - _ _ _ _ - - - -  - 
STANDARD PARALLEL (upper) 

LIMITS OF PROJECTION 

FIG. 52.-Lambert conformal conic projection. 
Diagram illustrating the intersection of a cone and sphere along two staudard parallds. Tho ClOmOntS 

of the projwtiori are calculated for the tangent cone and afterwards rcduced in scale so as to produce the 
’ effect of  a secant cone. The parallels that are true to scale do not exactly coincide with those of the w t h ,  
since they are spaced in such a way as to produce conformality. 

Although used for a map of Russia, the basin of the Mediterranean, a8 well as 
for maps of Europe and Australia in Debes’ Atlas, it  was not until the beginning of 
the World War that its merits wcre fully appreciated. 
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The French armies, in order to meet the need of a system of mapping in which 
a combination of minimum angular and scale distortion might be obtained, adopted 
this system of projection for the battle maps which were used by the allied forces in 
their military operations. 

IIISTORICAL OUTLINE. 

Lambert, Joliann Heinricli (1728-1777), physicist, mathematician, and astrono- 
mer, wa? born a t  Rliilhausen, Alsace. He was of liumble origin, and it was entirely 
duo to his owl1 eflorts that he obtairicd his cducntion. In 1764, nfter some years in 
travel, he removed to Berlin, where he recciwd ninny favors at the hand of Frederick 
the Great, arid was elected a member of the Royal Academy of Sciences of Berlin, 
and in 1774 edited the Ephemeris. 

The intro- 
duction of hyperbolic functions to trigonometry mas duc to him, and his discoveries 
in geometry are of great value, as well as liis investigations in physics and astronomy. 
He was also the author of several remarkable theorems on conics, which bear his 
name. 

We are indebted to A. Wangerin, in Ostwald’s Rlnssiker, 1894, for the following 
tribute to Lambert’s contribution to cartography: 

The importance of Lambert’s work consists mainly in the fact that he was the first to make general 
investigations upon the subject of map projection. Iris predecessors liniitctl themsel~es t o  the invept i- 
gations of a singlo method of projection, especially the perspective, ])ut T,amlvrt considrrcd the problem 
of the representation of a sphere upon a plane from a higher standpoint and stated certain general condi- 
tions that the representation was to fulfill, the most important of these lwing the preservation of angles 
or conformality, and equal surface or equivalence. These two properties, of course, cau not  be attained 
in the same projection. 

Although Lambert has not fully developed the theory of these two methods of representation, yet 
he was the first to express clearly the ideas regarding them. The former-conformality-has become of 
the greatest importancd to pure mathematics as well as the natural sciences, but both of them are of great 
significance to the cartographer. It is no more than just, therefore, to date t,he beginning of a new epoch 
in the science of map projection from the appearance of 1,ambert’s work. Not only is his work of im- 
portance for the generality of his ideas but he has also succeeded remarkably well in the results that he 
has attained. 

The name Lambert occurs most frequently in this branch of geography, and, as 
stated by Craig, it is an unquestionable fact that he has done morc for tlic advance- 
ment of the subject in tlie way of inventing ingenious and useful mcthods than all 
of those who have either preceded or followed him. The manner in which Lambcrt 
analyzes nnd solves his problems is very instructive. He has developed several 
metliods of projcction that are not only interesting, but nre to-day in use among 
cartographers, t h o  most important of theso being the one discussed in this chapter.. 

Among tlic projections of unusual merit, tlovisecl by Lambcrt, in ridclitioii to 
the conformal conic, is his zenithal (or tizimuthal) equivalent 1)rojection already 
&scribed in this paper. 

1% had the facility for applying mathem:ttics to practical questions. 

DEFINITION OF ‘rim TERM ‘‘ CONFORMALITY.” 

A conformal projection or development takes its name from the Ilroperty that 
all small or elementary figures found or drawn upon the surface of the enrth reta&i their 
original forms upon tlic projcction. 

This implies tliat- 
All angles between intersecting lines or curves are preserved; 
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For any given point (or restricted locality) the ratio of the length of a linear 
elcment on the earth’s surface to  the length of the corresponding map element is 
constant for all azimuths or directions in which the element may be taken. 

Arthur R. IIinks, 11. A., in his treatise on “Map projections,” defines OTtho-  
morp7&, which is another term for corlf~rinal, as follows: 

If at  any point the scale along the meridian and the parallel is the same (not correct, but the same 
in the two directions) and the parallels and meridians of the map are a t  right angles to one anotlier, then 
the shape of any wry  small area 011 the map is the same as the shape of the corresponding small area upon 
the earth. The projection is then called orthomorphic (right shape). 

The Lambcrt Conformal Conic projection is of the simple conical type in which 
all meridians are straight lines that meet in a common point beyond the limits of 
the map, and the parallels are concentric circles whose center is at  the point of intcr- 
section of the meridians. Meridians and parallels intersect at  right angles and the 
angles formed by any two lines on the earth’s surface are correctly represented on 
this projection. 

It employs a cone intersecting the spheroid at  two parallels known as the stand- 
ard parallels for the area to be represented. In  general, for equal distribution of 
scale error, the standard parallels are chosen at  one-sixth and five-sixths of the total 
length of that portion of the central meridian to bo represented. It may be advisable 
in some localities, or for special reasons, to bring them closer together in ordcr to 
ham greater accuracy in the center of the map at  tho expense of the upper and lower 
border areas. 

\ \ 
I h .  53.--Scale distortion of the 1.aInbert coniormal conic projection with the standard parallels at 

2‘3’ and 45’. 

On thc two sclectcd pnrallels, arcs of longitude arc reprcseiitcd in their true 
lengths, or to esact scdo. Between these parallels the scale will bc too small and 
beyond thom too large. The projection is specially suited for maps having a pre- 
dominating ensbnnd-wcst dimension. For the construction of a map of thc United 
States on this projection, see tables in U. S. Coast and Geodetic Survey Special 
Publication No. 52. 
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FIG. 54.-Scale distortion of the Lambert conformal conic projection with the standard parallels at 
33' and 45'. 

The chief advantage of this projection over the polyconic, as used by several 
Government bureaus for maps of the United States, consists in reducing the scale 
error from 7 per cent in the polyconic projection to 23 or I+ per cent in the Lambert 
projection, depending upon what parallels are chosen as standard. 

The maximum scale error of 23 per cent, noted above, applies to a base map of 
the United States, scale 1 : 5 000 000, in which the parallels 33" and 45" north latitude 
(see fig. 54) were selected as standards in order that the scale error along the central 
parallel of latitude might be small. As a result of this choice of standards, the 
maximum scale error between latitudes 303" and 473" is but one-half of 1 per cent, 
thus allowing that extensive and most important part of the United States to be 
favored with unusual scaling properties. The maximum scale error of 23 par cent 
occurs in southernmost Florida. The scale error for southernmost Texas is some- 
what less. 

With standard parallels at  29" and 45" (see fig. 53), the maximum scale error for 
the United States does not exceed 1% per cent, but the accuracy at  the northern and 
southern bordels is acquired at the expense of accuracy in the center of the map. 

GENERAL OBSERVATIONS ON THE LAMBERT PROJECTION. 

In the construction of a map of France, which was extended to 7" of longitude 
from the middle meridian for purposes OI comparison with the polyconic projection 
of the same area, the following results were noted: 

Maximum scde error, Lambert =0.05 per cent. 
Maximum scale error, polyconic=6.32 per ccnt. 

AAimuthal and right line tests for orthodrome (great circle) also indicated n. 
preference for the Lambert projection in these two vital properties, these tests 
indicating accuracies for the Lambert projection well within the errors of map con- 
struction and paper distortion. 

In respect to areas, in a map of the United States, it should be noted that while 
in the polyconic projection they are misrepresented along the western margin in one 
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dimension (that is, by meridional distortion of 7 per cent), on the Lambert projec- 
tion *O they are distorted along both the parallel and meridian as we depart from the 
standard parallels, with a resulting maximum error of 5 per cent. 

In the Lambert projection for the map of France, employed by the allied forces 
in their military operations, the maximum scale errors do not exceed 1 part in 2000 
and are practically negligible, while the angles measured on the map are practically 
equal to those on the earth. It should be remembered, however, that in the Lambert 
conformadl conic, as well as in all other conic projections, the scale errors vary increas- 
ingly with the range of latitude north or south of the standard parallels. I t  follows, 
then, that this type of projections is not suited for maps having extensive latitudes. 

AREAS.-FOr areas, as stated before, the Lambert projection is somewhat better 
than the polyconic for maps like the one of France or for the United States, where we 
have wide longitude and comparatively narrow latitude. On the other hand, areas 
are not represented as well in the Lambert projection or in the polyconic projection 
&S they are in the Bonne or in other conical projections. 

For the purpose of equivalent areas of large extent the Lambert zenithal (or 
azimuthal) equal-area projection offers advantages desirable for census or statistical 
purposes superior to other projections, excepting in areas of wide longitudes com- 
bined with narrow latitudes, where the Albers conical equal-area projection with two 
standard parallels is preferable. 

In  measuring areas on a map by the use of a planimeter, the distortion of the 
paper, due to  the method of printing and to changes in the humidity of the air, 
must also be taken into consideration. It is better to disregard the scale of the map 
and to use the quadrilaterals formed by the latitude and longitude lines as units. 
The areas of quadrilaterals of the earth’s surface are given for Merent  extents of 
latitude and longitude in the Smithsonian Geographical Tables, 1897, Tables 25 to 29. 

It follows, therefore, that for the various purposes a map may be put to, if the 
property of areas is slightly sacrificed and the several other properties more desirable 
are retained, we can still by judicious use of the planimeter or Geographical Tables 
overcome this one weaker property. 

The idea seems to prevail among many that, while in the polyconic projection 
every parallel of latitude is developed upon its own cone, the multiplicity of cones SO 

employed necessarily adds strength to the projection; but this is not true. The ordi- 
nary polyconic projection has, in fact, only one line of strength; that is, the central 
meridian. 

The Lambert projection, on the other hand, employs two lines of strength which 
are parallels of latitude suitably selected for the region to be mapped. 

A line of strength is here used to denote a singular line characterized by the fact 
that the elements along it ore truly represented in shape and scale. 

In this respect, then, it is no better than the Bonne. 

COMPENSATION OF SCALE ERROR. 

In the Lambert coriformnl conic projection we may supply a border scale for 
each parallel of latitude (scc figs. 53 and 54), and in this way the scale variations may 
be accounted for when oxtremc accuracy becomes necessnry. 

.~ 

20 In the Lnmbcrt projcction, every point has u sciilo factor characteristic of that point, so that the tuea of any rnstricted lwality _ .  
is reprsented by the expression 

* r o ~  mensurcd area on map. 
‘(scale factor)% 

Without a howledge of scalo errors in projections that aro not equivalent, erroncorn rasults in 8rea.s we often obtnlned. In the 
table on p. 55, “Maximum error of men,” only tho Lnmbert zenithal and the Alhors projections we equivalent, the polyconic and 
and Lambert conformal being projections that have errors in 

5.&157~--34-4 ’ 
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With a Imowledge of the scale factor for every parallel of latitude on a map of 
the united States, any sectional sheet that is a true part of the whole may have its 
Own ga,phic scale apI)lied to it. In  that case the small scde error esisting in the 
map as a whole hecomes practically negligil~le in its sectional parts, and, although 
these parts ha\Te graphic scales that are slightly 1-ariant, they fit one another exactly. 
The sj7stem is thus truly progressive in its layout, and with its straight meridians 
and properties of conformdity gives a preckioii that is unique and, within snctions 
of 20 to 40 in extent, answers every requirement for knowledge of orientation and 
distances. 

Caution should be exercised, however! in the use of the Lamhert projection, or 
any conic projection, in large areas of wide latit,udes, the system of projection not 
being suited to this purpose. 

The estent to which the projection may be carried in longitude 21 is not limited, 
a property helonging to this general class of siugle-cone projections, but not found 
in the polyconic, where adjacent sheets have a "rolling fit" because the meridians 
are cumed in opposite directions. 

The question of choice between the Lambert and the polyconio system of pro- 
jection resolves itself largely into a study of the shapes of tho areas involved. The 
merits and defects of the Lambert and the polyconic projections may briefly be 
stated as being, in a general way, in opposite directions. 

The Ilambert conformal conic projection has unquestionably superior merits for 
maps of ostended longitudes when the property of conformality outweighs the prop- 
erty of equivalence of areas. All elements retain their true forms and meridians 
and parallels cut a t  right angles, the projection belonging to the same general formula 
as the Mercator and stereographic, which have stood the test of time, both being 
lilrewise conformal projections. 

It is an obvious advantage to the general accuracy of the scale of a map to have 
two standard parallels of true lengths; that is to say, two axes of strength instead 
of one. As an additional asset all meridians are straight lines, as they should be. 
Conformal projections, escept in special cases, are generally of not much use in mall 
making unless the meridians are straight lines, this property being an almost in&+ 
pensable recpurcment where orientation becomes a prime clement. 

Furthermore, the projection is readily constructed, free of complex curves and 
deformations, and simple in use. 

It would be a hotter projection than the Mercator in the higher latitudes when 
charts have extended longitudes, and when the latter (Mercator) becomes objection- 
ahlc. It can not, however, displace the latter for general sailing purposes, nor can 
it displace the gnomonic (or c.entral) projection in its application and use to navi- 
gation. 

ThanBs to the French, it has again, after a century and a cjuarter, been brought 
to prominent notice a t  the expe~ise, perhaps, of other projections that are not con- 
formal-projections that misrepresent forms when carried beyond certain limits. 

- 
21 A map (chart No. 3070,900 Plat0 1) on the LmhCrt conformal Conic projection of tho North Atlnntic Ocean, including the 

eastern part of tho Unitod Statw and the greater Part of Europo, has 1)eeu prepared by tho Coast and Geodetic Gurrrcy. Tihe 
weatcrn limits arc Duluth to Now Orleans; tho enstorn limits, Bagdad to Cniro; cxtcriding from Greenland in tho north to tho 
West Indies in the south; scale 130 Mw) Mw). Tho sekctcd standard parallels arc 30" and 54' north latitude, I,otil these parnucls 
k i n g ,  therefore, truc scalo. The scale on pnrallcl45' (middle parallel) is hut la per cent too small; hcyond the standard p a d e b  
the scale is increasingly large. This I m p ,  on certain other well-known projections covering tho  same arca, would have d$tor- 
tions and scalo errors so great as to roudcr their us0 inadmimil)le. It is not iutendcd for navigational purposes, i)ut con. 
structed for the ilso of another department of tho Government, and is designed to hring tho tWo oontinents virc&.vis in aR approxi- 
motcly true relation and scale. The projection is h s c d  011 the rigid formula of L~IJI~JCT~ and covers a rwge of longitude of 
degrees 011 tho middle parallel. Plate I is a reduction of chart No. 3070 to  approximate scnlo I : 25 500 000. 
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Tinless these latter types possess other special advantages for a subject a t  haii(i, 
such as the polyconic projection which, besides its special properties, has certain 
tabular superiority arid facilities for constructing field sheets, they will sooner or 
later fall into disuse. 

On all recent French maps the name of the projection appears in the margin. 
This is excellent practice and should be followed at  all times. As diflerent projec- 
tions have different distinctive properties, this feature is of no small value and may 
serve as a guide to an intelligible appreciation of the map. 

In the accompanying plate (No. 1),22 North Atlantic Ocean on a Lambert con- 
formal conic projection, a number of great circles are plotted in red in order that 
their departure from a straight line on this projection may be shown. 

GREAT-CIRCLE COURSES.-A great-circle course from Cape Hatteras to the English 
Channel, which falls within the limits of the two standard parallels, indicates a de- 
parture of only 15.6 nautical miles from a straight line on the map, in a total distance 
of about 3,200 nautical miles. The departure of this line on a polyconic projection 
is given as 40 miles in Lieut. Pillsbury's Charts and Chart Making. 

I ~ S T A N C E S . - T ~ ~  computed distance nom Pittsburgh to Constantinople is 5,277 
statute miles. The distance between these points us measured by the graphic scale 
on the map without applying the scale factor is 5,258 statute miles, a resulting error 
of less tliaii four-tenths of 1 per cent in this long distance. By applying the scale 
factor true results may be obtained, though it is hardly worth while to work for 
closer results when errors of printing and paper distortion frequently exceed the 
above percentage. 

The parallels selected as standards for the map are 36" and 54" north latitude. 
The coordinates for tho construction of a projection with these parallels as standards 
are given on page 85. 

CONSTRUCTION OF A LAMBERT CONFORMAL CONIC PROJECTION 

FOR A MAP OF THE UNITED STATES. 

The mathematical development aiid the general theory of this projection are 
given in U. S. Coast and Geodetic Survey Special Publications Nos. 52 and 53. 
The method of construction is given on pages 20-21, and the necessary tables on 
pages 68 to 87 of the former publication. 

Another simple method of construction is the following one, which involves 
the use of a long beam compass and is hardly applicable to scales larger than 
1 : 2 500 000. 

Draw a line for a central meridian sufficiently long to  include the center of 
the curves of latitude and on this line luy off the spacings of the partillels, as taken 
from Table 1, Special Publication No. 52. With u beam compass set to the values 
of the radii, the parallels of latitude can be described from a common center. 

(By computing chord distances for 25' of arc on the upper and lower palallels of latitude, the method 
of construction and subdivision of the meiidianns is tlie same as that described under the hcading, For 
small scale m p s ,  p. 84.) 

I-Iowever, instead of establishing the outer meridians by chord distnrices on 
the upper aiid lower parallels we can determine these rneridians by the following 
simple process : 

Assume 39" of latitude as the central parallel of the map (see fig. 55), with 
an upper and lower parallel located a t  24" and 49". To find on parallel 24' the 

22 Sco footnote on p. 82. 
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intersection of the meridian 25' distant from the central meridian, lay off on the 
central meridian the value of the y coordinate (south from the thirty-ninth parallel 
1 315 273 meters, as taken from the tables, page 69, second column, opposite 25'), 
and from this point strike an arc with the z value (2 581 184 meters, first column). 

- 

Latitude 

51 
50 * * 
23 
22 

FIG. 55.-Diagram for constructing a Lambert projection of Rmall male. 

The intersection with parallel 2 4 O  establishes the point of intersection of the parallel 
and outer meridian. 

I n  the same manner establish the intersection of the upper parallel with the 
same outer meridian. The projection can then be completed by subdivision for 
intermediate meridians or by extension for additional ones. 

The following values for radii and spacings in addition to those given in Table 
1,  Special Publication No. 52, may be of use for extension of the map north and 
south of the United States: 

Radius fipacmgs from 39' 

6 492 973 
6 (345 970 * *  * * *  * * *  * * *  * 
9 615 911 1786 G33 
9 730 456 1801 178 

~ 

1 336 305 
1 223 308 

FOR SMALL SCALE MAPS. 

In  the construction of a map of the North Atlantic Ocean (see reduced copy 
on Plate I), scale 1 : 10 000 000, the process of construction is very simple. 

Draw a line for a central meridian sufficiently long to include the center of 
the curves of latitude so that these curves may be drawn in with a beam compass 
set to the respective values of the radii as taken from the tables given on page 85. 
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50.. ......................... .................................................... 
45.. ......................... .................................................... 
48.. ......................... .................................................. 
35.. ......................... ..................................... ................. 
30.. ....................................................................... ................. 
25. ........................................................................ ................. 
20.. ................................................................................................. 
15.. ................................................................................................. 

To determine the meridians, a chord distance 

5 734 157.3 
62S3826.1 
6 833 182.5 
73862W.O 
7 946 910.9 
8 519 064.7 
9 106 795.8 
9 714 518.9 

puted and described from and on each side of the central meridian on a lower parallel 
of latitude; preferably this chord should reach an outer meridian. The angle e equals 
1 h, in which h is the longitude out from the central meridian and r is the radius of the 
parallel in question. 

By means of a straightedge the points of intersection of the chords at  the outer 
ends of a lower parallel can be connected with the same center as that used in de- 
scribing the parallels of latitude. This, then, will determine the outer meridians of 
the map. The lower parallel can then be subdivided into as many equal spaces 
as the meridional interval of the map may require, and the meridians can then be 
drawn in as straight lines to  the same center as the outer ones. 

If a long straightedge is not available, the spacings of the meridians on the 
upper parallel can be obtained from chord distance and subdivision in a similar 
manner to that employed on the lower parallel. Lines drawn through corresponding 
points on the upper and lower parallels will then determine the meridians of the 
map. 

This method of construction for small-scale maps is far more satisfactory than 
the one involving rectangular coordinates. 

Another method for determining the meridians without the computation of 
chord distances has already been described. 

TABLE FOR THE CONSTRUCTION OF A LAMBERT CONFORMAL CONIC PROJECTION WITH 
STANDARD PARALLELS AT 36' AND 54'. 

On parallel 30°, the chord of 65 degrees = 6 230 277 meters. 

[Thls table was used in the constrnction of U. 9. Coast and Geodetic Survey Chart No. 3070, North Atlantic Ocean, scale 1:lO OOO OOO. 
See Plate I for reduced copy.] 

[t-0.710105; log 1-9.8513225; log lir-7.0685567.1 
_______. .- I Radii 1 Spnrhy of 

Latitude parnl CIS 

Y 

dfelers 
15 2% 
60 955 

136 930 
242 887 
378 417 

2 Y 

Meters Melers ............................ ............................ ............................ 
............................ ............................ 

1101052.3 

SO., ....................................... 
35 ......................................... 
40 ......................................... 
45.. ....................................... 
50 ......................................... 
55 ......................................... 
60 ......................................... 
65 ......................................... 
70 ......................................... 
75 ......................................... 
80 ......................................... ......................................... 85 
00. ........................................ 

549 668.8 
OOOOOO.0 
549 356.4 

1 102 423.9 
1 663 C84.8 
2 235 238.6 
2 822 969.7 
3 430 689.8 

1 676 851 315 377 2 887 132 
1939939 427 470 3340105 
2 195 579 555 052 3 780256 
2 442 790 6W415 4205894 
2 680625 858210 4615387 
3908169 1031 430 5007183 
3 124549 1218408 6379716 
3 32893'1 1418428 5731616 
3 520539 1030721 6061515 
3698630 1854473 0368146 
3 862522 2088825 
4011588 2342875 
4145251 2585689 .............. 

.............. .............. 

1 Coordinates of parallel 60" 1 Coordinntes of pnrallel30" I Coordinntes of paralle140° 

1775 872 
2 097 804 
2 442 190 
2 SO7 708 
3 192 953 

............ 

............ ............ 

Longitude 

............................ ............................ ............................ ............................ 

............................ 
5 718312 3092422 
5938997 3 153728 
6 136881 38'28010 

6. ........................................ 
10.. ....................................... 
15.. ....................................... 
25 ......................................... m. ........................................ 

Metera 
2 8  837 
570 576 
853 125 

1 132 400 
1 407 327 

Meters 
8 859 

35 4m 
79 5!29 

141 069 
219 785 

Meters 
432 142 
982 394 

1 468 87E 
1949 716 
2 423 076 

543 MI2 
736 010 
050 699 

1477 630 
1 204 2211 
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SCALE ALONG THE PARALLELS . 
Latitude-Degrees . 
20 ................. 
30.-.  .............. 
36 ................. 
40 ................. 
45 ................. 

Srale factor . 
....................... 1.079 
....................... 1.021 
....................... 1.000 
....................... 0.902 
....................... 0.988 

Latitude-lhgrws . Scale factor . 
50 ........................................ 0.991 
54 ........................................ 1.000 
GO ........................................ 1.022 
70 ........................................ 1.113 

(To correct distances measured with graphic scale. divide by scale factor.) 

TABLE FOR TIEE CONSTRUCTION OF A LAMBERT CONFORMAL CONIC PROJECTION WITH 
STANDARD PARALLELS AT 10' AND 48' 40'. 

[This tahle was iwd in the constniction of a map of the Northern and Southern Hemispheres . See Plntc VII.] 

[ k j ;  log K-;7.1369624.] 

Latitude 

I 

. 

Degrees 
0 ........................ 
1 ........................ 
3 .............. 
4 .............. 
5 ........................ 
6 ........................ 
7 ........................ 
8 ........................ 
9 ........................ 

10 ........................ 
11 ........................ 
12 ........................ 
13 ........................ 
1 4  ........................ 
15 ........................ 
16 ........................ 
17 ........................ 
I8 ........................ 
19 ........................ 

23 ........................ 
24 ........................ 
25 ........................ 
26 ........................ 
27 ........................ 
28 ........................ 
29 ........................ 
30 ........................ 
31 ........................ 
32 ........................ 
33 ........................ 
34 ........................ 
35 ........................ 
36 ........................ 
37 ........................ 

40 ........................ 

Radius 

___ 
Metcrs 
13 707 631 
13 589 325 
13 472 OOF, 
13 355 628 
13 240 149 

13 125 526 
13 011 719 
12 898 693 

12 674 819 

12 563 899 

12 234 7GF 
12 128 148 

12 018 025 

11 803 114 
11 696 264 
11 589 778 

11 4% 614 
11 377 751 
11 272 153 
11 166 792 
11 081 628 

10 956 042 
10 851 795 

10 642 400 
10 537 791 

10 433 197 
10 328 587 
10 22.7 929 

10 014 334 

9 SOI) 333 
9 804 151 
9 698 751 
9 593 loo 
9 487 161 
9 381 896 

12 786 400 

12 453 605 
12 343 906 

11 gin 357 

i n  747 059 

in  119 186 

Difference 

Mans 
118 306 
117 319 
118 378 
115 479 
114 623 

113 807 
113 026 
112 287 
111 587 
110 020 

110 204 
109 609 
109 140 
108 818 
108 123 

107 688 
107 243 
106 850 
106 486 
106 164 

105 863 
105 598 
105 361 
105 164 
104 986 

104 847 
104 736 
i n 4  6.59 
io4 609 
in4  594 

in1 610 
in4  658 
104 743 
104 8.52 
105 002 

105 181 

105 939 
106 205 

in5 400 
in5 6.51 

Srale 
along the 
parallel 

1.0746 
1.0655 
1.0567 
1.0484 
1 . 0404 

1.0328 
1.0256 
1.0187 
1.0121 
1.0059 

1.oooO 
0.0044 
0.9891 
0.9842 
0.9795 

0.0781 
0.9711 
0.9673 
0.9638 

0.0576 
0.9550 
0.9526 
0.9505 
0.9487 

0.9471 
0.9459 
0.9449 
0.9442 
0.9437 

0.9436 

0.9442 
0.9449 
0.9459 

0.9473 
0.9489 

0.9631 
0.9557 
0.9586 

n . ~ G O G  

n . 9437 

0 .~508  

Latitude Radius 

Drgrrrs 
40 ....................... 
4 1  ....................... 

44 ............ 
45 ....................... 
46 ....................... 
47 ....................... 
48 ....................... 
49 ....................... 
50 ....................... 

57 ....................... 
54 ....................... 
55 ................... 
56 ....................... 
57 ....................... 
58 ....................... 
59 ....................... 
60 ....................... 
61 ....................... 
62 ....................... 
63 ....................... 
64 ....................... 

70 ....................... 
71 ....................... 
72 ....................... 
73 ....................... 
74 ....................... 
75 ....................... 
76 ....................... 
77 ....................... 
79 ....................... 
80 ....................... 
81 ....................... 
82 ....................... 
48' 30' ................... 

Jfflrrs 
9 380 896 
9 274 267 
9 167 236 
9 059 763 
8 951 802 

8 843 311 
8 734 252 
8 624 569 

8 403 148 

8 291 302 
8 178 630 

7 950 560 
7 835 042 

7 718 438 
7 600 679 
7 481 684 
7 361 378 
7 219 665 

7 116 454 
6 IM1642 
6 865 117 
6 736 762 
6 606 446 

6 474 028 
6 339 352 
6 202 249 
6 062 531 
5 919 986 

5 774 384 
5 625 463 
5 472 924 
5 316 433 
5 155 604 

4 989 992 
4 819 073 
4 642 237 
4 458 752 
4 267 727 

3 858 419 
3 ti36 997 

8 458 879 

8 514 no 

8 065 070 

4 068 075 

Differencc 

Jfcelers 
106 629 
in7 031 
in7 473 

in8 491 

in9 059 

110 349 

107 961 

109 683 

111 072 
111 S46 

112 672 
113 560 
114 510 
115 51R 
116 GO4 

117 759 
118 993 

121 713 
123 211 

124 812 
E6 525 
128 355 
130 316 
132 418 

134 676 
137 103 
139 718 
112 545 
146 602 

148 922 
152 538 
15F 491 
164 82!) 
165 612 

im 308 

170 919 
176 836 
183 4lL5 
191 025 
199 652 

209 656 
221 422 

== 
S~alo 

h n g  tho 
parallel - 

0.9586 
0.9619 
0.9656 
0.9696 
0.0740 

0.0787 
0.9E79 
0.9X9G 
0.wm 
1.0021 

1.0082 
1.0167 
1.0248 
1.0.734 
1.0426 

1.0525 
1.w0 
1.0743 
1.0863 
1.0992 

1.1129 
1.1276 
1 . 1433 
1.1601 
1.1782 

1.1975 
1.2184 
1.2408 
1.2650 
1.2912 

1.3195 
1.35 
1.38 
1.42 
1.46 

1.51 
1.56 
1.61 
1.67 
1.75 

1.83 
1.93 
2.04 

0 . By88 - . 



THE GRID SYSTEM OF MILITARY MAPPING. 

A grid system (or quadrillage) is a system of squares determined by the rectangular 
coordinates of the projection. This system is referred to one origin and is extendcd 
over the whole arca of the original projection so that every point on the map is 
coordinated both with respcct to its position in a given square as well as to  its posi- 
tion in latitude and longitudc. 

Thc orientation of all sectional sheets or parts of the general map, wherever 
located, and on any scale, conforms to the initial meridian of thc origin of coordinates. 
This systcm adapts itself to the quick computation of distances between points 
whose grid coordinates are given, as well as the determination of tho azimuth of a 
line joining any two points within artillery range and, hence, is of great value to  
military operations. 

The system was introduced by thc First Army in Prance under the name 
" Quadrillage kilomhtrique systhme Lambert," and manuals (Special Publications 
Nos. 47 and 49, now out of print) containing method and tables for constructing 
the quadrillage, were prcparcd by thc Coast and Gcodetic Survey. 

As the French divide thc circumference of the circle into 400 gradcs instead of 
360°, certain essential tables were included for the coilversion of degrees, minutes, 
and seconds into grades, as well as for miles, yards, and fcet into their mctric cquiva- 
lcnts, and vice versa. 

The advantage of tho decimal system is obvious, and its estcnsion to  practical 
cartography merits considcration. The quadrant has 100 gradcs, and instead of 
8" 39' 56", we can write dccimally 8.6254 gradcs. 

GRID SYSTEM FOR PROGRESSIVE MAPS IN THE UNITED STATES. 

The Frcnch systcm (Lambert) of military mapping prcscntcd a number of 
features that were not only rather new to  cartography but were specially adapted 
to the quick computation of distances and azimuths in military opcrations. Among 
thcsc fcaturcs may bc mentioncd: (1) A conformal system of map projection which 
formed tho basis. Although dating back to 1772, the Lambert projection remained 
practically in obscurity until the outbreak of the World War; (2) the advantage of 
one reference datum; (3) the grid system, or system of rcctangular coordinates, 
alrcady described; (4) the use of the centesimal system for graduation of the cir- 
cumference of thc circlc, aiid for tho expression of latitudcs and longitudes in place 
of the sexagcsiinal systcm of nsual practice. 

While thcsc departures from conventional mapping offered many advaiitages 
to  an area like the French war zone, with its possible eastcrn extension, military 
mapping in the Unitcd Statcs presented problems of its own. Officcrs of thc Corps 
of Enginecrs, U. S. Army, and the Coast and Geodetic Survey, foreseeing the needs 
of as small allowable error as possible in a system of map projection, adopted a 
succession of zones on the polyconic projection as the best solution of the problem. 

Theso zoiies, seven in number, extend north and south across the United States, 
covering each a range of 9" of longitude, and have overlaps of 1" of longituds with 
adjacent zones east and west. 
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FIG. 57.-Diagram of zone C, showing grid system. 
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A grid system similar to the French, as already described, is projected over the 
whole area of each zone, The table of coordinates for one zone cnn be used for any 
other zone, as each has its own central meridian. 

The overlapping area can be shown on two sets of maps, one on each grid system, 
thus making it possible to have progressive maps for each of the zones; or the two 
grid systems can be placed in different colors on the same overlap. The maximum 
scale error within any zone will be about one-fifth of 1 per cent and can, therefore, 
be considered negligible. 

The system is styled progressive military mapping, but it is, in fact, an inter- 
rupted system, the overlap being the stepping-stone to a new system of coordinates. 
The grid system instead of being kilometric, as in the French system, is based 011 

units of 1000 yards. 
Por description and coordinates, see U. S. Coast and Geodetic Survey Special 

Publication No. 59. That publication gives the grid coordinates in yards of the 
intersection of every fifth minute of latitude and longitude. Besides the grid system, 
a number of formulas and tables essential to military mapping appear in the publi- 
ca tioii. 

Tables have also been about 75 per cent completed, but not published, giving 
the coordinates of the minute intersections of latitude and longitude. 



THE ALBERS CONICAL EQUAL-AREA PROJECTION WITH TWO STANDARD 
PARALLELS. 

DESCRIPTION. 

[See Plate 111.1 

This projection, devised by AlbersZ3 in 1805, possesses advantages over others 
now in use, which for many purposes gives it a place of special importance in carto- 
graphic work. 

I n  mapping a country like the United States with a prcdominuting east-and-west 
extent, the Albers system is peculiarly applicable on account of its many desirable 
properties as well as the reduction to a minimum of certain unavoidable errors. 

The projection is of the conical type, in which thc meridians arc straight lines 
that meet in a common point beyond the limits of the map, and the parallels are 
concentric circles whose center is at  the point of intersection of the meridians. Merid- 
ians and parallels intersect a t  right angles and the arcs of longitude along any given 
parallel are of equal length. 

It employs a cone intersecting the spheroid at  two parallels known as the 
standard parallels €or the area to be represented. I n  general, for equal distribution 
of scale error, the standard parallels are placed within the area represented at 
distances from its northern and southern limits each equal to one-sixth of the total 
meridional distance of the map. It may be advisable in some localities, or for 
special reasons, to bring them closer together in order to have greater accuracy 
in the center of the map at  the expense of the upper and lower border areas. 

On the two selected parallels, arcs of longitude are represented in their true 
lengths. Between the selected parallels the scale along the meridians will be a trifle 
too large and beyond them too small. 

The projection is specially suited for maps having a predominating east-and- 
west dimension. Its chief advantage over certain other projections used for a map 
of the United States consists in the valuable property of equal-area representation 
combined with a scale error 24 that is practically the minimum attainable in any 
system covering this area in a single sheet. 

I n  most conical projections, if the map is continued to the pole the latter is 
represented by the apex of the cone. In  the Albers projection, however, owin! to  tho 
fact that conditions are imposed to hold the scale exact along two parallels Instead 
of one, as well as the property of equivalence of area, it becomes necessary to give up 
the requirement that the pole should be representred by the apex of tho cone; this 

23 Dr. H. C .  Albers, the invcntor of this projection, was a native of Liineburg, Germany. Several nrticlcs by him on tho subject 
o f m p  projections nppcared in Zach’s Monntliche Corrospondenz during the year 1805. Very Iittlc is kriown about him, not cven 
his full name, the tttle “doctor” being used with hls namo by Germain about 1885. A book of 40 pages, eiititlcd Unterricht im 
Schachsspicl (Instruction tu Chess Playing) by H. C .  Albers, Liineburg, 1821, may have been the work of the invcntor of this 
projection. 

24 Tho standnrds ehoscn for a map of thc United Status on tho Albers projcctioll arc pnrnllels 295’and 45&’, nnd this selcction 
provides for a scale orror slightly lcss than 1 per cent in the center of the map, with a maximum of I f  per a n t  along tho uorthcrn 
aud southcrn bordcrs. This arrangcmcrlt of tho standards also places them at an cvcn 30-1uinutc interval. 

The staudards in this system of projcction, as in thc Lambcrt conformal conic projcction, call bo placed at will, and by I d  

favoring the ccntrnl or more important pnrt of the Unitcd States a maximum scalc error of somcwliat less tbnn If pcr cent might be 
obtained. Prof. IIartl suggests tho plactng of tho standards so that thc total length of thc ccntrnl meridlan rcmnin true, and this 
arrangement would bo ideal for n country mcrc reetaiyllar in shape with predominating est-and-wcst dimensions. 
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means that if the map should be continued to the pole the latter would be repre- 
sented by a circle, and the series of triangular graticules surrounding the pole would 
be represented by quadrangular figures. This can also be interpreted by the state 
ment that the map is projected on a truncated cone, because the part of the cone 
above the circle representing the pole is not used in the map. 

The desirable properties obtained in mapping the United States by this system 
may be briefly stated as follows: 

1. As stated before, it is an equal-area, or equivalent, projection. This means 
that any portion of the map bears the same ratio to the region represented by it that 
any other portion does to its corresponding region, or the ratio of any part is equal 
to the ratio of area of the whole representation. 

2. The maximum scale error is but l a  per cent, which amount is about the 
minimum attainable in any system of projection covering the whole of the United 
States in a single sheet. Other projections now in use have scale errors of as much 
as 7 per cent. 

The scale along the selected standard parallels of latitude 294' and 453' is true. 
Between these selected parallels, the meridional scale will be too great and beyond 
them too small. The scale along the other parallels, on account of the compensation 
for area, will always have an error of the opposite sign to the error in the meridional 
scale. It follows, then, that in addition to  the two standard parallels, there are at 
any point two diagonal directions or curves of true-length scale approximately at  
right angles to each other. Curves possessing this property are termed isoperimetric 
curves. 

With a knowledge of the scale factors for the different parallels of latitude it 
would be possible to apply corrections to certain measured distances, but when we 
remember that the maximum scale error is practically the smallest attainable, 
any greater refinement in scale is seldom worth while, especially as errors due to 
distortion of paper, the method of printing, and to changes in the humidity of the 
air must also be taken into account and are frequently as much as the maximum 
scale error. 

It therefore follows that for scaling purposes, thc projection under consideration 
is superior to  others with the exception of the Lambert conformal conic, but the latter 
is not equal-area. It is an obvious advantage to the general accuracy of the scale 
of a map to ham two standard parallels of latitude of true lengths; that is to  say, 
two axes of strength instead of one. 

Caution should bc exercised in the sclection of standards for the use of this 
projection in large areas of wide latitudcs, as scale errors vary increasingly with the 
range of latitude north or south of the standard parallels. 

3. The meridians are straight lines, crossing the parallels of concentric circles 
at right angles, thus preserving the angle of the meridians and parallels and facili- 
tating construction. The intervals of the parallels depend upon the condition of 
equal-area. 

The time required in the construction of this projection is but a fraction of that 
employed in other well-known systems that have far greater errors of scale or lack 
the property of equal-area. 

4. The projection, besides the many other advantages, does not deteriorate as 
we depart from the central meridian, and by reason of straight meridians it is easy 
at any point to  measure a direction with the protractor. In other words it is adapted 
to indefinite east-and-west extension, a property belonging to this general class of 
single-cone projections, but not found in the polyconic, where adjacent sheets con- 
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structed on their own central meridians have a “rolling fit,” because meridians are 
curved in opposite directions. 

Sectional maps on the Albers projection would have an exact fit on all sides, 
and the system is, therefore, suited to  any project involving progressive equal-area 
mapping. The term “sectional maps” is here used in the sense of separate sheets 
which, as parts of the whole, are not computed independently, but with respect to 
the one chosen prime meridian and fixed standards. Hence the sheets of the map 
fit accurately together into one whole map, if desired. 

The first notice of this projection appeared in Zach’s Monatliche Correspondenz 
zur Beforderung der Erd-und Himmels-Eunde, under the title Beschreibung einer 
neuen Kegelprojection von H. C. Albers,” published at  Gotha, November, 1805, 
pages 450 to 459. 

A more recent development of the formulas is given in Studien uber fliichentreue 
Eegelprojectionen by Heinrich Hartl, Mittheilungen des I(. u. K. Militar-Geograph- 
ischen Institutes, volume 15, pages 203 to 249, Vienna, 1895-96; and in Lehrbuch 
der Landkartenprojectionen by Dr. Norbert Hem, page 181, Leipzig, 1885. 

It was employed in a general map of Europe by Reichard at Nuremberg in 1817 
and has since been adopted in the Austrian general-staff map of Central Europe; 
also, by reason of being peculiarly suited to a country like Russia, with its large 
extent of longitude, it was used in a wall map published by the Russian Geographical 
Society. 

An interesting equal-area projection of the world by Dr. W. Behrmann appeared in Peterrnanns 
Mitteilungen, September, 1910, plate 27. In this projection equidistant standard parallels are chosen 
30° north and south of the Equator, the projection being in fact a limiting form of the Albers. 

In  view of the various requirements a map is to fulfill and a careful study of the 
shapes of the areas involved, the incontestible advantages of the Albers projection for 
a map of the United States have been sufficiently set forth in the above description. 
By comparison with the Lambert conformal conic projection, we gain the practical 
property of equivalence of area and lose but little in conformality, the two projections 
being otherwise closely identical; by comparison with the Lambert zenithal we gain 
simplicity of construction and use, as well as the advantages of less scale error; a 
comparison with other familiar projections offers nothing of advantage to these 
latter except where their restricted special properties become a controlling factor. 

MATHEMATICAL THEORY OF THE ALBERS PROJECTION. 

If a is the equatorial radius of the spheroid, E the eccentricity, and 9 tho latitude, 

a (1 -e2) 

the radius of curvature of the meridian 25 is given in the form 

Pm= (1 - 62 s h z  9)3 /z ’  

and the radius of curvature perpendicular to the meridian 25 is equal to  

a pn = 2’ r- 112 - 
(1--e sin (o) 

~~ 

XaSee U. 8. Cosst and QeodetIc Survey Speclal Publication No. 57, pp. 9-10. 
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The differential element of length of the mcridian is therefore equal to the 
expression 

a (1 --e2) dcp 
(1 - €2 sin2 p p ’  dm = 

and that of the parallcl becomes 

a cos ~p ax 
(1 - €2 sin2 c p )  112’ 

a p  = 

in which 1 is the longitudc. 
The element of area upon the spheroid is thus expressed in thc form 

a2 (1--2)C0scpdcpdX 
(1 - €2 sin2 c p ~  

* ds=dm ap= 
Wo wish now to dctcrminc an equal-aroa projcction of thc spheroid in the planc. 
If p is tho radius vector in thc planc, and 0 is the anglc which this radius vcctor 

makes with somc initial line, the elemcnt of area in 

as’ = p  ap de. 

p and 8 must be cxprcsscd as functions of cp and 

the planc is given by tho form 

A, and thcrcforo 

and 

bP bP ap=- ap+- ah acp ax 
be be de=- acp+- ax. acp ax 

Wc will now introduce the condition that tho parallals shall bc reprcsentcd by 
concentric circles; p will therefore be a function of cp alonc, 
or 

bP 
bcp ap = - acp. 

As a sccond condition, we requirc that the mcridians bo reprcscntcd by 
This requires that B straight lines, thc radii of the systcm of conccntric circlcs. 

should bo indepcndent of ‘P, 
or 

ae ae=- ax. ax 
Furthcrmorc, if 0 and X arc to vanish a t  the same timo and if equal differences of 

longitude are to  be represented at  all points by equal arcs on the parallels, e must. 
be cqud to some constant times A, 
or 

in which n is the rcquircd constant. 
e =nx, 

de =&A. 
This gives us 

By substituting thcsc valucs iii tho cxprcssion for dS’, wc get 
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Since the projection is to bo cqual-area, dS' must equal -dS, 
or 

bP aql - €2) cos ap dA 
(1 --E% sinz ~ p ) ~  

p Gn d p  dx= - 

Thc minus sign is cxplaincd by tho fact that p decreascs as p increases. 
By omitting thc dA, we find that p is detcrmincd by the integral 
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If R rcprcscnts the radius for cp = O ,  this becomes 

cos cp a@ 
(I-~J sin2 p)zo 

2u2( 1 - €2) 
p2 - 1 2 2  = - 

n 

If /3 is t h o  latitude on a sphere oE radius c,  the right-hand mcmber would bo 
~~prcsentcd by tho integral 

We may define /3 by sctting this quantity cqual to thc above right-hand 
mc+mber, 
or 

cos a p  
cz sin /3 =u2( 1 - 8 )  (1 - ea sina 

Thcrcforc, 

2E2 3a4 48 
5 7 cz sin /3 =az(l - 8 )  sin p+ 3 sins p+- sin6 cp+- sin' cp+ - - - - 

As yet c is an undotermincd constant. Wo may dotermino it by introducing 
;lie condition that, 

a a 
WhCll cp=;T /3 shall also equal 2' L 

Thc latitudo on tho spharo is thus dcfincd in tho form 
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This latitude on the sphere has been called thc authalic latitude, the term 
authalic meaning equivalent or equal-area. A table of thcsc latitudes for every 
half degree of geodetic latitude is given in U. S. Coast and Geodetic; Survey Special 
Publication No. 67. 

With this latitude the expression for p bccomes 

The two constants n and R are as yet undctcrmined. 
Let us introducc the condition that thc scalc shall be exact along two given 

On the spheroid the length of the parallel for a given longitude differ,- parallels. 
ence X is equal to the expression 

aX cos cp 
(1 - €2 sin2 cp)"' 

P =  

On the map this arc is represented by 
p 9  =pnX. 

On the two parallels along which the scalc is to be exact, if we denote them by 
subscripts, we have 

. L1 
or, on omitting X, we have 

cos cp1 , 
' "=k( l -  e2 sin2 p1)g 

and 
a cos cp2 

P z = i T l -  €2 sill2 (p2)s' 

Substituting these values in turn in the general equation for p ,  we get 

and 

In U. S. Coast and Geodetic Survey Special Publication No. 8 a quantity called 

(I - e 2  sin2 cp')i. 

and is there tabulated for every minute of latitude. 

A' is defined as 
A'=---;Si-p--,  

Hence 

(The prime on A is here omitted for convenience.) 

me equations for determining R arid n, therefore, become 

and 
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By subtracting these equations and reducing, we get 

cos2 (61 _ _  cos2 (Pa 

Ala sin2 1” A sin2 1” 
2cz (sin 8, - sin 8,) 

n = - - L - -  

COS2 ‘Pa 
- - Ai2 sinz 1” AZz sin2 I 

COSa ( 6 1  

- r: 
-P 

4cz sin 3 (0, -8,) cos 4 (8, + P , )  = 4cZ sin t (P? -p1) cos 3 (P, -/ PI) 
T ,  and ra being thc radii of the respective pr~rrdlels upon the spheroid. 

By substituting the vduc  of n in the above equations, we could determine R. 
but  we are only interested in canceling this quantity from tho general equation for P. 

Since n is determined, wc havo for the determination of p ,  

But 

By subtracting this equation from thc geiicral equation for the determination 
of p, we get 

2c2 (sin p1 -sin p) n’ 
or 

Pa = Plaf 7 4c2 sill 4 cos 3 (@,+o). 

In a similar manncr we havo 

and 

The radius c is the radius of a sphere having 11 surface cquivalont to that of the 
spheroid, For tho Clarke spheroid of 1866 (c in meters) 

log c = 6.80420742 

To obviate tho ciificulty of taking out largo numbers corresponding to logarithms, 
it is convenient to use the form 

until after tho addition is perfor1ncd in tho right-hand momber, and then p can be 
found without much dificulty. 

For tho autlinlic, lntitudos use the table in U. S. Coast and Geodetic Survoy 
Special Publication No. 67. 

!X157”--34----7 
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Now, if x is reckoned as longitude out from tho central meridian, which becomes 
the Y axis, we get 

0 = nX, 
x = p sin 0, 
y= - p  COS e. 

In this case tho origin is the center of the system of concentric circles, the central 
meridian is the Y axis, and a line perpendicular to this central meridian through the 
origin is the X axis. The y coordinate is negative because it is measured downward. 

If it is desired to refer the coordinatcs to the center of the map as a single system 
of coordinates, the valuos become 

x = p sin e, 
Y = p o - p  cos e, 

in which po is the radius of the parallel passing through the center of the map. 

origin, the point in which the parallel intersects the central meridian. 
the coordinates become 

x = p  sin 0, 
y = p - p  cos 0 = 2 p  sin2 $ 0 .  

If the map to be constructed is of such a scalo that the parallels can bo con- 
structed by the use of a beam compass, it  is more expeditious to  proceed in the 
following manner: 

If A' is the X of the meridian farthest out from the central meridian on the map, 
we get 

The coordinates of points on each parallel may be referred to a soparate 
I n  this cas0 

0' =nX'. 

We then determine the chord on the circle representing the lowest parallel of 
the map, from its intersection with the contra1 meridian to  its intersection with the 
meridian represented by A', 

chord = 2 p  sin f 0'. 

With this value set off on the beam compass, and with the intersection of the 
parallel with the central meridian as center, strike an arc intersecting the parnllcl 
a t  the point where the meridian of X' intersects it. The arc 011 tho parnllel represents 
X' degrees of longitude, and it can bo divided proportionately for the other 
intersections. 

Proceed in the same manner for the upper piirallel of the map. Then straight 
lines drawn through corresponding points on these two parallels will determine 
d l  of the meridians. 

The scale along the parallels, kP, is givcn by the expression 

in which ps is the radius of thc circle representing the parallel of 'pe, and re is the 
radius of the sumo parallel 011 the spheroid; 
honce 

cos 9 6  r -  "A'.  sin I.'" 



THE ALBERS CONICAL EQUAL-AREA PROJECTION. 99 

The scale along the meridians is equal to the reciprocal of the expression for 
the scale along the parallels, or 

CONSTRUCTION OF AN ALBERS PROJECTION. 

This projection aflords a remarkable facility for graphical construction, requir- 
k6. practically only the use of a scale, straightcdge, and beam compass. In a map 
for thc United States the central or ninety-sixth meridian ctin be extended far enough 
to include the center of the curves of latitude, and thesc curvcs can be drawn in with 
a beam compass set tlo the rcspcctive values of the radii taken from the tables. 

To determine the meridians, a chord of 25' of longitude (as given in the tablcs) 
is laid on from and on each side of the central meridian, on the lower or 25" parallel 
of latitude. By means of a straightedge the points of intersection of the chords 
with parallel 25" can be connected with the same center as that used in drawing 
the parullcls of latitude. This, then, will determine the two meridians distant 
25" from the center of the map. Tho lower ptirr~llol can then be subdivided into as 
many equal spaces as may be required, and the remaining meridians drawn in simi- 
larly to the outer ones. 

long straightedge is not available, the spacings of the meridians on parallel 
45" can be obtairicd from chord distance and subdivision of the arc in a siniilm 
manner to that omployed on parallel 25". Lines drawn through corresponding 
points on parallels 25" and 45" will then dctermine the meridians of tho map. 

Tliis method o€ construc&oii is far more satisfactory than the o m  involving 
rectangular coordinates, though thc length of a beam compass required for the 
construction of a map of the United States on a scale lnrgcr than 1 : 5  000 000 is 
rather unusual. 

In  cqual-area projections it is a problem of some digculty to make allowance 
for the ellipticity of the enrth, a difficulty which is most readily obviated by an 
intermediate equal-area projection of the spheroid upon a sphcrc of cqual surface. 
This amounts to the dotcrmination of a correction to be applicd to the astronomic 
latitudes in order to obtain the corresponding latitudes upon the sphcrc. Tho 
spherc can then be projected equivalently upon the plane and the problem is 
901 ved. 

The name of authalic latitudes has been applied to the latitudes of the sphere 
of equd surface. A table aa of these latitudes has been computed €or evcry half 
dcgrcc and can be used in the computations of any equal urca projcction. This 
table was cmployed in the computations of the following coordinatcs for the con- 
struction of a map of the United States. 

If 

Developmsnts Connoctod wilh Qeodwy and CarlogIQphy, U. 8. Const and Qeodetic Survey Spocial I'ubliontion No. 67, 
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10 ............................. 
1 ............................. 
25" ............................ 
100.. ...................................... 

.o 

TABLE FOR THE CONSTRUCTION OF A MAP OF THE UNITED STATES ON ALBERS EQUAL- 
AREA PROJECTION WITH TWO STANDARD PARALLELS. 

JrifFrs 
102 181.68 
510 868. 82 

2 647270 

- 

P 
Latitude 

20". ..................................... 
21.. ..................................... 
22. ..................................... 
23 ....................................... 
24. ...................................... 
25. ...................................... 
20. ...................................... 
27. ...................................... 
28. ...................................... 
20. ...................................... 
29" 30'. .................................. 
30.. ..................................... 
31.. ..................................... 
32.. ..................................... 
33 ...................................... 
34.. ..................................... 

....................................... I 35 
30. ...................................... 
37. ...................................... 
38 ....................................... 
39 ....................................... 
40 ....................................... 
41 ....................................... 
42.. ..................................... 
43. ...................................... 
44 ....................................... 
45 ....................................... 
45" 30'. .................................. 
4 6 . .  ..................................... 
47 ...................................... 
49. ...................................... 

52. ...................................... 

Meters 
10 233 177 
10 145 578 
10 037 540 
9 929 Os0 
D 820 218 

9 710 060 
D GO1 361 
9 401 409 
9 381 139 
I) 270 578 
9 215 188 

8 159 738 
8 0.18 648 
8 937 337 
8 825 827 
8 714 150 

8 GO2 328 
8 400 302 
8 378 377 
8 266 312 
8 1.54 228 

8 012 163 
7 WJO 162 
7 R18 231 
7 706 444 
7 594 828 

7 4W 426 
7427822 
7 372 288 
7 261 459 
7 150 887 
7 040 925 

G 031 333 
G 822 264 
G 713 780 

.- __- 
lparings o 

A 
parnllels 

lV-CtCTS 

107 598 
108 030 
108 460 
1 OX 862 
IO!! 24D 

109 608 
109 952 
110 270 
110 663 
110 838 

111 090 
111 311 
111 510 
111 877 
111 822 

111 930 
112 016 
112 085 
112 084 
112 005 

112 011 
111 921 
111 787 
111 616 
111 402 

111 138 
110 829 
110 472 
110 002 
109 592 

109 069 
108 484 

- I_-- 

Additional data. 

@-1.3502771 d 
colog n-0.2197522 
log e-6.8042075 

- -__ 

Lntitndo. along 

I 9 O  oo'.. ....................... 
15' 30' ......................... 
j70 30' ......................... 
kJ" 30' ......................... 
25" 00' ......................... 
10" oo'... ...................... I 

1.0128 
1. w0 . w04 
1. ~ W H X )  
1.0124 
1. OUO 

Chords 011 
lntitude 45". 

Afelrrs 
78 745.13 

383 092. OU 
1 9G2 DfiB 
2 382 5GX 

Rcalc factor 
along 

tho meridian 

0.01176 
l.OO(W) 
1.0097 
1.MWN) 

. DUO9 . o m  



THE MERCATOR PROJECTION. 
DESCRIPTION. 

[See fig. G7, p. 146.1 

This projection takes its namc from the Latin surname of Gcrhard Gamer,  
the invcntor, who was born in Flanders in 1512 and published his system on a map 
of the world in 1569. His results were only approsimntc, and it was not until 30 
Years later that the true principles or thc method of computation and construction 
of this type of projection wore made known by Edward Wright, of Cambridge, in a 
publication entitled Ccrtuine Errors in Navigation.” 

I n  view of the frequent misunderstanding of the properties of this projcction, 
a few words as to  its true merits may be appropriate. It is by no means an equal- 
area represontation, and the mental adjustment to meet this idea in a map of the 
World has cnuscd unnecessary abusc in ascribing to  it properties that are peculiarly 
ahcnt.  But there is this distinction between it and othcrs which give greater 
accuracy in the relative size or outlinc of countries-that, while the latter are oftcn 
merely intended to be looked at, t he  Mcrcator projection is meant scriously to bo 
lvorlccd upon, and it alone has tho invaluable property that any bearing from any 
point desired can bc laid off wit11 accuracy and cnsc. It is,thereforc, t h  only one 
that inccts thc requircments of navigation nntl has JL \vorld-wide use, due to the fnct 
thnt the ship’s track on tlic surfncc of tlic S C ~ L  uncicr t~ constant bearing is u straight 
lint on the projcction. 

GItEAT CIRC1,ES AND XHUMB LINES. 

The shortest line hctwccn nny two given points on the surface of a sphere is 
the arc of the great circle that joins them; but, as tlie cnrtb is a spheroid, tlie shortest 
or minimum line that can be drawn on its ellipsoidal surface betwcen any two points 
is termed a geodetic line. In connection with the study of shortest distances, how- 
ever, it is customary to consider the earth as a sphere and for ordinary purposes 
this approximation is sufficiently accurate. 

A rliumh line, or loxodroinic curve, is a line which crosscs tho succcssivc mcricl- 
inns at a constant nng~e. A ship “sailing ti rliumb” is tlicrcforc on onc course 27 

Continuously following the rhuirib line. The only projection on which such a linc 
is rcprcsrntetl as ti straiglit linc is tlic Mereator; nnd tlic only projection on wliich 
the great circle is rcprcscntcd as n straight, linc is the gnomonic; but as any oblique 
S e a t  circlc cuts the nieritlinns of the latter at diffcrc~nt nnglcs, to  follow such a line 
W ~ i l d  ncccssitntc constant altcrations in tlic dircction of the ship’s head, an opera- 
tion tllnt would mlc clioicc is then betwccn n r7~umb line, which 
is longer than ;he arc of n great circlc nnd at every point of which the direction is 
the same, or thc arc .f n p a t  cirdc which is shorter than the rhumb linc, but at 
every point of wliich the direction is diflercnt. 

Thc solution of tho problem this resolvcs itsclf into the sclection of points at 
convcniont coursc-dist,anccs apart along the groat-circle track, so that the ship mrly 
bc steered fro111 onc tu the otlicr dong thc rhumb lines joining them; the closer the 

imprncticaI>lc. 

___.- 

si A Mtlip fclilowiIlg nlwnys t110 S,IUIO oliliqiro COIICSC, \rwultl ronl~ni:ously qwoticll uwrcr a.nd ncuror t o  tho polo without ovor 
101 t’Ioorctlo.illy nrriv:n$ut it. 
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points selected to one another,--that is, the shorter the sailing chords-the more 
nearly will the track of the ship coincide with the great circle, or shortest sailing 
route. 

FIG. 58.--Part of a Mercator chart &owing a rhumb line ani1 B great circle. 
Tho dottcd line shows t h o  rhumb lino wllich is a straight lino on this projection. Tlic curve shown by a full Ihio is lhu grCat 

circle track which lics on the polar sido of tho rhumb linc. Any great circle or straight lino drawn bctwccii two givoll points 
on tho gnomoriic projection may bo plottcd on tho Mcrcator projection by noting thc latitudcs of tho poiiits whore tho track 
crosscs tho various meridians. 

PIG. 59.--Part of a gnomonic chart showing a great circle and a rhumb linc. 

side of tho great circlo track. 
The full lirio shows tho great cirolo track. Tho Cum0 shown by a dottcd litlc ix tho rhumb lino which lias oii tho cqlratorisl 
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For this purpose the Mercator projection, except in high latitudes, has attained 
an importance beyond all others, in that the great circle can be plotted thereon 
from a gnomonic chart, or it may be determined by calculation, and these arcs 
can then be subdivided into convenient sailing chords, so that, if the courses are 
carefully followed, the port bound for will in due time be reached by the shortest 
Practicable route. 

It suffices for the mariner to measure by means of a protractor the angle which 
his course makes with any mcridian. With this course correctcd for magnetic 
Variation and deviation his compass route will be established. 

It may here be stated that the Hydrographic Oflice, U. S. Navy, has prepared a 
serics of charts on thc gnomonic projection whicli are most useful in hying off great 
circle courses. As any straight lino on these charts represents a great circle, by 
taking from thein the latitudcs and longitudes of a cumber of points along the line, 
the great-circlc arcs may bo transferrcd to  thc Mercator system, where bearings 
are obtainable. 

It should be bornc in mind, moreover, that in practicc the shortcst course is 
not always necessarily the shortest passage that can be made. Alterations bccome 
ncccssary on account of the irregular distribution of land and water, thc prcscnce 
Of rocks and shoals, the effect of set and drift of currcnts, and of the direction and 
strength of thc wind. It, thoreforc, is neccssary in determining a course to find out 
if the rhumb lino (or lines) to destination is interrupted or impracticable, and, if so, 
to determinc intermediate points between which the rhumb lines are unintcrruptcd. 
The resolution of tho problem at tlic start, however, must set out with thc great 
circle, or a number of great circles, drawn from one objective point to  tho ncxt. 
I n  tlic intcrcsts of economy, a series of coyrscs, or composite sailing, will frequently 
be tlic solution. 

Another advantage of the Morcator projcction is that meridians, or north and 
south lines, are always up and down, parallel with the east-and-west borders of the 
map, just whcrc one expects thcm to bo. The latitude and longitude of any place 
is readily fourid from its position on tho map, and the convenience of plotting points 
or positions by straightedge across the map from the marginal divisions prevents 
errors, especially in navigation. Burthermorc, the projection is readily constructed. 

A true compass course may bc carried by a parallel ruler from a compass rose 
to any part of the chart without crror, and the side borders furnish a distance scale as 

convenient to  all parts of the chart, tis described in the chapter of “Construction 
of a Mcrcator projection”. I n  many other projections, when carried too far, splicri- 
cal relations are not conveniently accounted for. 

From the nature of the projection any narrow belt of latitude in any part of 
tho world, reduced or enlarged to any desired scale, represents approximately true 
form for the ready use of any locality. 

All charts are similar and, when brought to the same scale on n common latitude, 
will fit exactly. Adjacent charts of uniform longitude scale will join exactly and will 
remain oriented when joined. 

Tho projection provides for longitudinal repetition SO that ContinUOUS Sailing 
routes east or west around the world may bo completely shown on one map. 

Binally, as stated before, for a nautical chart, if for no other p ~ p o s e ,  the Mar- 
cator llrojcction, exccpt in high latitudes, has attained an importance which puts 
a11 others in tho background. 

acalo charts, dingrlLmmrbtic srlLlo co111d 1)0 plncod on tho clWtS, giving tho scfde for various latitudes, ns on n 1’ ‘rencli Merciitor 
Ohart of Africa, NO. 2A, publjsl~od by tho Ministbro dela Marine. 

___ 
1 T l ~ ~ h ~ ~ ~ ~ ~ ~ ] ~ t ~ t ~ ~ ~ l o ~ ~ , ~ ~ ~ m ~ ~ ~ g j ~ ~ t l ~ o r o r r o c t  tli8tiincoin thororrospoIldinglatitudo. If sllflicioutlyimportnnt on thosmullor 
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NERCATOR PROJECTION IN HIGH LATITUDES. 

In latitudes above 60°, where the meridional parts of a Mercator projcction 
increase rather rapidly, charts covcring considerable area may be constructcd advan- 
tageously on a Lambert conformal projection, if the locality has a predominating 
east-and-wcst extent; and on a polyconic projection, or a transverse Mercator, if the 
locality has predominating north-and-south dimensions. In  regard to suitable 
projections for polar regions, see page 147. 

Difficulties in navigation in the higher latitudes, often ascribed to the usc of 
the Mercator projection, have in some instances been traced to  unreliable positions 
of landmarks due to inadequate surveys and in other instances to the application of 
corrections for variation and deviation in the wrong direction. 

For purposes of navigation in the great commercial arca of the world the Mercator 
projection has the indorsement of a11 nautical textbooks and nautical schools, and 
its employment by maritimc nations is univcrsal. It is estimated that of the 15 000 
or more diffcrent nautical charts published by thc various countries not more than 
1 per cent are constructed on a system of projection that is noticeably different from 
Mcrcator charts. 

The advantages of the Mercator system over othcr systems of projection arc 
evident in nautical charts of small scale covering extensive areas,2o but thc largcr 
the scale the less important thesc differences bccomc. In harbor and coast charts 
of thc United States of scales varying from 1 : 10 000 to 1 : 80 000 thc diff'ercnce of the 
various types of projection is almost inappreciable. 

This bcing the case, there is a grcat practical advantage to the mariner in having 
one uniform system of projection for all scnlcs and in avoiding a sharp break that 
would require successive charts to  be constructed or handled on different principles 
at  a point where there is no definite distinction. 

The use of the Mercator projection by the U. S. Coast and Geodetic Survey is, 
therefore, not due to thc habit of continuing an old system, but to the dcsirability 
of meeting the special requirements of the navigator. It was adopted by tliis 
Burcau within comparatively recent years, superseding the polyconic projection 
formerly employed. 

The middle latitudes employed by the U. S. Coast and Geodetic Survey in the 
construction of charts on the Mcrcator system, arc as follows: 

Coast and harbor charts, scales 1 : 80 000 and largcr, arc constructed to the scale 
of the middle latitude of each chart. This scrics includes 86 coast cliorts of tlie 
Atlantic and Gulf coasts, each on thc scalc 1 : 80 000. The use of thesc charts in 
series is probably less important than their individual local use, and the slight brcak 
in scale bctween adjoining charts will probably cause less inconveniencc than would 
the variation in the scale of the series from 1 : 69 000 to 1 : 88 000 if constructed to tho 
scale of thc middle latitude of the series. 

General charts of the Atlantic coast, scale 1 :400 000, are constructed to the 
scale of latitude 40'. The scnlcs of the different charts of the series are therefore 
variant, but the adjoining charts join exactly. This npplics likcwise to thc following 
three groups: 

General charts of the Pacific coast, San Diego to Strait of Juan de Fuca, are 
constructed to the scale of 1 : 200 000 in latitude 41'. 

19 On small scale charts in the middle or highcr latitudes, tho difCerunce bctween tho Mercntor and polyconic projections is obvi. 
ous to the eye nud affects the method of using the charts. Latitude must not be carricd across pcrpondicultir to the hordor 61 8 poly- 
conic chart of small Scale. 
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General charts of the Alaska coast, Dixon Entrance to Unalaslra Island, are con- 

structed to the scale of 1 : 200 000 in latitude GOO. 
General sailing charts of the Pacific coast, San Diego to the western limit of the 

Aleutian Islands, are constructed to the scale of 1 :1 200 000 in latitude 49’. 
Some of the older charts still issued on the polyconic projection \vi11 be clianged 

to the Mercutor system as soon as practicable. Information as to the construction 
of nautical charts in this Bureau is givm in Rules and Practice, U. s. Coast and 
Geodetic Survey, Special Publication No. 66. 

TIIE MEItCATOR PROJECTION. 

DERIVATION OF THE FORMULAS FOR THE COORDINATES OF THE MERCATOR 
PRO JECTION.ZQm 

The Mercrttor projection is a conformal projection which must be derived by 
matheniaticnl analysis. The Equator is represented by a straight line true to scale 
and the nieridians are represented by straight lines perpendicular to the line represent- 
ing the Equtltor, being equally spaced in proportion to their actual distances apart 
u ~ o n  the Equator. The pnrallcls arc rcprescnted by a second system of parallel 
lines perpendicular to the family of lines representing the meridians; or, in other 
words, they are stmight lines parallel to  the line representing the Equator. The only 
thing not yet determined is the spacings between the lines representing the parallels; 
or, what amounts to the same thing, the distanccs of these lines from the Equator. 

Since the projection is conformal, the scale a t  any point must be tho same in 
all directions. When the parallels and meridians arc represented by lines or curves 
that :we muturdly perpendicular, the scale will he equal in all directions a t  a point, 
if the scnle is the same along the parallel and meridian a t  that point. I n  the Mer- 
cator projection the lines represen tiiig the pardlels are perpendicular to the lines 
representing the meridians. I n  order, then, to determine the projection, we need 
only to iiitroduce the condition that the scdc ulong the meridiuiis shall be cqud 
to the scnle nlong t l l C  pnrdlels. 

An element of leiigth dong :L purdlrl is equal to the oxpression 

in which a is tho cquatorial radius, p the ltrtitude, X the longitude, and E the eccen- 
trici t y . 

For the piirpose before us we may consider that the nieridians are spaced equal 
to their actunl distances apart upon the earth a t  the Equator. I n  that case the 
eleinent of length (11) along tlic Imrallel will be reprcsented upon the map by a dh, 
or the scale along the parallcl will be given in the form 

A11 clcment of lcngtli along the meridian is given in the form 

This projection should riot bo intorprolod as a porupoctivo projoction frmn tho contor of tho spheroid u1)oIl n tatrgcmt oyllndor 
The distarices of tho various pnrallols from tho Equator dopond n p m ~  an is orrouuousiy sttrtod i n  ccrtniri tronlisos of goograplly. 

intOgrirl tiud tho requlretl vnlue is not obtaitiod froul any siruplo f o ~ t I l ~ l i L .  
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Now, if ds is the element of length upon the projection that is to represent this 
element of length along the meridian, we must have the ratio of drn to ds equal to 
the scale along the parallel, if the projection is to be conformal. 

Accordingly, we must have 

cos cp 
I- 

@= a (1-8) dcp 
as ds ( I - E ~  sin2 P)~" (1 -2 sin2 cp)'" ' 

The distance of the parallel of latitude cp from the Equator must be equal to 
the integral 

a (l--P) d p  
(1 - €2 sin2 cp)  cos (o 

On integration this bocomes 

a€ s=alog,sin -+-- - - ~ l ~ g , ~ ~ s  -+- +-log, (l-rsincp)---log, ( I + €  sintp' (; 9 (: 3 Y 2 

= a ~ o g ,  t a n ( ~ + ~ ) + ~ l o g , ( l + E s i n c p )  1 - E sin cp 

l + c  sin cp 
=a log, 

The distance of the meridian X from the central meridian is given by the integrii 

= nX. 

The coordinates of the projection referred to the intersection of the central 
meridian and the Equator as origin are, therrforr, givcn in the form 

x=aX, 
y = a  log, p a n  (:+$) . (-->'"I. 1 - - e  sin cp 

1 + E  sin cp 
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In  U. S. Coast and Geodetic Survey Specin1 Publication No. 67, tho isometric or 
conformal lntitude is dofined by the expression 

1-esin cp fll 
tan (:+$)=tan (:+;) ( 1 + e  sin cp b 

or, if 
a 7r 

x=--z  nnd cp=--1) 2 ,  2 

Wit,, this value we get 
?,=a log, cot 9 2 

or, expressed in common lognrithms, 

a 2 
t / = -  log cot - 9 * M  2 

which M i s  the modulus of common lognrithms. 

H= 0.4342944819, 

log M =  9.6377843113. 

A table for the isometric colntitudcs for every hnlf degree of geodetic latitude is 

The radius a is usually expressed in units of miuutes on the Equator, 
given in U. S. Const niid Goodetic Survey Special Publictition No. 67. 

or 
10800 a=-, 

K 

log u = 3.5362738828, 

log (-"-) - 3.8984895715. M -  

or, 

T h o  vuliie of x now bocoiiies 

With X oxpresscd in rndians; 
or, 

With X oxprcsscd in minutes of arc. 

Publication No. 67 was computed for tho Clarke sphcroid of 1866. 

X=X, 

Tho tablo of isometric lntitudes givcii in U. S. Coast and Geodetic Survey Special 
If it is desired 
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to compute values of y for any other spheroid, the expansion of y in series must be 
used. In this case 

y=7915‘.704468 log tan (:+$) 
€4 €8 €8 

-3437t.747 (€2 sin p+- 3 s in2  p i-7 3 sin5 4-- 7 sin7 cp+  . . . 
or, in morc convenient form, 

€4 Ea 5€8 
y=7915‘.704465 log tan (:+;)-3437’.747 [( e 2 + - + - + -  4 s 64 +.  . . . 

- .) sin 5cp-(&+. . .) sin 7(a- - e  1 
If the given spheroid is defined by the flattening, E? may bo computed from the 

formula 

in which f is the flattening. 

in closed form, as follows: 

€2 = 2f -p, 

The series for y in tho sines of the multiple arcs can he writtcri with coefficients 

2f” sin cp- - sir1 3~ y=7015’. 704463 log tan 3eS 
2 f6  2f +-sin 5 p - 7  sin 7p+ 5 €* 7€ 

in which f denotes tho flattening and E the eccentricity of tho spheroid. 

DEVELOPMENT OF THE FORMULAS FOR THE TRANSVERSE MERCATOR PROJECTION. 

The expressions for tho coordinates of t h o  transverso Mcrcator proj ection can 
be dotermined by a transformation performed upoil the sphere. If p is the great- 
circle radial distanco, and w is tho azimuth roclroned from a given initial, the trans- 
verse Mercator projection in terms of t h s c  clements is exprossod in the form 

5 = u  w,  

P 
2 y = a log, cot -- 

But, from the transformation triangle (Pig. 66 on pagc 143), wo have 

cos 1) =sin a sin cp + cos a cos $0 cos x , 
tan w= - 1  

in which Q! is the latitudo of tho point that hcomes the polo in the transverse pro 
jection. 

cos CY sin cp-sin a cos cp cos X 
sin X cos cp 

By substituting those values in the equations ahovo, wo gct 

cos CY sin (a-sin a cos (a cos x 
sin X cos cp 

32 = u tan-‘ 
and 

(2::; ;) y = a  log, cot 21- U log, 
2 2  

a log, 1 +sin a sin q~-t-cos CY cos cp cos x 
1 -sin a sin (a - (:os Q! cos cp cos x 
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If WQ wish tho formulas to yield the usual values when cy converges to E ,  we 

must replace X by A-8 or, in other words, we must change tlio meridian froni which 

X is reckoned by 2-  With this change the expressions for the coordinlntos become 

2 
7r 

7r 

sin a cos cp si11 X - cos a sin cp 
cos (0 cos x z = a  tan-1 

1 +sin a sin cp+cos a cos cp sin X 
1-sin a sin cp-cos a COS cp sin X 

a 
2 ?/ = - log, 

With common logarithms tho y coordinate becomes , 

a 1 +sin a sin cp+cos a cos cp sin 
I -sin a sin cp -- cos a! cos cp sin 

in wliich M is tho modulus of common logarithms. 
A study of tlio transverse lhlercator projcctions was made by A. Lindenkohl. 

u. S. Coast and Geodetic Survcy, some years ago, but no chmts in the modified form 
have ever been issued by this o%co. 

In a transverso position tlie proj ectioii loses the proporty of straight meridians 
and parallels, and t h o  losodromo or rhumb lino is no longer a straight lino. Since 
tb-projection is conformal, tho represontation of tho rhumb lino must intersect tlio 
meridians on tho map a t  a constant angle, but as the meridians become curved 
lines tlio rhuiuh line must also become a curved lino. The transverse projection, 
threfore, loses this valuable property of tho ordinary hfercntor projoction. 

The distortion, or change of scalo, increases with tho distance from tho grcat 
oirclo which plays the part of the Equator in tho ordinary Mercator projection, but, 
considering tlio shapes and geographic location of certain areas to be chuted, a 
transversc position would in some instancos give advanttigoous results in the prop- 
erty of conformal mapping. 

CONSTRUCTION OF A MERCATOR PROJECTION. 

On tho Morcutor projection, meridians are roprosonted by parallel and equidistant 
straight lines, aiid tho parallels of latitude are represented by n system of straight 
h a s  a t  right nnglcs to the Eormcr, the spacings botwcen them conforming to the 
Condition that a t  ovory point tho angle botween any two curvilinear oloments upon 
tho spliore is represented upon the chart by an equal angle between the represonta- 
t ivo~ of tlieso elements. 

In order to rotain the correct shape and comparatiw size of objects as far a9 
Possible, it beconics necessary, therefore, in const,ructing a hiercator chart, to increase 
awry dugroo of latitudo toward the pole in precisely the s m e  proportion as the 
degroos of longitude liuve boon lcngtlionod by projection. 

TABLES. 

Tile table beginning on page 117 is that appearing in Trnit6 d’HYdrograP1lie by 
A. Germah, 1882, Table XIII. Attention is called to the last paragraph on page 116 
in regard to a more recent table published by the International Hydrograpllic Bureau. 

Tho outer columns of minutes give the notation of minutes of latitude from the 
Equator to 800. 
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The column of meridional distances gives the total distance of any parallel of 
latitude from the Equator in terms of a minute or unit of longitude on the Equator. 

The column of differences gives the value of 1 minute of latitude hi terms of a 
minute or unit of longitude on the Equator; thus, the length of any minute of latitude 
on the map is obtained by multiplying the length of a minute of longitude by the 
value given in the column of differences between adjacent minutes. 

The first important step in the use of Mercator tables is to note the fnc t  that a 
minute of longitude on the Equator is the unit of measurament and is used as an 
expression for the ratio of any one minute of latitude to any other. The method of 
construction is simple, but, on account of different types of scales employed by 
different chart-producing establishments, it is desirable to present two methods: 
(1) The diagonal metric scale method; (2) the method similar to  that given in 
Bowditch's American Practical Navigator. 

DIAGONAL METRIC SOALE METHOD AS USED I N  THE U. 8. COAST AND GEODETIC SURVEY. 

Draw a straight line for a central meridian and a construction line perpendicular 
thereto, each to he as central to the sheet as the selected interval of latitude and 
longitude will permit. To insure greater accuracy on large sheets, the longer line of 
the two should be drawn fist ,  and the shorter line erected perpendicular to it. 

Example: Required a Mercator projection, Portsmouth, N. H., to Biddeford, Me., 
extending from latitude 43" 00' to 43" 30'; longitude 70" 00' to  71" OO', scale on 
middle parallel 1 : 400 000, projection interval 5 minutes. 

The middle latitude being 43" 15', we take as the unit of measurement the true 
value of a minute of longitude as given in the Polyconic Projeotion Tables, U. S. 
Coast and Geodetic Survey Special Publication No. 5 (general spherical coordinrktes 
not being given in the Germain tables). Entering tho proper column on page 96, 
we find the length of a minute of longitude to bo 1353.5 meters. 

As metric diagonal scales of 1 : 400 000 are neither available nor convenient, we 
ordinarily use a scale 1 : 10 000; this latter scale, boing 40 times the former, the length 
of a unit of nieasuromcnt on it will he one-fortieth of 1353.5, or 33.84. 

Lines representing 5-minute intervals of longitude can now bo drawn in on either 
side of the central meridian and parallel thereto at intervals of 5x3334 or 160.2 
apart on the 1 : 10 000 scale. (In practice it is advisable to determine the outer meri- 
dians first, 30 minutes of longitude being represented by 6x 169.2, 01' 1015.2; and 
the 5-minuto intexvals by 169.2, successively.) 

Lslltudo. 

. ,  
43 05 
43 00 

THE PARALLELS OF LATITUDE. 

The distance between the bottom parallel of the chart 4 3 O  00' and the next 
5-minute parallel-that is, 43" 05'-will be ascertained from the Mercator tables 
by taking the difference between the values opposite those parallels and multiplykig 
this difference by the unit of measurement. Thus: 

Morldlonnl 
distnncc. --____ 
85358.987 
2847.171 

0.816 



70O30' 7O"OO' 

695. 

692. 
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6.816 multiplied by 33.84 = 230.6, which is the spacing from the bottom parallel 

The spacings of the other &minute intervals obtained in the same way are as 
to 43' 05'. 

follows: 
I Latitode. I Spacinqs. 1 

I I 
~~ ~~ 

0 ,  

43 30 43 2j ............................... 
43 20'.' ............................ 
4" ~ ~ . ~ ~ ~ . " ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ . ~ . ~ . ~ . ~ ~ ~ ~ ~ .  
43 ............................. 
41 05" ." """..".'".'..'''.''' 
43 ~ ~ ~ . ~ . ~ ~ ~ . ~ " ~ ~ . ~ ~ . ~  ............. 

>, s 

. . 

. 

. 

. 

. 

232.3 
23'2.0 
2:?1. G 
231.3 
231.0 
230.1; 

From the central parallcl, or 43' 15', thc other parallels can now be stepped 
off and dratvn in as straight lines and the projection complcted. Draw then the 
outer neat lines of the chart at a convcnieiit distance outsidc of the inner neat lines 
and extend to them the meridians and parallels alrcady constructed. Betwccn the 
inner and outer neat lincs of the chart subdivide the degrees of latituclc and longitude 
as minutely as the scale of the chart mill permit, the subclivisions of the degreas of 
longitude being found by dividing the degrees into equal parts; and the subdivisions 
of the dcgrccs of latitudo hoing accurately found in tho samc niannc'r as the &minute 
intervals of latitude already described, though it will gcncrally bo sufficirntly cxact 
on large-scale charts to make even subdivisions of these intervals of latitude, as in 
the case of the longitude. 

In northern latitudes, where the mericlional increments are quite noticeable, 
care should bc talcen so as to have the latitude intervals or subdivisions coniputecl 
with sufficient closeness, so that their distances apart will increase progressively. 

The subdivisions along the eastern, as wcll a s  those along the western neat 
line, will serve for measuring or estimating terrestrial distanccs. Distaiiccs 
between points bearing north and south of each other may be ascertained by referring 
them to the subdivisions between their Iatitudcs. Distances rcprcsented by lines 
(rhumb or loxodromic) at  an angle to the meridians may be measured by talcing 
between the dividers a small number of the subdivisions near the middle latitude 
of the line to bc measured, and stepping them off on that line. If, for instancc, the 
terrestrial length of a line running at  an angle to the meridians, between the parallels 
of latitude 24' 00' and 29' 00' be required, the distance shown on the neat space 
between 26' 15' and 26" 45' (= 30 nautical miles)"" may be tskenhet\lreen the dividers 
and stepped off on that line. An oblique line of considerablc length may wcll be 
divided into parts and cach part referrcd to its middle latitudo for a unit of 
measurement. Further observations on the Mercntor projection are given on pages 
146 and 147. 

TO CONSTRUCT A MERCATOR PROJECTION BY A METHOD SIMILAR TO TIIAT GIVEN IN 
BOWDITCH'S AMERICAN PRACTICAL NAVIGATOR. 

If the chart includes the Equator, the values found in the tables will serve 
directly as factors for any properly divided diagonal scalo of yards, feet, meters, or 
miles, thesc factors to be reduced proportionally to  the scale adopted for the chart. 

If the chart does not include the Equator then the parallels of latitude should 
be referred to IL principal parallel, preferably the centrrd or the lowest para1iel to be - 

80 Strictly speaking, a minute of latitude is equal to a n a u t i d  d l 0  in latitude 4 8 O  15' only. Tho length or n ~ I I I I I I C  clfiati. 
hldo varies from 1842.8 meters at tho Equator to 1861.7 meters at the pole. 
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drawn upon the chart. The distance of any other parallel of latitude from the 
principal parallel is the difference of the values of the two taken from the tables and 
reduced to the scale of the chart. 

If, for example, i t  be required to construct a chart on a scale of one-fourth of an 
inch to 5 minutes of arc on tho Equator, the minute or unit of measurement will be 
5 of a inch, or & of an inch, and 10 minutes of longitude on the Equator (or 10 
meridional parts) will bc representcd by 43 or 0.5 inch; likcwise 10 lniiiutos of 
latitude north or south of thc Equator will be represented by .2$ X 9.032 or 0.4966 
inch. The value 0.932 is the difference between the meridional distances as given 
opposite latitudes Oa 00' and Oa IO'. 

If the chart docs not include the Equator, and if the middle parallel is latitude 
40°, and the scale of this parallel is to be one-fourth of an inch to 5 minutes, then 
the mcasurernent for 10 minutes on this parallel will be the same ns before, but the 
mcasurcment of tho interval between 40' 00' and 40' 10' will be & X 13.018, or 
0.6500 inch. The value 13.018 is the diflercncc of the meridional distances as given 
opposite these latitudes, i. e., tho difference between 2620.701 and 2607.683. 

(It may often be expedient to construct a diagonal scale of inchcs on the drawing 
to facilitate the construction of a projection on the required scale.) 

Sometimes it is desirable to adapt the scale of a chart to a ccrtain allotment 
of paper. 

Example: Let a projection bo required for a chart of 14" extent in longitude 
between the parallels of latitudc 20" 30' and 30' 25', and let the space allowable on 
tho paper bctwecn these parallels be 10 inches. 

Draw in tho contcr of the shect a straight line for tho central meridian of the 
chart. Coiistruct carefully two lines perpendicular to the central meridian and 
10 inches apart, one near the lower border of the sheet for parallcl of latitude 20" 30' 
and an uppor one for parallel of latitude 30" 25'. 

Entering the tables in the column meridiond distance we find for latitude 
20" 30' tho value 1248.045, and for Intitudo 30' 25' tho viiluo 1005.488. The differ- 
ence, or 1905.488- 1248,945 = 656.543, is thc value of the meridional arc between 
thcse latitudes, for which 1 minute of arc of the Equator is taken as a unit. On 

the projection, there€oro, 1 minute of arc of longitude will measurc gg63z -0.0152 
inch, which will be the unit of measurement. By this quantity dl the values derived 
from tho table must be multiplied before they can bo used 011 a diagonal scale of 
inches for this chart. 

As tho chart co\Tcrs 14" of longitude, the 7" on &her side of the central mcridian 
will be represented by 0.0152 x 60 x 7, or 6.35 inches. Theso distances can be laid 
off froin the central meridian east and west on the upper and lower pmallel. Through 
tho points thus obtained draw lines parallcl to the central meridian, and tliese will 
be the eastern and wcstcrn neat lines of the chart. 

I n  order to obtain the spacing, or interval, betwcen the parallel of latitude 
21" 00' and the bottom parallcl of 20" 30', we find the diflerence betwccii thoir 
mcridiond distariccs and multiply this diil'crence by the unit of measurement, 
which is 0.0152. 

10 in. 

Thus: (1280.835- 1248.045) X 0.0152 
or 31.800 x 0.0152 -0.485 inch. 

T,415i"-:~J----8 
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On the three meridians already constructed lay off this distance from the bottom 
parallel, and through the points thus obtained draw a straight line which will be 
ihe parillel 21’ 00’. 

Proceed in the same manner to lay down all the parallels answering to full 
degrees of latitude; the distances for 22’, 23’, and 24’ from the bottom parallel 
will be, respectively: 

0.0152 x (1344.945-1248.945) = 1.459 inches 
0.0152 x (1409.513-1248.945) = 2.441 inches 
0.0152 x (1474.566- 1248.945) =3.429 inches, etc. 

Finally, lay down in the same way the parallel 30’ 25’, which will be the 
northern inner neat line of the chart. 

A degree of longitude will measure on this chart 0.0152 x 60 = 0.912 inch. Lay 
off, thercfore, on the lowest parallel of latitude, on the middle one, and on the 
highest parallel, measuring from the central meridian toward either side, the dis- 
tances 0.912 inch, 1.824 inches, 2.736 inches, 3.648 inches, etc., in order to  determine 
the points where meridians answering to  full degrees cross the parallels drawn on 
the chart. Through the points thus found draw the straight lines representing the 
meridians. 

If it occurs that a Mercator projection is to  be constructed on a piece of paper 
where the size is controlled by the limits of longitude, the case may be similarly 
treated. 

CONSTRUCTION OF A TRANSVERSE MERCATOR PROJECTION FOR THE SPHERE WITH 
THE CYLINDER TANGENT ALONG A MERIDIAN. 

The Anti-Gudermannian table given on pages 309 to 318 in “Smithsonian 
Mathematical Tables-Hyperbolic Functions ” is really a table of meridional diu- 
tances for the sphere. BY use of this table 811 ordinary Mercator projection can be 
constructed for the sphere. Up011 this graticule the transverse Mercator cfm be 
plotted by use of the table, “Transformation from geographical to  azimuthal coordi- 
nates-center on the Equator” given in u. s. Coast and Geodetic Survey 
Special Publication No. 67, “Latitude Developments Connected with Geodesy arid 
Cartography, with Tables, Including a Table for Lambert Equal-Area Meridional 
Pro j ection.” 

Figure 61 shows such a transverse Mercator projection for a hemispllere; the 
pole is the origin and the horizontal meridian is the central meridian. The dotted 
lines are the lines of the original Mercutor projection. Since the projcction is turned 
90’ in azimuth, the original meridians are horizontal lines and the parallels are 
vertical lines, the vertical meridian of the transverse projection being the Equator 
of the original projection. The numbers of tho meriditins in the trr~~isversc projcc- 
tion are the complements of the numbers of the parallels in the original projectio11. 
The same thing is true in regard to  the parallels in tho transverse projection arid 
the meridians in tho original projection. That is, where the number 20 is given 
for the transverse projection, wc must read 70 in the original projection. 

The table in Special Publication No. 67 consists of two parts, the first part 
g w k g  the values of tlhe azimuths reckoned from the north and the second part 
giving the great-circle central distances. From this table we get for the irltersectiorl 
of latitude 10’ with longitude lo’, 

0 I 11 

azimuth =44 33 41.2 
radial distance=l4 06 21.6 
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To the nearest minute these booorno 
a 4 4 0  34' 
6=14 OF 
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The azimuth becomes longitude in the original projection and is laid off upward 
from tho origin, or the point marked "pole" iii the figure. Tho radial distance is 
the complcrnent of the latitude on tho original projection; hence the chosen intcr- 
section lies hi longitude 44' 34' and latitude 75' 54' on the original projection. 

FIQ. Gl.-Transrerm Mcrcator projection-cylinder tsiigeiit aloiig R nieridiaii-- construction plate. 

It can be seen from the figure thiit thore nre throe otlier points syinnietricdly situatod 
with respect to this point, one in each of tlio other tlirco quatlriznts. l f  the inter- 
sections in one quadrunt are actuully plotted, t h o  otlirr qundrnnts may be copied 
from this construction. Another liomispliero added either i h o v e  or below will 
complete the sphere, with tho ewoptioii, of coursc, of the p r t  thiLt ptisses ofl' to 
infinity. 

I n  practice the original projection n c d  not be drawn, or, if i t  is drawn, the line:: 
should be light pencil lines used for guitlanco only. If 1ongiLudo 44' 34' is laid off 
upward along a vortical liiio from an origin, and tlio nicridionul disttmx for 75" 54' 
is laid off to the right, tlio intersection of tlic! mcritlian of 10" with the ptzrallcl of 10" 
is located upon the map. In a similar manner, by tho uso of the table in Specitzl 
Publication No. 67, the othor intersections of the partillel of 10" can be locatcd; then 
a smooth curvo druwii through tlicse points so dotoriniiicd will bo tho parallrl of 10'. 
Also tho othcr intersections of tho meridinn of 10' can bc located, and a smooth curve 
drawn through these points will represent tha mwidiaii of I 0". 
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The table in Special Publication No. 67 gives the intersections for 5" intervals 
in both latitude and longitude for one-fourth of a hemisphere. This is sufficient for 
the construction of one quadrant of the hemisphere on the map. As stated above, 
the remaining quadrants can either be copied from this construction, or the values 
may be plotted from the consideration of symmetry. In any case figure 61 d l  
serve as a guide in the process of construction. 

In the various problems of conformal and equdarea mapping, any solution that 
will satisfy the shapes or extents of the areas involved in the former system has 
generally a counterpart or natural cornplemcnt in the latter system. Thus, where 
we map a given localit,y on the LtLmbert conformal conic projection for purposes of 
conformality, we may on the otlicr hand employ the Albers projection for equal- 
area representation of the same region; likewise, in mapping a hemisphere, the 
stereographic meridional projection may be contrasted with tho Lambert meridional 
projection, the stereographic horizon project,ion with the Lambert zenithal; and so, 
with a fair degree of accuracy, the process above dcscribed will give us conformal 
representation of the sphere suited to  a zone of predominating meridional dimensions 
as a countcrpart o€ the Bonne system of equal-area mapping of the same zone. 

MERCATOR PROJECTION TABLE. 
[Reprinted from Trait6 cl'IIydrograyhio, A. Gcrmain, Ingbnieur JIydrographe de la hfarino, Paris, MDCCCLXXXII, to  lntitudo 

8no only.] 

NOTE . 
It is observed in this table that thc meridional differences are irrcgular and that 

second differenccs frcqucntly vary from plus to  minus. The tables might well have 
been computed to  onc more place in decimals to insure the smooth construction of a 
projection. 

I n  the use of any meridional distance below latitude 5O0 00' the following process 
will eliminate irrcgularitics in the construction of large scale maps and is witchin 
scaling accuracy: 

To any meridional tlistancc add the one abovo and the one below and take the 
mean, thus: 

Latit,ldr, hloriflional 
distances. I:--& 1 
1770.745 

1782.011 
I 5 f  I 1780.X77 1 

1- 1 1 6342.G33 1 
Tho lllean to bo usod for lotitudo 28" 3ti' is 1780.8774 

In  the original publication of thesc tables tho author stated that they were 

As a matter of fact they were 

1 

1 computed for an ellipsoid of a compression - 
294' 

coniputed with the value of e2=0.006785. 

This makes the compression slightly less than z4. 
Although the tables of meridional distances here given to three places of decimals, 

will serve for the construction of Mercntor projections with sufficient accuracy for 
all practical purposcs, it is recommended that the following publication he used to 
avoid the necesssity of occasional interpolation: International €€ydrographic Bureau, 
Tables of Meridional Parts to five places of decimals, Special Publication No, 21, 
Monaco, 1928. In practice, however, it  is found that the fifth place of decimals of 
the latter publication is unnecessary. 
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MERCATOR PROJECTION TABLE. 
[Meridional distnncos for t ho  splioroid. Compression 2; 

._ 

lo 
Meridionul 
distance. 

59.596 
60. 590 
61.583 
62.576 
63. 570 
64.563 
65. 55(i 
86.550 
67. 543 
68.537 
69.530 
70.523 
71.517 
72. 510 
73. 504 
74.497 
75.4!)1 
76. 464 
77.477 
78.471 
79.464 
80.456 
81.451 
82.44 5 
83.438 
64.432 
85.425 
86.419 
67.413 
88.406 
69.400 
90. 393 
91. 367 
92.380 
93.374 
!)4. 368 
95.361 
96. 355 
97. 348 
96. 342 
99.336 

100. 32!) 
101. 323 
102.316 
103.37 0 
104. 304 
105.2'38 
106.291 
107.265 
106.279 
109. 273 
110. 26(i 
11 1.260 
112.254 
113.217 
114. 241 
115. 235 
116.229 
117. 223 
118. 21(i 
119.210 

-- - 
Difforonct 

0. !)!I4 
993 
993 
994 
9'33 
993 
994 
9!13 
$194 
993 

0.993 
994 
993 
994 
993 
994 
993 
993 
994 
993 

0.994 
993 
994 
993 
994 
993 
0!)4 
994 
993 
994 

0.993 
994 
993 
994 
994 
993 
994 
993 
994 
994 

0.993 
994 
993 
994 
994 
994 
993 
994 
994 
994 

0.993 
994 
994 
993 
994 
994 
994 
994 
993 

0. !)!I4 

Meridional 
t1ist:mre. 

119. 210 
120. 204 
121.1!18 
122.192 
123. 1 6fi 
124.160 
125. 174 
12G. 168 
127.162 
128. I55 
I2!i. 1 I!) 
130.143 
131.137 
132. 131 
133.125 
134.11 9 
135. 113 
136.107 
137. 101 
138.095 
139.089 
140. 083 
141.077 
142.072 
143. O ( X  

144.060 
145.054 
148. 048 
147. 042 
148.036 
149.030 
150.024 
151.019 
152.013 
153.007 
154. 001 
151. 9oc; 
135. 990 
156. !I84 
157. !I78 
158.973 
159. !)W 
160. 967 
161.956 
162. 950 
163. 94'1 
164. 939 
165. 939 
I 66. 926 
167.922 
166. 917 
169. 91 1 
170. !IO5 
171. 900 
172. 894 
173.889 
174. 683 
175.678 
176.672 
177. 867 
178. S62 

~~ 

Differem 
.- 

0.994 
994 
994 
994 
994 
994 
904 
904 
993 
99 1 

0.994 
994 
99! 
!)94 
994 
994 
994 
994 
994 
994 

0.994 
994 
995 
994 
99 4 
994 
994 
99-1 
994 
994 

0. 99'1 
995 
994 
904 
994 

995 
994 
9!)4 
994 
995 

0.994 
994 
995 
994 
994 
995 
994 
995 
994 
995 

0.994 
9!)4 
995 
994 
995 
994 
995 
994 
995 

0.995 

Meridional 
distmce. 

178. 662 
179. 856 
160.851 
181.645 
7 82.840 
163.834 
184.520 
185.624 
188.818 
187.81 3 
186. 806 
lS9. 802 
190.797 
101.792 
192.767 
193. 782 
1'34.777 
195.772 
196. 767 
197.762 
196.757 
19!i. 752 
200.747 
201.742 
202.737 
203.722 
204.727 
205.722 
206.717 
207.712 
208.707 
20!). 702 
27 0.697 
21 1. ti92 
21 2. 667 
213. (is2 
214.677 
21 5.873 
216. 668 
217. 663 
216.658 
219.654 
220. 649 
221.644 
222. 640 
223.635 
224.631 
225. (i2G 
226. 622 
227.617 
228.613 
229.608 
230. 603 
231.599 
232. 504 
233.590 
2:34. 585 
235. 661 
236. 577 
237. 572 
238 568 

Diff orenrc 

0.994 
995 
994 
995 
994 
995 
995 
994 
995 
996 

0.994 
995 
995 
995 
995 
995 
995 
995 
995 
995 

0.995 
996 
995 
996 
995 
995 
995 
995 
995 
995 

0.995 
995 
995 
995 
995 
995 
9%; 
995 
995 
995 

0. 996 
995 
995 
996 
995 
996 
995 
096 
995 
996 

0.995 
995 
996 
!)95 
90(1 

995 
996 
996 
995 

0. 996 

117 

- 
Min- 
ntes. 

__ 

0 
1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
11 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
40 
41 
42 
&a 
44 
45 
40 
47 
48 
45 
50 
51 
52 
63 
64 
55 
56 
67 
58 
50 
GO - 



118 

Min- 
utes. 
- 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 

U. S. COAST A N D  GEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued. 
[Meridional distancesfor tho spheroid. Compression i& 
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370.209 
371.208 
372.207 
373.206 
374.20G 
375.205 
376. 204 
377.204 
378.203 
379.203 
380.202 
381.202 
382.201 
383.201 
384.200 
385.200 
380.200 
387.199 
388.198 
389.198 
390.198 
391.198 
392.198 
393.198 
394.198 
395.198 
396.198 
397.198 
398.198 
399.198 
400.198 
401.198 
402.198 
403.198 
404.199 
405.199 
406.199 
407.200 
408.200 
409.201 
410.201 
411.202 
412.202 
413.203 
414.203 
415.204 
416.205 
417.206 
418.206 

- 
)iffercnce. 

0.998 
999 
999 
999 
999 
999 
998 
999 

0.999 
1.000 
0.999 

999 
999 
999 

0.999 
1.000 
0.999 
0.999 
1.000 
0.999 
1.000 
0.999 
1.. 000 
0.999 
1.000 
0.999 
1.000 
1.000 
0.999 
0.999 
1.000 

000 
000 
000 
000 
000 
000 
000 
000 
000 

I * 000 
000 
000 
000 
000 
001 
000 
000 
001 
000 

1.001 
000 
001 
000 
001 
000 
001 
001 
001 

1.000 

70 
Meridional 
clistanco. 

418.206 
419.207 
420.208 
421.209 
422.209 
423.210 
424.211 
425.212 
426.213 
427.214 
428.216 
429.217 
430.218 
431.219 
432.220 
433.222 
434.223 
435.224 
436.226 
437.227 
438.229 
439.230 
440.232 
441.234 
442.235 
443.237 
444.239 
445.241 
440. 242 
447.244 
448.246 
449.248 
450.250 
451.252 
452.254 
453.256 
454.258 
455. 2(i0 
456. 262 
457.264 
458.267 
459.269 
460. 272 
461.274 
462.277 
463.279 
464.282 
165.284 
466. 287 
407.289 

469.295 
470.297 
471.300 
472.303 
473.306 
474.309 
475.312 
476.314 
477.337 
478.321 

468.292 

lifference 

, 
1.001 

001 
00 1 
000 
001 
001 
001 
001 
001 
002 

1.001 
001 
001 
001 
002 
001 
001 
002 
001 
002 

1.001 
002 
002 
001 
002 
002 
002 
001 
002 
002 

1.002 
002 
002 
002 
002 
002 
002 
002 
002 
003 

1.002 
003 
002 
003 
002 
003 
002 
003 
002 
003 

1.003 
002 
003 
003 
003 
003 
003 
002 
0w3 

1.004 

- - 
Min- 
1t05. 

- 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 



TEE MERCATOR PROJECTION. 

[Meridional distancesfor the sphuroid. ComprosPion &] 
- 

8' II So /I 10 
c- 

Min- 
utes. 

- -  __-_ - 
/I 11° 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
Y4 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
P3 
44 

46 
46 
47 
48 
49 
50 
61 
62 
63 
64 
55 
56 
67 
68 
69 
60 

L__ 

Difforonce. 

, 

":E 
oo3 ::: 
oo3 
oo3 ::: 
oo4 

!$$E' 
536.565 
539.591 
540.597 
541. 603 
542.609 
543.615 
544.621 
545.627 
546. 633 
547. 639 

, 
Moridional 
diutnnce. 

::! 
oo6 ::: 
8:: 
8:; 
oo7 

::; 
oo6 
oo7 ::; 
oo6 
oo7 

$; ::: 
oo7 

::; 
::! 
007 
Oo7 
Oo8 
Oo7 ::: 
Oo7 ::; ::: 

'. Oo7 
Oo6 
Oo8 
Oo8 
008 
Oo8 
Oo6 
Oo8 
Oo8 
008 

008 
Oo9 
008 
009 
'Os 
O0!' 
Oo8 

l.oo!) 

, 
478.321 
479.324 
480.327 
481.330 
462.333 
483.337 
464.340 
485.343 
486.347 
467.350 
486.354 
489.357 
490.361 
491.365 
492.369 
493.372 
494.376 
495.360 
496.384 
497.366 
496.392 
499.396 
500.400 
501.404 
502.408 
503.412 
504.416 
505.420 
506.424 
507.429 
506.433 
50!). 437 
510.442 
511.446 
512.451 
513.455 
514.4 60 
515.465 
51 6.169 
517.474 
518.479 
51 9.464 
520.489 
52 I. 4!)4 
522.499 
523.504 
524. bo!) 
625.514 
526.51 9 
527.525 
526. 530 
529.535 
530.540 
531.540 
532.561 
533.557 
534. 563 
535.568 
536.574 
537.560 
538.585 

599.019 
GOO. 026 
601.037 
602.046 
603.054 
604.063 
605.072 
606. 061 
607.091 
606.100 
609.109 
610.116 
611.128 
612.137 
617.146 
614.156 
615. lG6 
616. 175 
617.185 
G16.195 
619.204 
620.214 
62 I. 224 
622.234 
623.244 
624.254 
625. 2G4 
620.275 
627.285 
626.295 
629.305 
630. 31(; 
631.326 
632. 337 
633. 347 
634.758 
635. 3(i9 
636.379 
637.390 
638.401 
639.412 
640.423 
641.434 
642.445 
643.456 
644.467 
645.478 
646. 489 
G47. 500 
648. 512 
649.523 
650.535 
651.546 
652.558 
653.570 
654. 581 
655.593 
656. 605 
657. 617 
656. 629 
6 5 : E  

::: 
oo4 
oo3 

::: 
oo4 ::: 

'. ::: ::: 
oo4 

::: ::: 
004 

1. 004 ::: 
oo5 

:;; 
Oo5 
005 

I. oo5 
Oo5 
005 
006 
005 
oo5 
Oo5 
Oo5 
OoG 
005 
Oo5 
Oo5 

006 
ooG 
005 
006 
006 

1. oo5 

550.658 
551.664 
552.671 
553.677 
554. 684 
555. 690 
566.697 
557.703 
558.710 
559. 717 
560. 724 
561.731 
562.737 
563.744 
564.751 
565.756 
566.766 
567.773 
568.780 
56I). 767 
570.795 
571.802 
572.609 
573.617 
574.824 
575.832 
576. 639 
577.647 
576.855 
579.862 
560.870 
:,t;l.S?8 
5x2. hSO 
683. so4 
584. 902 
585.910 
566.918 
587.92G 
568.934 
589.942 
590.951 
597.959 
592.968 
593. 976 
594.985 
595.993 
597.002 
508.010 
599.019 

Difference 

1.009 
009 
009 
008 
009 
009 
009 
010 
009 
009 

1.009 
010 
009 
009 
010 
010 
009 
010 
010 
009 

1.010 
01 0 
010 
010 
010 
010 
011 
010 
010 
010 

1.011 
01 0 
011 
01 0 
01 1 
011 
010 
011 
011 
011 

1.011 
01 1 
01 1 
011 
011 
011 
021 
011 
012 
011 

1.012 
011 
01 2 
012 
01 1 
01 2 
012 
012 
01 2 

I. 012 

Meridional 
distance. 

659.641 
660. 653 
661. 665 
662.678 
663. 690 
664.702 
665.715 
666. 727 
667.740 
668.752 
669.765 
670.776 
671.790 
672.803 
673.816 
674.829 
675.642 
676.655 
677. 868 
678.661 
G79.694 
680.907 
661.920 
682.934 
663.947 
684.961 
685.974 
686. 988 
688. 002 
669.015 
690.029 
691.043 
692.057 
693.071 
694.065 
695.099 
696. 113 
697.126 
698.142 
699.156 
700.171 
701.165 
702.200 
703.215 
704.229 
705.244 
706. 259 
707.274 
706.269 
709.304 
710.319 
711.334 
712.349 
713.364 
714.379 
715.395 
716.410 
717.425 
718.441 
719.457 
720.472 

, 
Difference 

1.012 
012 
013 
012 
012 
013 
012 
013 
012 
013 

1.013 
012 
013 
013 
01 3 
013 
013 
013 
013 
01 3 

1.013 
013 
014 
013 
014 
013 
014 
01 4 
013 
014 

1.014 
014 
014 
014 
014 
014 
01 5 
014 
014 
01 5 

1.014 
01 5 
01 5 
014 
01 5 
015 
015 
015 
015 
015 

1.015 
015 
01 5 
015 
016 
015 
015 
016 
01 c 

1.015 

119 

-~ __ 

Min- 
utes. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
21 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
53 
64 
65 
66 
67 
68 
69 
60 -- 



120 

Min- 
utcs. 

_- 
0 
1 
2 
3 
4 
5 
G 
7 

9 
10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2G 
27 
28 
2'3 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 
50 
51  
52 
53 
54 
56 
56 
57 
58 
59 
GO 

a 

-L_ 

MERCATOR PROJECTION TABLE--C'ont,inucd. 
[Meridional distance8 for tho spheroid. Comprossion gb.1 

12O 

Meridional 
distance. 

'720. 472 
721.488 
722.504 
723. 520 
724.535 
725.551 
726. 567 
727.584 
728. ti00 
729.616 
730. 632 
731. 649 
732. 665 
733. 682 
734.698 
735.715 
736. 732 
737.749 
738.765 
739.782 
740.799 
741.816 
742.833 
743.850 
744.868 
745.885 
746.002 
747.919 
748.937 
749.954 
750.972 
751. 990 
753.007 
754.025 
755.043 
756. 061 
757.079 
758.097 
759.115 
760.134 
761. 152 
7ti2.170 
763.189 
764. 207 
765.226 
7GB. 244 
767. 2ti3 
768.282 
760.301 
770.320 
771.339 
772.358 
773.377 
774.396 
775.415 
776. 434 
777.454 
778.473 
779.493 
780.513 
781.632 

U. S. COAST AND GEODETIC SUIZVEY. 

ifference 

1.016 
016 
016 
015 
016 
016 
017 
016 
016 
016 

1.017 
01 6 
017 
016 
017 
017 
017 
016 
017 
017 

1.017 
017 
017 
018 
017 
017 
017 
018 
017 
018 

1.018 
017 
018 
018 
018 
018 
018 
018 
019 
018 

1.018 
019 
018 
019 
018 
019 
019 
019 
019 
01!J 

1. 019 
019 
019 
019 
01 9 
020 
019 
020 
020 

1. 019 

13O 

hfcridional 
distnnce. 

781.532 
782.552 
783. 572 
784. 592 
785.612 
786.632 
787.652 
788. 672 
789. 692 
790.712 
791.733 
792.753 
793.773 
794.794 
795.814 
796.835 
797.856 
798. 877 
799.898 
800.91 9 
801.940 
802.9ti1 
803.982 
805.003 
806.025 
807.046 
808.068 
803. 089 
810.111 
811.133 
812.155 
813.177 
814.199 
81 5.221 
816. 243 
817.265 
818.287 
SI 9.309 
820. 332 
8% I. 3 4  
822.377 
823. 399 
824. 422 
825.444 
826.467 
827.490 
828.513 
829.536 
830. 559 
831.582 
832.805 
833. 629 
834. 652 
835. 076 
83ti. ti99 
837. 723 
838.747 
839.771 
840.794 
841.818 
812.842 

lifferenco. 

1.. 020 
020 
020 
020 
020 
020 
020 
020 
020 
021 

1.020 
020 
021 
020 
021 
021 
021 
021 
021 
021 

1.021 
021 
021 
022 
021 
022 
021 
022 
022 
022 

1.022 
022 
022 
022 
022 
022 
022 
023 
022 
023 

1.022 
023 
022 
023 
023 
023 
023 
023 
023 
023 

1.024 
023 
024 
023 
024 
024 
024 
023 
024 

1.024 

- 
14 O 

Mcririional 
distance. 

842.842 
843. 868 
844. 890 
845.915 
846. 939 
847.963 
848. 988 
850.012 
851.037 
852.061 
853. 086 
854.111 
855.130 
856. 161 
857.186 
858.211 
859.236 
860. 262 
861.287 
862.312 
863.337 
864. 3F3 
865.389 
%ti. 415 
867.440 
8ti8. 466 
8G9. 492 
870.518 
871.544 
872.571 
873.597 
874.623 
875. 649 
876. 676 
877.702 
878.729 
879.75ti 
880. 782 
881.809 
882.836 
883. 803 
884. 891 
885.918 
886. 946 
887.073 
889.001 
890.028 
591. 051; 
892.084 
893. 112 
894.140 
895. 168 
896. 196 
897. 224 
8!)8. 262 
899. 280 
900. 308 
'301. 337 
902.365 
903. 394 
904.422 

lifforencc. 

1.024 
024 
025 
024 
024 
025 
024 
025 
024 
025 

1.025 
025 
025 
025 
025 
026 
026 
025 
025 
025 

1.026 
026 
026 
025 
026 
026 
026 
026 
027 
026 

1.026 
026 
027 
026 
027 
027 
02ti 
027 
027 
027 

1.028 
027 
028 
027 
028 
027 
028 
028 
028 
028 

1.028 
028 
028 
028 
028 
028 
029 
028 
029 

1.028 

15 O 

Mcridional 
diutanco. 

904.422 
905.451 
906. 480 
907.509 
908.538 
909.567 
910.596 
911. 626 
91 2. ti55 
91 3. 684 
914. 714 
915.743 
916. 773 
917.803 
918.832 
919.862 
920.892 
921.922 
922.953 
923.983 
925.013 
926. 044 
927.074 
028.105 
929.135 
930.166 
931.197 
932. 228 
933.259 
934.290 
935.321 
936. 352 
937.384 
938.415 
939.447 
940.478 
941. 510 
942. 542 
943. 573 
944. ti05 
945. ti37 
946. ti69 
947. 702 
948. 734 
919.766 
050.799 
951.832 
952. 864 
953. 896 
954. 929 
955. !JC2 
95G. 995 

959. 061 
9tio. 095 
961.128 
962.161 
'J(i3. 195 
964.228 
9ti5. 262 
966. 296 

958. 028 

)ifforonce 

1.029 
029 
029 
029 
029 
029 
030 
029 
02!) 
030 

1.029 
030 
030 
020 
030 
030 
030 
031 
030 
030 

1.031 
030 
03 1 
030 
03 1 
031 
031 
031 
03 1 
03 1 

1.031 
032 
031 
032 
03 1 
032 
032 
031 
032 
082 

1.032 
033 
032 
032 
033 
033 
032 
032 
033 
033 

1. 033 
033 
033 
034 
033 
033 
034 
033 
034 

1.034 

0 
1 
2 
3 
4 
5 
0 
7 
8 
'3 

10 
11 
12 
SJ 
14 
15 
1G 
17 
18 
19 
20 
21 
22 
2J 
24 
25 
20 
21 
28 
Z!) 
30 
31 
32 
sa 
34 
35 
36 
31 
38 
a!) 
40 
41 
42 
4J 
44 
45 
40 
47 
48 
49 
50 
6 1 
51 
53 
54 
55 
60 
57 
58 
6!) 
00 _- 



- - 
Min- 
utes. 
- 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
20 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
4% 
43  
41 
46 
4G 
41 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 

THE MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Continued. 
[Noridional distanccs for tho sphcroid. Comprossion & 

16' 
Moridionnl 
distnnco. 

, 
966. 296 
967.330 
9GS. 364 
969. 398 
970.432 
971.4GG 
972.500 
973.534 
974.5G8 
975. GO3 
976.638 
977.073 
978.707 
979.742 
980. 777 
981.812 
982.847 
983.882 
984.918 
985.953 
9%. 988 
988.024 
989. OGO 
990.095 
991.131 
992.167 
993.203 
994.239 
995.276 
99G. 312 
997.348 

999.421 
1000.458 

01.495 
02.532 
03.569 
04. GO6 
05.643 
06. GSO 

1007.718 
08.755 
09.793 
10.830 
11.878 
7 2. ROG 
13. !I43 
14.981 
16. 019 
17.058 

1018.096 
10. 134 
20.172 
21.210 
22.249 
23.288 
24.327 
25.3GG 
26.405 
27.444 

1028.483 

998.385 

GO 

)ifforonce 

I 

1.034 
034 
034 
034 
034 
034 
034 
034 
035 
035 

1.035 
034 
035 
035 
035 
035 
035 
036 
035 
035 

1.036 
036 
035 
03G 
03s 
03G 
03G 
037 
036 
03G 

1.037 
03 6 
037 
037 
037 
037 
037 
037 
037 
038 

1.037 
038 
037 
038 
038 
037 
03 8 
038 
039 
03 8 

1.038 
038 
038 
039 
039 
039 
039 
039 
03 9 

I .  039 

17' 
Meridional 
distance. 

1028.483 
29.522 
30.561 
31. GOO 
32.640 
33. 680 
34.719 
35.759 
36.799 
37. 839 

1038.879 
39.920 
40.9GO 
42.000 
43.041 
44.082 
45.122 
40.lG3 
47.204 
48.245 

1049.286 
50.327 
51.306 
52.409 
53.451 
54.493 
55.634 
56.570 
57.618 
58. (;GO 

1059.702 
GO. 744 
GI.  780 
62.828 
63.870 
64. !)13 
G5. 956 
66.998 
68.041 
G9.084 

1070.127 
71.170 
72.213 
73.357 
74.300 
75.343 
76.387 
77.431 
78.475 
79.51 8 

1080.562 
81. (io7 
82. 651 
83. (85 
84.739 
86.784 
8G. 828 
87.873 
88.918 
89. !Ki3 

1091 ,007 
~ 

Difference 
__- 

1.039 
039 
039 
040 
040 
039 
04 0 
040 
010 
040 

1.041 
040 
040 
041 
041 
040 
041 
041 
04 1 
041 

1.041 
041 
041 
042 
042 
04 1 
042 
042 
042 
042 

1.042 
042 
042 
04 2 
043 
043 
042 
043 
043 
043 

1.043 
0.1 3 
044 
043 
043 
04 4 
044 
04 4 
04 3 
04 4 

1.045 
044 
044 
0-14 
04 5 
044 
04 5 
04 5 
04 5 

1.044 

1S0 
Moridionnl 
distmco. 

1091.007 
92.052 
93.098 
94.143 
95.188 
96.234 
97.279 
98.325 

1099.370 
1100.416 
1101.4G2 

02.508 
03.554 
04.601 
05.647 
00. G93 
07.740 
OS. 787 
09.833 
10.880 

1111.927 
12.974 
14.021 
15.069 
16.116 
17.163 
18.211 
19.259 
20.307 
21.354 

1122.4::2 
23.131 
24. 409 
25.5 (7 
26. 505 
27. ti44 
28. (in3 
29.741 
30.790 
31.839 

1132.688 
33.937 
34.987 
36.03G 
37.086 
38.135 
39.185 
40.235 
41.285 
42.335 

1143.385 
44.435 
45.485 
46.536 
47.586 
48. G37 
49. 688 
50.738 
51.789 
52.840 

1153.891 

liffcronro 
__- 

1.045 
04G 
045 
045 
046 
045 
046 
045 
0-16 
046 

1.046 
04 G 
047 
04G 
046 
047 
04 7 
04 6 
047 
047 

1.047 
047 
04 8 
047 
047 
048 
048 
048 
047 
048 

1.049 
048 
048 
048 
04 9 
049 
04 8 
04'3 
04 9 
049 

1.049 
050 
049 
050 
049 
050 
050 
050 
050 
050 

1.050 
050 
05 1 
050 
05 1 
051 
050 
051 
051 

1.051 

19' 
Moridionnl 
distmco. 

1153.891 
54.943 
55.994 
57.046 
58.097 
59.149 
GO. 201 
G1.253 
G2.305 
(3.357 

1164.409 
G5.461 
GG. 514 
G7. 5GG 
68. 619 
09. 672 
70.724 
71.777 
72. S30 
73.884 

1174. 937 
75.990 
77.044 
78.097 
79.151 
80.205 
SI. 259 
82.313 
83.367 
84.421 

1185.47G 
86. 530 
87.585 
88.640 
8!). 695 
90.750 
91.805 
92.830 
93.915 
94.971 

119G. 026 
97. 082 
98.137 

1199.193 
1200.249 

01.305 
02.361 
03.417 
04.474 
05.530 

1206. 587 
07. 643 
08.700 
09.757 
10.814 
11.871 
12.929 
13.986 
15.044 
10.101 

1217.159 

Difformcc 

1.052 
051 
052 
051 
052 
052 
062 
052 
052 
052 

1.052 
053 
052 
053 
053 
052 
053 
053 
054 
053 

1.053 
054 
053 
054 
054 
054 
054 
054 
054 
055 

1.054 
055 
055 
055 
0t55 
055 
055 
055 
05 6 
055 

1.0% 
055 
05 6 
050 
056 
0% 
056 
057 
05 6 
057 

1. 0% 
057 
057 
057 
057 
058 
057 
058 
057 

1.058 

121 

- - 
Mill- 
utos. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
35 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
60 
67 
68 
60 
GO 



122 

.- 

hfin- 
Utes. 

__ 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61  
62 
63 
64 

65 
60 
67 
458 
69 
GO 

_- , 
1.058 

059 
058 
059 

059 
059 
059 
059 
059 

;;; 
OGO 
059 
OGO 

060 

'.!!: 
;E! 
060 
oGl 

061 ::: 
'.~,!$ ::: 

OG1 
062 
OG2 
062 
063 
062 

$2 ::; 
OG3 
063 
064 

06' ::: 
O(j4 

U. S. COAST AND GEODETIC SURVICY. 

MERCATOR PROJECTION TABLE-Continued. 

2n0 I1 21" I 1  22 O I /  23 ' 
[Mcridioml distances for tho splloroid. Compression &.I 

1280.835 
81.900 
82.965 
84.030 
85.095 
86.161 
87.226 
88.292 
89.357 
90.423 

1291.489 
92.555 
93.621 
94.688 
95.754 
96. 821 
97.887 

1298.964 
1300.021 

01.088 
1302.155 

03. 223 
04.290 
05.358 
06.425 
07.493 
08.561 
09.629 
10.697 
11.765 

1312.834 
13.902 
14.971 
16. 040 
17.109 
18.178 
19.247 
20.316 
21.386 
22.455 

1323.625 
24.595 
25.665 
26.735 
27.805 
28.875 
29.945 
31.016 
32.086 
33.157 

1334. 228 
35. 299 
3(i. 370 
37.442 
38.513 
39.585 
40. 657 
41. 728 

43. 872 

Meridional 
distnncc. 

1.;;; :; 
072 
073 

:;; 

074 

1217.159 
18.217 
19. 275 
20.333 
21.392 
22.450 
23. 509 
24.567 
25. 626 
26.685 

1227.744 
28.803 
29.862 
30.921 
31.980 
33.040 
34.099 
35.159 
36.218 
37.278 

1238.340 
39.399 
40.459 
41.519 
42.580 
43.640 
44.701 
45.762 
46.823 
47.884 

1248.945 
50.006 
51.068 
52.129 
53.191 
54.262 
55.314 
56.376 
57.438 
58.601 

1259.563 
60. 626 
61. 688 
62.751 
63.814 
64.877 
65.940 
67.003 
(23. 067 
69.130 

1270.194 
71.257 
72.321 
73.385 
74.449 
75.513 
76.577 
77. Ii42 
78. 706 
79. 771 

1280.835 

1409.513 
10.593 
11. G73 
12.754 
13.834 
14.915 
15.996 
17.077 
18.158 
19.239 

1420.321 
21.402 
22.484 
23.5GG 
24. 647 

074 :;: 
:;; 

1. 074 
075 :;: 
075 
076 

:;! 
:;E 

1. 076 
077 
076 :;: 

' I/ ' 

25.729 
26.812 
27.894 
28.976 
30.059 

1431.142 
32.225 
33.308 
34.391. 
35.474 
36.557 
37. 641 
38. 725 
39.809 
40.893 

1441.977 
43.061 
44.146 
45.230 
46.315 

1.065 
065 
OF5 
065 
066 
065 
066 
065 
066 
066 

_ .  . 

077 

:;; 
:;; ,., 077 

00;: 
$: 

1.066 
066 
067 
066 
06 7 

47.400 
48.485 
49.570 
50. 655 
51. 741 

1452.826 
53.912 
54.9!)8 
56.084 
57.170 

066 
057 
067 
067 

078 
8;; 
078 
079 

1, 070 
079 

080 

067 

1 58.256 
59.343 
GO. 429 I 

1463. 690 
64.776 
65. 864 
66.951 
68.038 

1.068 
067 
068 

07, 

:;$ 
071 
072 

067 
OF8 
068 
068 
068 
068 
069 

1.068 
OG9 
069 
069 
069 
069 
069 
070 
069 
070 

1.070 
070 
070 
070 
070 

13%. 718 
1399.797 
1400.876 

01.955 
03. 034 

070 
071 
070 
07 I 
07 1 

079 

:!: 
080 

1344. 945 
46.017 
47.089 
48.162 
49.235 

69.126 
70.214 
71.302 
72.390 
73.478 

1474.566 

50.307 
51.380 
52.453 
53.526 
54.600 

1355.673 
56. 747 
57.820 
58.894 
59.968 
61.042 
62.116 
63.191 
64. 2G5 
65.340 

1366.415 
67.489 
G8.564 
69. 640 
70. 715 
71 790 . ~ .  

72. 8G6 
73.942 
75.017 
76.093 

1377.169 
78.245 
79.322 
80.398 
81.475 
82.551 
83. 628 
84.705 
85. 782 
86. 860 

1387.937 
8!1. 014 
90.092 
91.170 
92.248 
93. 326 
94.404 
!)5. 482 
OD. 561 
97.639 

Difforcnce 

1.080 
080 
081 
080 
08 1 
081 
081 
061 
081 
082 

1.081 
082 
082 
081 
082 
083 
082 
082 
083 
083 

1.083 
083 
083 
083 
083 
084 
084 
084 
084 
084 

1.084 
085 
084 
086 
085 
085 
085 
085 
086 
085 

1.086 
086 
086 
086 
086 
087 
086 
08 7 
087 
087 

1. 086 
088 
087 
087 
088 
088 
088 
088 
088 

1.085 

- 
I_ 

Min- 
utos. 

- 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

30 
31 
3% 
34 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
sa 
54 
55 
60 
67 
68 
69 
GO - 



======= 

Min- 
utcs. 

0 
1 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31  
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 

50 
51 
&J 
53 
54 
55 
50 
57 
58 
59 
GO - 

T H B  MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Continued. 
[Moritlionul (iistnnccs for tho splleroid. Compression &] 

_ _ ~  

/I 
Meridional 
distnnco. 

1474.566 
75.655 
76. 743 
77.832 
78.921 
80.010 
81.099 
82.189 
83.278 
84.368 

1485.458 
86. 548 
87. 638 
88.728 
89. 819 
90.909 
92.000 
93. 091 
94.182 
95.273 

1496.364 
97.455 
98. 547 

1499. 639 
1500.730 

01.822 
02.914 
04.007 
05.099 
06. 192 

1507.284 
08.377 
09.470 
10.563 
11. 656 
12.750 
13.843 
14.937 
16. 031 
17.125 

1518.219 
19.313 
20.408 
21.502 
22.597 
23.692 
24.787 
25.882 
26.978 
28.073 

1629.169 
30.265 
31.361 
32.457 
33.553 
34. 650 
35.746 
36.843 
37.940 
39.037 

1540.134 ~- 

Difforonco. 

1.089 
088 
089 
089 
089 
089 
090 
089 
090 
090 

1.090 
090 
090 
091 
090 
091 
091 
091 
091 
091 

1.091 
092 
092 
091 
092 
092 
093 
092 
093 
092 

1.093 
093 
093 
093 
094 
093 
094 
094 
094 
094 

1.094 
095 
094 
095 
095 
095 
095 
096 
095 
096 

1.096 
09ti 
096 
OD6 
097 
096 
097 
097 
097 

1.097 

Moridionnl 1 1  d i s t y  

11 1540.134 
41.231 

44.524 
45.622 
46.720 
47.818 
48.916 
50.015 

1551.113 
52.212 
53.311 
54.410 
55.509 
50. GO9 
57.708 
58.808 
59.908 
61.008 

1562.108 
63.209 
64.309 
65.410 
66. 511 
67.612 
68.713 1 1  69.814 
70.915 11 72.017 

1573.1.19 11 74.221 
75.323 
76.425 11 77.527 
78.629 

1584.144 / /  85.248 
86. 351 
87.455 11 88.559 
89.663 
90.767 
91.871 
92.97F 
94.081 

1595.186 
96.291 
97.396 
98.602 

1599.607 

Dlfforcnco 

1.097 
097 
098 
098 
098 
098 
098 
098 
099 
098 

1.099 
099 
099 
099 
100 
099 
100 
100 
100 
100 

1.101 
100 
101 
101 
101 
101 
101 
101 
102 
102 

1.102 
102 
102 
102 
102 
I 03 
103 
103 
103 
103 

1.104 
103 
104 
104 
104 
104 
104 
105 
105 
105 

1.105 
105 
105 
IO6 
105 
106 
106 
106 
106 

1.107 

Mcridionnl 
distance. 

__- 
I 

1606. 243 
07.349 
08.456 
09.563 
10.670 
11.777 
12.884 
13.992 
15.099 
16.207 

1617.315 
18.423 
19.532 
20.640 
21.749 
22.858 
23.967 
25.076 
26.185 
27.295 

1628.404 
29.514 
30.624 
31.734 
32.844 
33.955 
35.065 
36. 17G 
37.287 
38.398 

1G39.509 
40.021 
41.733 
42. 844 
43.956 
45.068 
46.181 
47.293 
48.406 
49.518 

1650. 631 
51.744 
52.857 
53. 971 
55. ox4 

57.312 
58.426 
59.540 
60. 654 

1661.769 
62.884 
(i3. 998 
65. 1 1:3 
ti6.22!) 
67.344 
(i8. 459 
69.575 
70. 691 
71.807 

1672.923 

56.198 

Diffcrcnrc 

1.10G 
107 
107 
107 
107 
107 
108 
107 
108 
108 

1.108 
109 
108 
209 
109 
109 
109 
109 
110 
109 

1.110 
110 
110 
110 
111 
110 
111 
111 
111 
111 

1.112 
112 
111 
112 
112 
113 
112 
113 
112 
113 

1.113 
113 
114 
113 
114 
114 
114 
114 
114 
115 

1.115 
114 
115 
116 
115 
115 
116 
l l ( i  
110 

1.116 

Mori ti ionnl 
distmcc. 

1672.923 
74.040 
75.156 
76.273 
77.390 
78.507 
79. 624 
80.741 
81.859 
82.976 

1684.094 
85.212 
86. 331 
87.449 
88.567 
89.686 
90.805 
91.924 
93.043 
94.163 

1695.282 
96.402 
97.522 
98.642 

1699.762 
1700.883 

02.003 
03.124 
04.245 
05.366 

1706.487 
07.609 
08.730 
09.852 
10.974 
12.096 
13.219 
14.341 
15.464 
16.586 

1717.709 
18.833 
19.956 
21.080 
22.203 
23.327 
24.451 
25.575 
26.700 
27.824 

1725. 9-19 
30.074 
31.199 
32.324 
33.450 
34.575 
35.701 
36.827 
37.955 
39.080 

1740.206 

iXfl'crcnrc 

1.117 
116 
117 
117 
117 
117 
117 
118 
117 
118 

1.118 
119 
118 
118 
119 
119 
119 
119 
120 
119 

1.120 
120 
120 
120 
121 
120 
121 
121 
121 
121 

1.122 
121 
122 
122 
122 
123 
122 
123 
122 
123 

1.124 
123 
124 
123 
124 
124 
124 
125 
124 
125 

1.125 
125 
125 
126 
125 
126 
126 
126 
127 

1.126 

123 

- .-__ 

Nin- 
utes. 

- 
0 
1 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31  
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
12 
43 
44 
45 
40 
47 
48 
49 
50 
51 
52 
53 
64 
55 
56 
51 
58 
59 
GO ____ 



124 

~ 

1. 127 

i;; 
;;; 
128 

- 
I_ 

Min- 
utes. 
- 

0 
1 
2 
3 
4 
5 
0 
7 
8 
9 
10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 
60 
61 
62 
63 
64 
55 
66 
57 
58 

. 69 
60 
I 

1808.122 
09.260 
10.398 
11.535 
12.673 
13.812 

U. S. COAST AND GEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued. 
[Meridional distances for tho spheroid. Compression 2&.1 

'-;:: 
i:! 
137 

138 
139 ;:: 
139 

'*;;; 
139 

i:: 
141 

i:y 
i:i 

'* i:: 
142 

i:; 
i:: 
i:; 

'*;:: 
2; 
144 

145 

142 

145 

"i:; 
i:; 
i2g 
::; 
::; 
i:; 

146 

146 

1.147 

28' I /  29 ' ,I 30' /I 31' 

1876.706 
77.855 

80.153 
81.303 

79.004 

82.453 
83.603 
84.753 
85.903 

1888.204 
89,355 
90.506 
91.657 
92.809 
93.960 
95.112 
96.264 
97.416 
98.569 

1899.721 
1900.874 

02.027 
03.181 
04.334 

06.642 
07.796 
08.950 
10.105 

1911.259 
12.414 
13.569 
14.724 
15.880 
17.035 
18.191 
19.347 
20.503 
21.GGO 

1922.816 
23.973 
25.130 
26.287 

28.603 
29.760 

32.077 
33.235 

1934.394 
35.553 
36.712 
37.871 
30.031 

87.053 

05.488 

27.445 

30.918 

Meridional 
distance. 

1740.206 
41.333 
42.460 
43.587 
44.714 
45.841 
46.969 
48.09fj 
49.224 
50.352 

1751.481 
52. 609 
53.738 
54.866 
55.995 
57.124 
58.254 
59.383 
60.513 
61.643 

1762.773 
63.903 
65.033 
66.164 
67.295 
68.426 
69.557 
70.688 
71.820 
72.951 

1774.083 
75.215 
76.347 
77.479 
78.612 
79.745 
80.877 
82.011 
83.144 
84.277 

1785.411 
86.545 
87.679 
88.813 
89.946 
91.082 
92.217 
93.352 
94.487 
95.622 

1796.758 
97.893 

1799.029 
1800.165 

01.301 
02.438 
03.574 
04.711 
05.848 
06.985 

1808.122 - _- 

1. 149 

iz; 

Meridional 'iffermce'll distance. 

1945.992 
47.153 
48.314 
49.476 
50.637 

150 
150 
150 ;:; 

1. 151 
161 

151 
152 

153 
152 

1. 153 

154 

iz: 

I 51.799 
52.961 
54.123 
55.285 
56.448 

1957.611 
58.774 
59.937 
61.100 
62.263 
63.427 
64.591 
65.756 
66. 920 
68.085 

1969.249 
70.414 
71.580 
72.745 
73.911 
75.077 
76.243 
77.409 
78.575 
79.742 

1. 128 ' 
128 

i;: 
129 

Meridional MTermce., distmcc. 

1819.506 

21.785 
22.924 
24.064 

20.645 

1.;;; 

155 

:;; 
157 
156 

1. 157 
157 

i:: 

156 

1980.909 
82.0l6 
83.244 
84.411 
85.579 
86. 747 
87.915 

90.252 
91.421 

1992.590 
93.759 
94.929 
96.098 
97.268 

89.084 

135 
135 

59.496 
60.642 
G1.788 

-_. 

157 

;:; 
1. 159 

ig: 
160 
160 
"0 

98.438 
1999.609 
2000.779 

01.950 
03.121 

2004.292 
05.463 
06.635 
07.507 
08.979 
10.151 
11.323 
12.496 
13. (i(j9 
14.842 

Differencs 

1 

1.161 
161 
162 
161 
162 
162 
162 
162 
163 
163 

1.163 
163 
163 
163 
164 
164 
165 
164 
165 
164 

1.165 
166 
165 
166 
166 
166 
166 
166 
167 
167 

1.167 
168 
167 
168 
168 
168 
169 
168 
169 
169 

1.169 
170 
169 
170 
170 
17 1 
170 
171 
171 
171 

1.171 
172 
172 
172 
172 
172 
173 
173 
173 

1.173 
____ - 2016.015 

_- 
Min- 
utos. 

13c 

137 
137 

0 
1 
2 
3 
4 
5 
0 
7 
8 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 
50 
61 
62 
53 
64 
65 
60 
57 
68 
69 
GO 

70.964 

73.260 
1 72.112 148 

148 

i:! *' 14' 
~- 

40.191 
41.351 
42.511 
43.671 
44.832 

1945.9'32. - _ _ _  



-- 
Min- 
utes. 

0 
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2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 -- 

THE MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Contin1 
[Meridional distance8 for the spheroid. Comprassion zf;i 
L 

32 O 

Meridionnl 
distancc. 

2016.015 
17.189 
18.363 
19.537 
20.711 
21.885 
23.060 
24.235 
25.410 
26.585 

2027.761 
28.936 
30.112 
31.288 
32.464 
33.641 
34.818 
35.995 
37.172 
36.349 

2039.527 
40.705 
41.883 
43.061 
44.239 
45.418 
46.597 
47.776 
48.955 
50.134 

2051.314 
52.495 
53.675 
54.856 
56.036 
57.217 
58.399 
59.580 
GO. 762 
61.944 

2063.126 
64.308 
65.491 
66.674 
67.857 
69.040 
70.223 
71.407 
72.591 
73.775 

2074.959 
76.144 
77.328 
78.513 
79.698 
60.884 
82.069 
83.255 
84.441 
85.628 

2086.814 

)iffercnce. 

1.174 
174 
174 
174 
174 
175 
175 
175 
175 
176 

1.175 
176 
176 
176 
177 
177 
177 
177 
177 
178 

1.178 
178 
178 
178 
179 
179 
179 
179 
179 
180 

1.181 
180 
181 
180 
181 
182 
181 
182 
182 
182 

1.182 
183 
183 
183 
183 
183 
184 
184 
184 
184 

1.185 
184 
185 
185 
186 
185 
186 
186 
187 

1.186 

33O 
Meridional 
distance. 

2086.814 
88.001 
89.188 
90.376 
91.563 
92.751 
93.939 
95.127 
96.315 
97.504 

2098.693 
2099.882 
2101.071 

02.260 
03.450 
04. G40 
05.830 
07.021 
08.211 
09.402 

2110.593 
11.785 
12.976 
14.168 
15.360 
16. 552 
17.745 
18.637 
20.130 
21.323 

2122.517 
23.711 
24.904 
26.098 
27.293 
28.487 
29.682 
30.877 
32.072 
33.268 

2134.464 
35.660 

38.052 
39.249 
40.446 
41.643 
42.841 
44.038 
45.236 

2146.434 
47.633 
48.831 
50.030 
51.229 
52.428 
53. 627 
54.827 
56.027 
57.227 

2158.428 

36.856 

)ifferonce. 

1.187 
187 
188 
187 
188 
188 
188 
188 
189 
189 

1.189 
189 
189 
190 
190 
190 
191 
190 
191 
191 

1.192 
191 
192 
192 
192 
193 
192 
193 
193 
194 

1.194 
193 
194 
195 
194 
195 
195 
195 
196 
196 

1.196 
196 
196 
197 
197 
197 
198 
197 
198 
198 

1.199 
198 
199 
199 
199 

1.199 
1.200 

200 
200 

1.201 

34O 
Mcridionnl 
distance. 

2158.428 
59.629 
GO. 830 
62.031 
63.232 
64.434 
65.636 
GG. 838 
68.041 
69.243 

2170.446 
71.649 
72.853 
74.056 
75.260 
76.464 
77. GG8 
78.873 
80.077 
61.282 

2182.488 
83.693 
84.899 
86.105 
87.311 
88.518 
89.724 
90.931 
92.138 
93.34G 

2194.554 
95.762 
96. 970 
98.178 

2199.386 
2200.595 

01.804 
03.014 
04.223 
05.433 

2206.643 
07.854 
09.065 
10.27G 
11.487 
12.698 
13.910 
15.122 
16.334 
17.546 

2218.759 
19.972 
21.185 
22.398 
23. 611 
24.825 
26.039 
27.253 
28.468 
29. 683 

2230.898 

)ifforonce. 

, 
1.201 

201 
201 
201 
202 
202 
202 
203 
202 
203 

1.203 
204 
203 
204 
204 
204 
205 
204 
205 
206 

1.205 
206 
206 
206 
207 
206 
207 
207 
208 
208 

1.208 
208 
208 
208 
209 
209 
210 
209 
210 
210 

1.211 
211 
211 
211 
211 
212 
212 
212 
212 
213 

1.213 
213 
213 
213 
214 
214 
214 
215 
215 

1.215 

1. 

36' 
Moridionnl 
distance. 

2230.898 
32.113 
33.329 
34.545 
35.761 
3G. 977 
38.194 
39.411 
40.628 
41.845 

2243.063 
44.281 
45.499 
46. 717 
47.936 
49.155 
50.374 
51.593 
52.813 
54.033 

2255.253 
56. 473 
57.693 
58.914 
GO. 135 
61.357 
62.578 
63.800 
65.022 
GG. 245 

2267.467 
68.690 
69.913 
71.137 
72.361 
73.585 
74.809 
76. 033 
77.258 
78.483 

2279.708 
80.934 
82.159 
83.385 
84.612 
85.838 
87.065 
88.292 
89.519 
90.747 

2291.975 
93.203 
94.431 
95.660 
96.889 
98.118 

2299.347 
2300.577 

01.807 
03.037 

2304.267 

lifferonco. 

1.215 
210 
216 
216 
216 
217 
217 
217 
217 
218 

1.218 
218 
218 
219 
219 
219 
219 
220 
220 
220 

1.220 
220 
221 
221 
222 
221 
222 
222 
223 
222 

1.223 
223 
224 
224 
224 
224 
224 
225 
225 
225 

1.226 
225 
226 
227 
226 
227 
227 
227 
228 
228 

1.228 
228 
229 
229 
229 
229 
230 
230 
230 

1.230 ___  - 

135 

~ - 
Nin- 
I ta .  

- 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
62 
53 
54 
66 
56 
67 
68 
69 
60 .-_.- 
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Min- 
utes. -I ifference., 

, 
1.264 

264 
264 
265 
265 
265 
266 
266 
266 
266 

1.267 
267 
267 
268 
268 
268 
269 
268 
269 
270 

1.269 
270 
271 
270 
271 
271 
272 
271 
272 
273 

1.272 
273 
273 
274 
274 
274 
274 
275 
275 
275 

1.276 
276 
276 
276 
277 
277 
277 
278 
278 
278 

1.279 
279 
279 
279 
280 
280 
281 
280 
281 

1.282 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
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43 
44 
45 
46 
47 
48 
49 
50 
61  
62 
63 
64 
65 
56 
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68 
69 
60 - 

U. S. COAST AND GEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued. 
[Meridional clistancos for tho spheroid. Comprcssion 2h.1 

36' I 
Heridlonal 
distance. 

304.267 
05.498 
06. 729 
07.960 
09.192 
10.423 
21. 655 
12.887 
14.120 
15.353 

2316.586 
17.819 
19.053 
20.287 
21.521 
22.755 
23.990 
25.225 
26.460 
27.695 

2328.931 
30.167 
31.404 
32.640 
33.877 
35.114 
36.351 
37.589 
38.827 
40.065 

2341.303 
42.542 
43.781 
45.020 
46. 260 
47.500 
48.740 
49.980 
51.221 
52.462 

2353.703 
54.944 
56.185 
57.427 
58. 669 
59.912 
61.154 
62.397 
63.641 
64.884 

2366.128 
67.372 
68. 616 
69. 8G1 
71.106 
72.351 
73.597 
74.842 
76.088 
77.335 

2378.581 ____ 

iffercncc. 

1.231 
231 
231 
232 
231 
232 
232 
233 
233 
233 

1.233 
234 
234 
234 
234 
235 
235 
235 
235 
236 

1.236 
237 
236 
237 
237 
237 
238 
238 
238 
238 

1.239 
239 
239 
240 
240 
240 
240 
241 
241 
241 

1.241 
24 1 
242 
242 
243 
212 
243 
244 
243 
244 

1.244 
24 4 
245 
24 5 
24 5 
246 
245 
246 
24 7 

1.246 

37 O 

Iloridional 
distance. 

378.581 
79.828 
81.075 
82.323 
83.570 
84.818 
86. OGG 
87.315 
88.564 
89.813 

!3!)1. 062 
92.312 
93.562 
94.812 
96.062 
97.313 
98.564 

2399. 816 
1401.067 

02.319 
1403.571 

04.824 
06.076 
07.329 
08. 582 
09.836 
11.090 
12.344 
13.598 
14.853 

2416.108 
17.363 
18. 618 
19.874 
21.130 
22.386 
23. 643 
24.900 
26.1 57 
27.415 

2428.672 
29.930 
31.189 
32.448 
33.707 
34. $166 
36.225 
37.485 
38.745 
40. 006 

2441.266 
42.527 
43.788 
45. 050 
46.311 
47.573 
48.836 
50.098 
51.361 
52.624 

2453.888 

ifferenco. 

, 
1.247 

247 
248 
247 
248 
24 8 
249 
249 
249 
249 

1.250 
250 
250 
250 
251 
251 
252 
251 
252 
252 

1.253 
252 
253 
253 
254 
254 
254 
254 
255 
255 

1.255 
255 
256 
256 
256 
257 
257 
257 
258 
257 

1.258 
259 
259 
259 
259 
259 
260 
260 
261 
260 

1.261 
261 
2G2 
261 
262 
263 
262 
263 
263 

1. 2G4 

38' I 
Meridional 
distance. 

t453.888 
55.152 
56.41 6 
57. 680 
58.945 
GO. 210 
61.475 
62.741 
64.007 
65.273 

2466.539 
67.806 
69.073 
70.340 
71. 608 
72.876 
74.144 
75.413 
76.681 
77.950 

2479.220 
80.489 
81.759 
83.030 
84.300 
85.571 
86. 842 
88.114 
89.385 
90. 657 

2491.930 
93.202 
94.475 
95.748 
97.022 
98.296 

2499.570 
2500.844 

02.119 
03.394 

2504.669 
05.945 
07.221 
08.497 
09.773 
11.050 
12.327 
13.604 
14.882 
16.160 

2517.438 
18.717 
19.996 
21.275 
22.554 
23.834 
25.114 
26.395 
27.675 
28.956 

2530.238 

390 
Meridional 
distance. 

1530.238 
31.519 
32.801 
34.083 
35.366 
36. 649 
37.932 
39. 225 
40.499 
41.783 

2543.068 
44.352 
45.637 
46.922 
48.208 
49.494 
50.781 
52.067 
53.354 
54.641 

2555.929 
57.21 6 
58.504 
59.793 
61.081 
62.370 
63. 660 
64.949 
66. 239 
67.529 

2568.820 
70.111 
71.402 
72. 694 
73.986 
75.278 
76.570 
77.863 
79.156 
80.449 

2581.743 
83.037 
84.331 
85.626 
86.921 
88.216 
89.511 
90.807 
92.103 
93.400 

2594.697 
95.994 
97.292 
98.590 

2599.888 
2601.186 

02.485 
03.784 
05.084 
06.383 

2607.683 

I 

iffermce 
_ _  

1 

1.281 
282 
282 
283 
283 
283 
283 
284 
284 
285 

1.284 
285 
285 
286 
286 
287 
286 
287 
287 
288 

1.287 
288 
289 
288 
289 
290 
289 
290 
290 
291 

1.291 
291 
292 
292 
292 
292 
293 
293 
293 
294 

1.294 
294 
295 
295 
295 
295 
296 
296 
297 
297 

1.297 
298 
298 
298 
298 
299 

1.299 
1.300 
1.299 
1.300 

- - 
din- 
h s .  

- 
0 
1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
62 
63 
64 
66 
66 
67 
68 
69 
GO __ 
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_ _ _ ~  

"g:: 
;:; 

Min- 
utos. 

2686. 280 
87. GOO 
88.920 
90.241 
91.562 
92.884 

0 
1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
11 
12 
la  
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3G 
37 
38 
39 
40 
41 
42 
43 
44 
45 
4G 
47 
48 
49 
60 
81 
62 
53 
54 
65 
SG 
57 
68 
59 
GO ___ 

' 
341 
342 
342 
342 ;:: 
;;; 
"3; 

1. 344 

i:; 
34(j 
347 

zi; 
347 

1.348 ;:: 
;;; 
350 
350 

8; 
351 

l.iii 
352 

MERCATOR PROJECTION TABLE-Continued. 
[Moridional distnncos for the spheroid. Compression &.] 

--.-___--- 

I1  

2847.171 
48.533 
49.896 
51.260 
52. 623 
53.987 
65.352 
56.716 
58.081 
69.447 

2860.813 
62.179 
63.546 
64.913 
66. 280 
67. 648 
69.016 
70.384 
71.753 
73.123 

2874.492 
75.862 
77.233 
78. 604 
79.975 
81.347 
82.719 
84.091 
85.464 
86. 837 

2888.211 
89.585 
90.959 
92.333 
93.708 

Moridionnl 
distnnco. 

1, 320 :;; 
;i; 
322 

iii 
"3; 

1. 324 

33;: 
:ig 
325 

iig 
ii: 
":i: 

327 

ii: 
329 

ii; 
ii: 

1. 330 

;;! :;; 
:ii 
gii 
333 

t607. 683 
08.984 
10.284 
11.585 
12.886 
14.188 
15.490 
16.792 
18.095 
19.398 

2620. 701 
22.004 
23.308 
24. 612 
25.917 
27.222 
28.527 
29.833 
31.139 
32.445 

2633.751 
35.068 
36.365 
37. 672 
38.980 
40.288 
41.597 
42.906 
44.215 
45.524 

2646.834 
48.144 
49.454 
50.7G5 
52.076 
53.388 
54.700 
56. 012 
57.324 
58.637 

2659.950 
61.263 
62.577 
63.891 
65.205 
66.520 
67.835 
69.160 
70.466 
71.782 

2673.099 
74.415 
75.732 
77.049 
78.367 
79.685 
81.003 
82.322 
83.641 
81. 960 

2680. 280 - 

2766.089 
67.430 
68. 771 
70.112 
71.454 
72.796 
74.138 
75.481 
76. 824 
78.168 

2779.512 
80.856 
82.201 
83.646 
84.891 
86.237 
87. 583 
88.930 
90.277 
91.624 

2792.971 
94.319 
95. 667 
97.016 
98.365 

2799.714 
2801.064 

02.414 
03.764 
05.115 

2806.466 
07.818 
09.170 
10.522 
11.875 
13.228 
14.581 
15.935 
17.289 
18. 643 

33;; 
303 

;:: 
::: 
306 

1.307 

Z;; 
i:: 
309 
309 z:; 
310 

1*310 
3*0 
311 
311 
312 
312 

:;i 
313 
313 

'.::: 
314 
314 
315 
315 
315 

31G 
317 

Moridionnl 
ifforonce' / I  distnnco. 

95. 528 
96. 850 
98.173 

2G99.496 
2700.820 

02.143 
03.467 
04.792 
06.117 
07.442 
08.767 
10.093 
11.419 

2712.746 
14.073 
15.400 
16. 727 
18.055 
19.383 
20.712 
22.041 
23.370 
24.700 

2726.030 
27.360 
28.690 
30.021 
31.352 
32.684 
34.016 
35.348 
36. 681 
38.014 

2739.347 
40.681 
42.015 
43.350 
44.684 
46.019 
47.355 
48.G91 
50.027 
51.3G3 

2752.700 

55.375 

7-11 I 

::: 
8: 
355 

'. 355 

ig! 
356 
35G 

96.084 
96.460 
97.836 

2899. 212 
2900.589 
2901. 966 

03. 344 
04. 722 
06. 100 
07. 47!1 

.~ .  

1.;:: '" 
334 
335 
336 

2819.998 
21.353 
22. 709 
24.065 
25.421 
26. 777 
28.134 

Moridional 
distanco. 

1. 338 
337 

;;: 
338 

2863. bUU 
34.925 
36.284 
37.643 
39.003 

1. 359 
359 
359 
36O 
361 

L Y I J .  IUU 

17.142 
18.524 
19. 906 
21.289 
22 A72 

lifforence 

;+: 
318 
328 

319 '' 320 

, 
1.3G2 

363 
364 
363 
364 
365 
364 
365 
3DG 
366 

1.366 
367 
367 
367 
368 
368 
368 
369 
370 
369 

1.370 
371 
371 
371 
372 
372 
372 
373 
373 
374 

1.374 
374 
374 
375 
376 
376 
376 
376 
377 
377 

1.378 
378 
378 
379 
379 
380 
380 
380 
381 
381 

1.382 
382 
382 
383 
383 
384 
384 
384 
385 

1.385 

56.713 
58.052 
59.390 
60. 729 
62. 060 
63. 409 
64. 749 

1 2766. 089 

- - 
lin- 
tes. 

0 
1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
11 
12 
13 
14 
15 
lG 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
31 
33 
34 
36 
311 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
52 
53 
64 
55 
60 
57 
68 
69 
fin 
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[Meridional distances for the 
-_______- --__-__-- 

46" /I 4 4 O  I1 
Min- 
utos. 

spheroid. Compression 431 
~~ 

__ .. 
40O / I  47 a 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
56 
66 
67 
68 
69 
60 - 

~ e r e n c e ,  

410 
410 
410 
411 
411 
'12 
412 
413 
413 
413 

1.414 
414 
414 
415 
41 6 
41G 
416 
416 
417 
41 8 

418 
419 
420 
419 
420 

421 
422 

1.422 

iii :;: 
::: 
42B 
425 
426 

1. 427 
427 ::; 
428 
428 
429 

2;: 
430 

'.::: 
:$ 
432 

:;: :;: 
" 435 

Meridional 
distance. 

, 
3098.747 
3100.182 

01.617 
03.053 
04.490 
05.927 
07.364 
08.802 
10.240 
11.678 

3113.117 
14.557 
15.997 
17.437 
18.878 
20.319 
21.761 
23.203 
24.645 
26.088 

3127.531 
28.975 
30.419 
31.864 
33.309 
34.755 
36.201 
37.647 
39.094 
40.541 

3141.989 
43.438 
44. 88G 
46.335 
47.785 
49.235 
50. 680 
52.137 
53.588 
55.040 

3156.402 
57.945 
59.398 
GO. 852 
62.306 
63.7G1 
65.216 
66. 671 
68.127 
69.584 

3171.041 
72.498 
73.956 
75.414 
76.873 
78.332 
79.791 
81.251 
82.712 
84.173 

3185. G34 

deridional 
distance. 

929.594 
30.979 
32.365 
33.751 
35.138 
36.525 
37.913 
39.300 
40.688 
42.077 

943.466 
44.855 
46.245 
47.635 
49.026 
50.417 
51.808 
53.200 
54.592 
55.985 

!957.378 
58.771 
60.165 
61.559 
62.953 
64.348 
65.744 
67.140 
68.536 
69.932 

1971.329 
72.727 
74.124 
75.522 
76.921 
78.320 
79.719 
81.119 
82.519 
83.920 

2985.321 
86.722 
88.124 
89.527 
90.929 
92.332 
93.736 
95.140 
96.544 
97.949 

2999.354 
3000.759 

02.165 
03.572 
04.978 
06.385 
07.793 
09.201 
10. 609 
12.018 

3013.427 

,Kerence. 

~ 1 , 
1. 435 

$;; 
:;; 
438 ::: 
440 ::: ::; 
::; 
442 ::: 

1.444 
444 
445 

446 
446 
447 
447 
448 

'.::! 
449 

451 

tg: 
:gi 

'.:E 
454 
454 
455 
455 

2:; 
457 
457 
457 
458 
458 ::; 
459 
460 

:!: '' 4''1 

Meridional 
d i s t y  

3185. G34 
87.09G 
88.558 
90.021 
91.484 
92.948 
94.412 
95.876 
97.341 

3198.807 
3200.273 

01.739 
03.200 
04.674 
OB. 142 
07. 610 
09.079 
10.548 
12.018 
13.488 

3214.959 
16.430 
17.902 
19.374 
20.846 
22.319 
23.793 
25.267 
26.741 
28.216 

3229.691 
31.167 
32.643 
34.120 
35.697 
37.075 
38.553 
40.032 
41.511 
42.991 

3244.471 
. 45.951 

47.432 
48.914 
50.396 
51.878 
53.361 
54.844 
56.328 
57.813 

3259.298 
60.783 
62.269 
63.755 
65.242 
66.729 
08.217 
69.705 
71.194 
72.683 

3274. 173 

1.385 
386 
386 
387 
387 
388 
387 
388 
389 
389 

1.389 
390 
390 
391 
391 

;:: 
392 
393 
393 

1-393 
394 
394 
394 
395 
396 
396 
396 
396 
397 

397 
398 
399 
399 
399 
400 
400 
401 
401 

1.401 
402 
403 
402 
403 
404 
404 
404 
405 
405 

'*'05 
406 
407 
406 
407 
408 
408 

2:; '. 409 

distance. 

3013.427 
14.837 
16.247 
17. G57 
19.OG8 

21.891 
23.303 
24.716 
26.129 

3027.542 
28.956 
30.370 
31.784 
33.190 
34. 615 
36.031 
37.447 
38.863 
40.280 

3041.698 
43.116 
44.534 
45.953 
47.373 
48.792 
50.212 
51.633 
53.054 
54.475 

3055.897 
57.319 
58.741 
GO. 164 
61.588 
63.012 
64.436 
65.860 
67.286 
68.711 

3070.137 
71.564 
72.991 
74.418 
75.846 
77.274 
78.702 
80.131 
81.561 
82.991 

3084.421 
85.852 
87.283 
88.714 
90.146 
91.578 
93.011 
94.444 
95.878 
97.312 

3098.747 

I j 20.479 

ifference. 

1.462 
462 
463 
463 
4G4 
404 
464 
405 
466 
4GG 

1.466 
467 
468 
468 
468 
469 
469 
470 
470 
471 

1.471 
472 
472 
472 
473 
474 
474 
474 
475 
475 

1.476 
476 
477 
477 
478 
478 
479 
479 
480 
480 

1.480 
481 
482 
482 
482 
483 
483 
484 
485 
485 

1.485 
486 
486 
487 
487 
488 
488 
489 
489 

1.490 

- 
lin- 
te:i. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
40 
411 
42 
43 
44 
46 
46 
47 
48 
49 
60 
b1 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 
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MERCATOR PROJECTION TDLE-Continued. . -  
[Noridional distances for the 

_-____._ 

48" I I  49 ' I1 - 
Min- 
utes. 
__ 

0 
1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
38 
37 
38 
39 
40 
41 
42 
43 
44 
45 
48 
47 
48 
49 
50 
51 
62 
63 
54 
55 
66 
57 
58 
69 
60 

c_ 

sphoroid. Comprcssion zjl.1 

50' 51' / I  
)iflorence. 

'-;!! 
;!: 
522 
523 
523 
524 

gi: 
526 
526 
527 
528 
529 

530 
1. 530 

531 

;:; 
533 
533 
533 
534 
535 
535 

1.535 
536 
537 
537 
538 
53s 
539 
539 
540 
540 

1*541 
542 
542 

544 
544 
545 

1.546 
547 

548 
540 
549 
550 
551 

'. 551 

Mcridioniil 
distnnce. 

3274.173 
75. 663 
77.154 
78.645 
80.136 
81.629 
83.121 
84.614 
86.108 
87.602 

3289.096 
90.591 
92.087 
93.583 
95.079 
96.576 
98.074 

3299.572 
3301.070 

02.569 
3304.069 

05.569 
07.069 
08.570 
10.071 
11.573 
13.075 
14.578 
16.082 
17.586 

3319.090 
20.595 
22.100 
23. GO6 
25.113 
26.620 
28.127 
29. 635 
31.143 
32.652 

3334.162 
35.672 
37.182 
38. 693 
40.204 
41.716 
43.228 
44.741 
46.255 
47.769 

3349.283 
50.798 
52.314 
53.830 
55.346 
56.8G3 
58.381 
59.899 
61.417 
62.936 

3364.456 

Meridionnl 
distnnco. 

3456.581 
58.132 
59. 684 
61.237 
62.790 
64.344 
65.890 
67.454 
69.009 
70.565 

3472.122 
73.679 
75.236 
76.794 
78.353 
79.912 
81.472 
83.033 
84.594 
86.155 

3487.717 
89.280 
90.843 
92.406 
93.970 
95.535 
97.100 

3498.666 
3500.233 

01.800 
3503.367 

04.935 
06.504 
08.073 
09.643 
11.213 
12.784 
14.355 
15.927 
17.500 

3519.073 
20.647 
22.221 
23.796 
25.371 
26.947 
28.524 
30.101 
31.678 
33.256 

1 3534.835 
36.415 
37.995 
39.575 
41.156 
42.737 
44.319 
45.902 
47.485 
49.069 

3550.654 

1.551 
552 
553 
553 
554 
555 
555 
555 
556 
557 

1*557 

E;; 
560 
5G1 
5G1 
5G1 
5 62 

1.563 

, 
3550. 654 

52.239 
53.824 
55.410 
56.997 
58.584 
60.172 
61.761 
63.350 
64.939 

3566.529 
68.120 
69.712 
71.304 
72.896 
74.489 
76.083 
77.677 
79.272 
80.868 

3582.464 
84.060 

,,tTeronce. 11 Neridionnl 
distnnco. 

563 
~ 

565 

567 
567 
567 

85.657 
87.255 
88.853 
90.452 
92.052 
93.652 
95.252 
96.853 

3598.455 

)iflermco 

, 
1.585 

585 
586 
587 
587 
588 
589 
589 
589 
590 

1.591 
592 
592 
592 
593 
594 
594 
595 
596 
596 

1.596 
597 
598 
598 
599 
GOO 
GOO 
GOO 
g01 
602 

1. 603 
603 
604 
604 
605 
605 
g06 
607 
607 
607 

1. 609 
609 
610 
610 
611 
611 
612 
612 
613 
614 

1.614 
615 
616 
616 
617 
617 
618 
618 
619 

1.620 

'*::! 
491 

2:; 
492 ::: 
$2 

1.495 
496 
496 

i!! 
498 
498 
49s 
499 
500 

1.500 
500 
501 
501 
502 
502 
503 

504 
504 

1*505 

E!! 
507 
507 
507 

i!: 
510 

1.510 
510 
511 
511 
512 
512 
513 
'14 

;;: 
'.'15 

516 
516 
517 

&18 
518 
519 
520 

- - 
din- 
ita. 

__ 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
38 
37 
38 
39 
40 
41 
42 
43 
44 
46 
48 
47 
48 
49 
50 
51  
52 
53 
54 
56 
68 
57 
58 
59 
GO 

, 
3364.456 

65.976 
67.497 
69.018 
70.539 
72.061 
73.584 
75.107 
76. 631 
78.155 

3379. 680 
81.205 
82.731 
84.257 
85.783 
87.310 
88.838 
90.367 
91.896 
93.425 

3394.955 
96.485 
98.016 

3399.547 
3401.079 

02. 612 
04.145 
05.678 
07.212 
08.747 

3410.282 
11.817 
13.353 
14.890 
16.427 
17.965 
19.503 
21.042 
22.581 
24.121 

3425. 661 
27.202 
28.744 
30.286 
31.828 
33.371 
34.915 
36.459 
38.004 
39.549 

3441.095 
42.641 
44.188 
45.735 
47.283 
48.831 
50.380 
51.929 
53.479 
85.030 

I 3456. 581 --- 

570 

;;; 
572 
573 
573 

1+574 
574 
575 
575 "' 1 
5'7 

06.474 
08.079 
09.685 
11.292 
12.899 

3614.506 
16.115 
17.724 
19.334 
20.944 
22.555 
24.166 
25.778 

579 
1-580 

580 
580 

i:; 
582 I 
563 
583 
584 

'. 585 

3630. 617 
32.231 
33.846 
35.462 
37.078 
38.695 
40.312 
41.930 
43.548 
45.167 

3646. 787 
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621 
621 
G22 
623 
G24 
G24 
624 
626 
626 

1.626 
627 
G28 
628 
629 
630 
630 
631 
631 
632 

1.633 
633 
634 
634 
635 

636 
637 
638 
638 

1.639 
639 

641 

636 

640 

642 
642 

642 
643 
644 
645 

1*645 

Mill- 
Utea. 

__ 
0 
1 
2 
3 
4 
6 
0 
7 
8 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
I 
20 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 
66 
60 
67 
68 
69 
60 -~ 

3745.105 
46.763 
48.421 
50.080 
51.740 
53.401 
55.062 
56.724 
58.386 
60.049 

3761.713 
63.377 
65.042 
66.708 
68.374 
70.041 
71.709 
73.377 
75.046 
76.715 

3778.385 
80.056 
81.728 
83.400 
85.073 
86.746 

90.095 
91.771 
93.447 

3795.124 
96.801 

3798.479 

01.837 
03.517 

06.879 
08.561 
10.244 

3811.928 
13.612 

88.420 

3800.15n 

05.198 

* 
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MERCATOR PROJECTION TABLE-Continued. . -  

G4G 1 
646 
647 
648 
648 
649 
650 
650 
G51 

652 
653 
653 
654 

655 
656 
G56 

655 

1.658 

Meridional 
distance. _- 

1646.787 

50.029 
51.650 
53.272 
54.895 
56.519 
58.143 
59.767 
61.393 

tG63.019 
64.645 
66.272 
67.900 

71.157 
72.787 
74.417 

77.679 
3679.311 

82.577 
84.211 
85.845 

89.116 
90.752 

94.027 
3695.665 

97.304 
3698.943 
3700.583 

02.224 
03.866 

07.150 
08.793 
10.437 

13.727 
15.373 
17.019 
18. GGG 
20.314 
21.9G2 
23.611 
25.261 
26.911 

30.213 

48.408 

69.528 

76.048 

no. 944 

87.480 

92.389 

05.508 

3712. on2 

3728.562 

31.865 
33.518 

38.480 

35.171 
36.825 

40.135 
41.791 
43.447 

3745.105 

15.297 
16.982 
18.668 
20.355 
22.043 
23.731 
25.420 
27.109 

30.490 
32.182 
33.874 
35.567 
37.261 

40. 650 
42.345 
44.041 

3828.799 

311.955 

3845.738 

Meridional 
distance. 

1.658 
G58 
659 

661 
G61 
662 
G62 
663 
664 

1.664 
665 
666 

::!j 
6G8 ::; 
669 
670 

672 

673 
673 
674 
675 
676 
676 
677 

G78 
679 
679 
680 

681 
(jn2 

~ 6 7 ~  

672 

1. 677 

6g1 

683 

3845.738 
47.436 
49.134 
50.833 
52.533 
54.234 
55.935 
57.637 
59.339 
61.042 

3862.746 
64.450 
66.155 
67.861 
69.568 

72.983 
71.275 

74. 691 
76.400 
78.110 

3879.821 
81.533 

84.958 
83.245 

86.672 
88.386 
90.101 
91.816 
93.533 
95.250 

3896.967 

3900.405 
02.125 
03.845 
05.566 

09.011 
10.734 

3914.183 

3898.686 

07.288 

12.458 

ifference.l/ Meridional distance. 

'*::: 
lig9 
700 
701 

702 
702 
703 
704 

1*704 
705 
706 
'07 
707 

;:: 

701 

7O9 

711 

712 
'13 

714 
715 
715 

717 
717 

1*719 
719 
720 
720 
721 
722 
723 
723 
724 
725 

1*726 
726 
727 
728 

729 
730 
731 
73l 
732 

1*732 

735 
736 
736 

738 
738 

l. 739 

728 

;:: 
737 

3948.830 
50.570 
52.311 
54.052 
55.794 
57.537 

61.025 
62.770 
64.516 

3966.262 
68.009 
69.757 
71.506 
73.255 
75.005 
76.756 

59.281 

78.508 
80.260 

3983.767 

87.277 

92.548 

82.013 

85.522 

89.033 
90.790 

94.306 
96.065 
97.825 

3999.586 
4001.347 

03.109 
04.872 
06.635 
08.399 
10.164 
11.930 
13.697 
15.464 
17.232 

4019.001 
20.770 
22.541 
24.312 
26.084 
27.856 
29. G30 
31.404 
33.179 
34.955 

4036.731 
38.508 

42.065 
43.844 
45.624 
47.405 

50.970 
52.753 

4054.537 

40.286 

49.187 

Moridioniil 
ifference. 1 1  distance. 

688 
688 
689 
689 
690 

1.691 

;;; 

:it 

22.818 
24.547 
26.277 
28.008 
29.739 

3931.471 
33.203 
34.937 
36.671 ! 38.406 
40.142 

43.615 
41.878 

,ifforonce 

1.740 
741 
741 
742 
743 
744 
744 
745 
746 
746 

1.747 

749 
749 
750 
751 
752 
752 
753 
7 54 

1.755 
755 
756 
757 
758 

759 
760 
761 
761 

1.762 
763 
763 
764 
765 
766 
767 
767 
768 
769 

1.769 
771 
771 
772 
772 
774 
774 
775 
776 
776 

1.777 
778 
779 
779 
7 80 

782 
783 
783 

1.784 

748 

758 

781 

- - .- 

Min- 
h S .  

- 
0 
1 
2 
3 
4 
6 
8 
7 
0 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
as 
29 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
40 
49 
GO 
Gl 
62 
63 
64 
65 
60 
67 
68 
69 
GO - 



THE MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Continued. 
[Meridional distnnccs for tho spheroid. Comprossion 2h.1 

======= 

Min- 
utcs. 

~ _ _  

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61  
62 
63 
64 
66 
66 
67 
68 
69 
GO 

20 

c_ 

66 

Moridionnl 
dislmco. 

4054.537 
56.321 
58.106 
59.892 
61.679 
63.467 
65.255 
67. 044 
68. 854 
70.625 

4072.417 
74.210 
76.004 
77.799 
79.594 
81.390 
83.187 
84.984 
86.783 
88.582 

4090.382 
92.182 
93.963 
95.785 
97.588 

4099.392 
4101.197 

03.002 
04.808 
06. 615 

4108.423 
10.231 
12.040 
13.850 
15. GG1 
17.473 
19.285 
21.098 
22.912 
24.727 

4126. 543 
28.360 
30.177 
31.995 
33.814 
35.634 
37.454 
39.275 
41.097 
42.920 

4144.744 
46.569 
48.394 
60.220 
52.047 
53.875 
55.704 
57.534 
69.364 
61.195 

4163.027 

)ifTerence 

1.764 
785 
766 
787 
788 
788 
789 
790 
791 
792 

1.793 
794 
795 
795 
796 
797 
797 
799 
799 
800 

1. 800 
801 
802 
803 
804 
805 
805 
806 
807 
808 

1.808 
809 
810 
811 
812 
812 
813 
814 
815 
816 

1.817 
817 
818 
819 
820 
820 
821 
822 
823 
824 

1.825 
825 
826 
827 
828 
829 
630 
830 
831 

1.832 

Meridional 
distance. 

4163.027 
64.860 
66. 693 
68.527 
70.363 
72.199 
74.036 
75.873 
77.712 
79.551 

4181.391 
83.232 
85.074 
86.917 
88.761 
90. 605 
92.451 
94.297 
96.144 
97.992 

4199.840 
4201. 690 

03.540 
05.391 
07.243 
09.095 
10.949 
12.804 
14.659 
16. 515 

4218.372 
20.230 
22.089 
23.949 
25.809 
27.671 
29.533 
31.396 
33.260 
35.125 

4236.991 
38.857 
40.724 
42.592 
44.461 
46.331 
48.202 
50.074 
51.946 
53.819 

4265.694 
67.569 
59.445 
61.322 
63.200 
65.079 
66. 958 
68.839 
70.720 
72. 602 

4274.485 

4274.485 
l.iii 76.369 78.254 ::: 80.139 

82.026 836 
83.913 ::; 85.801 
87.691 

839 89.581 

!!: 91.472 
4293.364 

1.841 95.256 
842 97.150 
843 4299.045 ::: 4300.940 

02.836 
84G 04.734 
846 06.632 ::; 08.631 

10.431 848 
4312.332 

1.850 14.233 
850 16. 136 
851 18.040 
852 19.944 
852 

21.849 

:!: 23.755 
25.663 

:!! 27.571 
29.480 857 

4331.389 

859 35.212 ::! 37.125 
39.038 862 
40.953 

862 42.868 
863 44. 784 
864 46.701 
865 48. 619 
866 

4350.638 
'*::! 52.458 54.379 

1*858 33.300 

868 
869 
870 

:;; 
872 
873 
875 

1.875 

56. 301 
58.224 
GO. 148 
62.072 
63.997 
65.924 
67.851 

4369.779 
71.709 

877 75.570 
878 77.502 
879 

79.434 
879 61.368 
881 83.303 
881 85.239 882 87.175 

'* 883 4389.113 

87(j 73.639 

- 

)ifferenco. 

1.939 
939 
941 
941 
942 
944 
944 
945 
946 
947 

1.948 
949 
950 
951 
952 
953 
953 
955 
956 
956 

1.958 
959 
959 
961 
961 
963 
963 
965 
965 
966 

1.968 
968 
969 
971 
971 
972 
973 
975 
975 
976 

1.977 
978 
979 
981 
981 
982 
983 
984 
985 
986 

1.987 
988 
989 
990 
991 
992 
993 
994 
995 

1.996 

131 

__ __ 

Min- 
utes. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
1% 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31  
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
41 
48 
49 
60 
61  
62 
63 
64 
66 
66 
67 
68 
69 
60 - 
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- - 
MjIl- 
U W .  

__ 

0 
1 
2 
3 
4 
6 
0 
7 
8 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
26 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
GO -- 

)Serence. 

1.997 
998 

1.999 
2.001 

001 
002 
003 
005 
005 
00 6 

2.007 
009 
009 
010 
012 
012 
013 
015 
015 
017 

2.017 
019 
019 
021 
022 
022 
024 
025 
026 
027 

2.028 
028 
030 
032 
032 
033 
034 
035 
037 
037 

2.039 
039 
041 
042 
042 
044 
045 
046 
047 
048 

2.049 
050 
051 
052 
054 
054 
056 
056 
058 

2.059 

0lo 
- 

62' 63' 

U. S. COAST AND GEODETIC SURVEY. 

n R C A T O R  PROJECTION TABLE-Continued. 
[Meridional distance8 for the spheroid. Compression z& 

60' 
Meridional 
distance. 

4507.133 
09.130 
11.128 
13.127 
15.128 
17.129 
19.131 
21.134 
23.139 
25.144 

4527.150 
29.157 
31.166 
33.175 
35.185 
37.197 
39.209 
41.222 
43.237 
45.252 

4547.269 
49.286 
51.305 
53.324 
55.345 
57.367 
59.389 
61.143 
63.438 
65.464 

4567.491 
69.519 
71.547 
73.577 
75. 609 
77.641 
79.674 
81.708 
83.743 
85.780 

4587.817 
89.856 
91.895 
93.936 
95.978 

4598.020 
4600,064 

02.109 
04.155 
OB. 202 

1608.250 
10.299 
12.349 
14.400 
16.452 
18.506 
20.560 
22.616 
24. 672 
26. 730 

$628.789 

MeridioMl 
distance. 

4628.789 
30.849 
32.910 
34.972 
37.035 
39.099 
41.165 
43.231 
45.299 
47.368 

4649.437 
51.508 
53.580 
55.653 
57.727 
59.802 
61.879 
63.956 
66.035 
68.114 

4670.195 
72.277 
74.360 
76.444 
78.529 
80.015 
82.703 
84.791 
86.881 
88.972 

4691.064 
93.157 
95.251 
97.346 

4699.443 
4701.540 

03. 639 
05.739 
07.840 
09.942 

4712.045 
14.149 
16.255 
18.361 
20.469 
22.578 
24.088 
26. 799 
28.912 
31.025 

4733.140 
35.250 
37.373 
39.491 
41.610 
43.731 
45.852 
47.975 
50.099 
52.224 

4754.350 

Difference 

2.060 
OS1 
062 
063 
064 
066 
066 
068 
069 
069 

2.071 
072 
073 
074 
075 
077 
077 
079 
079 
081 

2.082 
083 
084 
085 
086 
088 
088 
090 
091 
092 

2.093 
094 
095 
097 
097 
099 
100 
101 
102 
103 

2.104 
106 
106 
108 
109 
110 
111 
113 
113 
115 

2.116 
117 
118 
119 
121 
121 
123 
124 
125 

2.126 

Mcridionul 
distance. 

, 
4754.350 

56.478 
58. 607 
GO. 736 
62.867 
65.000 
67.133 
69.268 
71.403 
73.540 

4775.678 
77.817 
79.958 
82.099 
84.242 
86.386 
88.531 
90.677 
92.825 
94.973 

4797.123 
4799.274 
4801.427 

03.580 
05.735 
07.891 
10.048 
12.206 
14.366 
16.526 

4818.088 
20.851 
23.016 
25.181 

29. 516 
31.685 
33.850 
30.027 
38.200 

4840.374 
42.550 
44.726 
46.904 
49.083 
51.263 
53.445 
55.628 
57.812 
59.997 

4862.183 
64.371 
G G .  560 
68.750 
70.942 
73.134 
75.328 
77.524 
79.720 
81.918 

4884.117 

27.318 

Xfference 

, 
2.128 

129 
129 
131 
133 
133 
135 
135 
137 
138 

2.139 
141 
141 
143 
144 
145 
146 
148 
148 
150 

2.151 
153 
153 
155 
156 
157 
158 
160 
160 
162 

2.163 
165 
165 
167 
168 
169 
171 
17 1 
173 
174 

2.17G 
176 
178 
179 
180 
182 
183 
184 
185 
186 

2.188 
189 
190 
192 
192 
194 
196 
196 
198 

2.199 

Meridional 
distance. 

4884.117 
86.317 
88.518 
90.721 
92.925 
95.130 
97.336 

4899.544 
4901.753 

03.964 
4906.175 

08.388 
10. M 3  
12.818 
15.035 
17.253 
19.472 
21.693 
23.915 
26.138 

4928.362 
30.588 
32.815 
35.043 
37.273 
39.504 
41.736 
43.970 
46.204 
48.441 

4950.678 
52.917 
55.157 
57.398 
59.641 
61.885 
64.130 
66. 377 
68.625 
70.874 

4973.125 
75.377 
77.630 
79.885 
82.141 
84.398 
86. 657 
88.917 
91.178 
93.441 

4995.704 
4997.970 
5000.236 

02.504 
04.774 
07.045 
09.317 
11.590 
13.865 
16.141 

5018.419 

)UTerence 

1 

2.200 
201 
203 
204 
205 
206 
208 
209 
211 
211 

2.213 
215 
215 
217 
218 
219 
221 
222 
223 
224 

2.226 
227 
228 
230 
231 
232 
234 
234 
237 
23 7 

2.239 
240 
241 
243 
244 
245 
247 
248 
249 
251 

2.252 
253 
255 
256 
257 
259 
260 
261 
263 
263 

2.266 
266 
268 
270 
271 
272 
273 
275 
276 

2.278 

- - 
Min- 
utes. 
- 
0 
1 
2 
3 
4 
6 
0 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
31 
22 
23 
24 
26 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
19 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
58 
69 
60 __ 



======= 

Mia- 
Utes. 

0 
1 
2 
3 
4 
6 
G 
7 
8 
9 

10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
40 
41 
49 
43 
44 
46 
46 
47 
48 
48 
60 
61 
62 
63 
64 
66 
66 
67 
68 
68 
GO - 

THE MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Continued. 
[Meridionnl distnnces for the spheroid. Compression 2; 

64' 
Meridional 
distnnce. 

5018.419 
20.698 
22.978 
25.259 
27.542 
29.827 
32.113 
34.400 
36. 688 
38.978 

5041.289 
43.562 
45.856 
48.151 
50.447 
52.745 
55.045 
57.346 
59. 648 
61.952 

5064.257 
66. 563 
68.871 
71.180 
73.491 
75.803 
78.117 
80.432 
82.748 
85. 066 

5087.386 
89.706 
92.028 
94.351 
96.676 

5099.002 
5101.330 

03.659 
05.989 
08.321 

5110.655 
12.930 
15.326 
17. G64 
20.003 
22.344 
24.886 
27.029 
29.374 
31.721 

5134.069 
36. 419 
38.770 
41.122 
43.476 
45.831 
48.188 
50.546 
52.905 
65.266 

5157.629 

Difference 

2.279 
2x0 
281 
283 
285 
286 
287 
288 
290 
291 

2.293 
294 
295 
206 
298 
300 
301 
302 
304 
305 

2.300 
308 
309 
311 
312 
314 
315 
316 
318 
320 

2.320 
322 
323 
325 
326 
328 
320 
330 
332 
334 

2.335 
336 
338 
339 
341 
342 
343 
345 
347 
348 

2.350 
351 
352 
354 
355 
357 
358 
359 
361 

2.363 

G 6 O  

Meridionnl 
distance. 

5157.629 
59.993 
62.359 
64.726 
67.094 
69.464 
71.835 
74.208 
76.583 
78.959 

5181.337 
83.716 
86.096 
88.478 
90.861 
93.246 
95.632 

5198.020 
5200.410 

02.801 
5205.194 

07.588 
09.983 
12.380 
14.779 
17.179 
19.581 
21.984 
24.389 
26.795 

5229.203 
31.612 
34.023 
36.435 
38.849 
41.26.5 
43.682 
4G. 101 
48.521 
50.942 

5253.36G 
55.791 
68.217 
GO. 645 
63.074 
05.506 
67.938 
70.373 
72.809 
75.246 

5277.680 
80.126 
82.568 
85.012 
87.457 
89.905 
92.354 
94.803 
97.255 

5299.709 
5302.164 

3ifferancc 

2.364 
366 
367 
368 
370 
371 
373 
375 
376 
378 

2.379 
380 
382 
383 
385 
386 
388 
390 
391 
393 

2.394 
395 
397 
399 
400 
402 
403 
405 
406 
408 

2.409 
411 
412 
414 
416 
417 
439 
420 
421 
424 

2.425 
426 
428 
429 
431 
433 
435 
43c 
437 
440 

2.440 
442 
444 
445 
448 
449 
449 
452 
454 

2.455 

66' 
Meridional 
distnnce. 

5302.164 
04.621 
07.079 
09.538 
11.999 
14.463 
16. 928 
19.394 
21.862 
24.331 

5320.802 
29.275 
31.750 
34.226 
36.704 
39.183 
41.664 
44.147 
46.631 
49.117 

5351. 605 
54.094 
58.585 
59.078 
61.672 
G4.068 
66. 565 
c9.064 
71.565 
74.OG8 

5378.572 
79.078 
81.686 
84.095 * 
86. 607 
89.119 
91. 634 
94.150 
96. 668 

5399.187 
5401.709 

04.231 
06. 756 
09.282 
11.810 
14.340 
16.871 
19.404 
21.939 
24.470 

5427.014 
29.554 
32.096 
34.640 
37.185 
39.732 
42.281 
44.832 
47.384 
49.938 

5452.493 

Differmci 
____ 

2.457 
458 
459 
461 
464 
465 
466 
468 
469 
471 

2.473 
475 
476 
478 
479 
481 
483 
484 
486 
488 

2.489 
491 
493 
494 
496 
497 
499 
501 
503 
504 

2.506 
508 
509 
512 
512 
515 
516 
518 
519 
522 

2.522 
525 
526 
528 
530 
53 1 
533 
835 
537 
538 

2.540 
542 
544 
545 
547 
549 
551 
552 
554 

2.555 

GI O 

Meridionnl 
distance. 

5452.493 
55.051 
57.610 
GO. 171 
62.734 
G5.298 
87.865 
70.433 
73.003 
75.574 

5478.148 
80.724 

85.880 
88.461 
91.043 
93.627 ' 
96.213 

5498.801 
5501.390 
5503.981 

06. 573 
09.166 
11.761 
14.358 
16. 957 
19.559 
22,162 
24.767 
27.375 

5529.985 
32.597 
35.212 
37.829 
40.447 
43.067 
45.888 

50.937 
53.564 

5556.192 
58.822 
61.454 
64.088 
66.723 
69.360 
72.000 
74. 641 
77.284 
79.929 

5582.576 
85.225 
87.875 
90.528 
93.182 
95.839 

i598.497 
5601.157 

03.819 
06. 483 

iG09.149 

83.301 

48.312 

Difforenc 
- 

2.558 
559 
661 
563 
564 
567 
568 
570 
571 
574 

2.576 
577 
579 
581 
582 
584 
586 
588 
589 
591 

2.592 
593 
595 
597 
599 
602 
603 
g05 
608 
610 

2.612 
615 
617 
618 
620 
621 
624 
625 
627 
628 

2.630 
632 
634 
635 
637 
640 
641 
643 
645 
647 

2.649 
G50 
653 
654 
657 
658 
G60 
662 
664 

2. GGG 

133 

====== 

Min- 
utes. 

- 
0 
1 
2 
3 
4 
6 
G 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
18 
20 
21 
22 
23 
24 
26 
28 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 
60 
51 
62 
63 
64 
66 
66 
67 
68 
69 
GO - 
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__ 
Mill- 
utm. 

- 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 

17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
28 
2s 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
46 
41 
42 
43 
44 
45 
48 
47 
48 
49 
60 
61 
62 
63 
54 
66 
66 
67 
68 
69 

ia 

' 2a 

ao 

iffcrence. -I 1 1  

2.789 
791 
793 
795 
798 
800 
801 
804 
807 
808 

2.810 
813 
814 
817 
819 
822 
823 
826 
827 
830 

2.832 
835 
836 
838 
841 
843 
846 
847 
850 
852 

2.854 
857 
858 
861 
863 
866 
867 
870 
872 
875 

2.876 
879 
881 
883 
886 
888 
890 
893 
895 
897 

2.899 
902 
904 
906 
909 
911 
913 
916 
918 

2. 920 

U. S. COAST AND BEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued. 
pderidionnl distances for the spheroid. Compression &' 

6 8 O  I1 69' I 
Meridional 
distance. 

, 
i609.149 

11.817 
14.487 
17.159 
19.832 
22.508 
25.186 
27.865 
30.547 
33.230 

5635.915 
38.602 
41.292 
43.983 
46.676 
49.371 
52.068 
54.767 
57.468 
GO. 171 

5662.876 
65.583 
68.292 
71.003 
73.716 
76.431 
79.148 
81.867 
84.588 
87.311 

5690.036 
92.763 
95.492 

5698.223 
5700.956 

03.691 
06.429 
09.168 
11.909 
14.652 

5717.398 
20.145 
22.894 
25.646 
28.399 
31.155 
33.913 
36.672 
39.434 
42.198 

5744.964 
47.732 
50.502 
53.274 
56.049 
58.825 
61. 604 
64.384 
67.167 
69.952 

5772.739 -- 

Berence. 

, 
2. 668 

670 
672 
67 3 
676 
678 
679 
682 
683 
685 

2.687 
690 
691 
693 
695 
697 
699 
701 
703 
705 

2.707 
709 
711 
713 
715 
717 
719 
721 
723 
725 

2.727 
729 
731 
733 
735 
738 
739 
741 
743 
746 

2.747 
749 
752 
753 
756 
758 
759 
762 
764 
766 

2.768 
770 
772 
775 
776 
779 
780 
783 
785 

2.787 

Meridional 
distance. 

I 

i772. 739 
75.528 
78.319 
81.112 
83.907 
86.705 
89.505 
92.306 
95.110 

i797.917 
i800.725 

03.535 
06.348 
09.162 
11.979 
14.798 
17.620 
20.443 
23.269 
26.096 

5828.926 
31.758 
34.593 
37.429 
40.267 
43.108 
45.951 
48.797 
51. 644 
54.494 

5857.346 
60.200 
63.057 
65.915. 
68.776 
71.639 
74.595 
77.372 
80.242 
83.114 

5885.989 
88.865 
91.744 
94.625 

5897.508 
5900.394 

03.282 
06.172 
09.065 
11.960 

5914.857 
17.756 
20.658 
23.562 
26.468 
29.377 
32.288 
35.201 
38.117 
41.035 

5943.955 

Meridional 
distance. 

043.955 
46.878 
49.803 
52.730 
55.659 
58.591 
61.526 
64.463 
67.402 
70.343 

i973.287 
76.234 
79.182 
82.133 
85.087 
88.043 
91.001 
93.961 
96.925 

5999.890 
j002.856 

05.828 
08.801 
11.776 
14.753 
17.733 
20.716 
23.701 
26.688 
29.678 

6032.670 
35.665 
38.662 
41.661 
44.664 
47.668 
50.675 
53. 685 
56.697 
59.712 

6062.729 
65.748 
68. 770 
71.794 
74.821 
77.851 
80.883 
83.918 
86.955 
89.995 

6093.038 
98.083 

6099.130 
6102.180 

05.232 
08.287 
11.345 
14.406 
17.469 
20.534 

6123.602 

1 
iffermce. 

2.923 
925 
927 
929 
932 
935 
937 
939 
941 
944 

2.947 
948 
951 
954 
956 
958 
960 
964 
965 
968 

2.970 
973 
975 
977 
980 
983 
985 
987 
990 
992 

2.995 
997 

2.999 
3.003 

004 
007 
010 
012 
015 
017 

3.019 
022 
024 
027 
030 
032 
03 5 
037 
040 
043 

3.045 
047 
050 
052 
055 
058 
061 
063 
065 

3.068 

71' 
Meridional 
distance. 

$123. 602 
26.673 
29.746 
32.822 
35.900 
38.981 
42.065 
45.151 
48.240 
51.332 

6154.426 
57.523 
GO. 622 
63.724 
66.829 
69.937 
73.047 
76.160 
79.275 
82.394 

6185.514 
88.638 
91.764 
94.893 

6198.025 
6201.159 

04.296 
07.436 
10.579 
13.724 

6216. 872 
20.023 
23.176 
26.332 
29.491 
32. 653 
35.818 
38.985 
42.155 
45.328 

6248.503 
51.682 
54.863 
58.047 
61.234 
64.424 
67.616 
70.811 
74.010 
77.211 

6280.414 
83.621 
86.831 
90.043 
93.258 
96.476 

6299.697 
6302.921 

06.148 
09.378 

6312.610 

-____ 
iffcrence. 

, 
3.071 

073 
076 
078 
081 
084 
086 
089 
092 
094 

3.097 
099 
102 
105 
108 
110 
113 
115 
119 
120 

3.124 
126 
129 
132 
134 
137 
140 
143 
145 
148 

3.151 
153 
156 
159 
162 
165 
167 
170 
173 
175 

3.179 
181 
184 
187 
190 
1.92 
195 
199 
201 
203 

3.207 
210 
212 
215 
218 
221 
224 
227 
230 

3.232 

- - 
lin- 
tes 

- 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 

2a 

ao - 



- - 
Min- 
UtW. 

- 
Difference. 
___ 

3. 420 
423 
426 
430 
433 
437 
439 
443 
446 
450 

456 
469 
463 
466 
470 
473 
476 

::! 
3. 486 

490 
493 
497 
500 
504 

3.453 

;;; 
514 
b18 

0 
1 
2 
3 
4 
6 
0 
7 
8 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
26 
20 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 

56 
60 
67 
68 
bD 
00 - 

%:Ec$ 
6723.275 

26.903 
30.534 
34.169 
37.808 
41.451 
45.097 
48.747 
52.401 
56.059 

63.386 
67.055 
70.728 
74.404 
78.084 
81.768 
85.456 
89.148 
92.844 

6796.543 
6800.246 

03.953 
07.663 
11.378 
16.096 
18.818 
22.545 
26.275 
30.009 

-I_ , 

6759.721 

THE MERCATOR PROJECTION. 

"2; 
242 
244 
247 
250 
253 
256 
259 
262 

3. 264 

i;; 
273 
277 
279 

i:; 
g:: 

3. 295 
297 
300 
304 
307 

!;! 
315 
319 
322 

"ii; 
337 

;$; 
!ti 
353 

3. 35G 

:[; 

372 

!;! 
$: 

"i:: 
394 

i:i 
404 

:yi 
413 

3. 417 

MERCATOR PROJECTION TABLE-Continued. 
[Meridional distnnces for the spheroid. Compression &.] 

__- - 
72' I I  73O /I 7P0 II 76O 

6512.071 
15.491 
18.914 
22.340 
25.770 
29.203 
32.640 
36.079 
39.522 
42.968 

6546.418 
49.871 
53.327 
56.786 
60.249 
63.715 
67.185 
70.658 
74.134 
77.614 

6581.097 
84.583 
88.073 
91.566 
95.063 

6598.563 
6602.067 

05.574 
09.084 
12.598 

6616.116 
19.636 
23.160 
26.688 
30.219 
33.754 
37.292 
40.833 
44.378 
47.927 

6651.479 
55.035 
58.594 
62.157 
65.723 
69.293 
72.866 
76.443 
80.024 
83.609 

6687.197 
90.788 
94.383 

6697.982 
6701.584 

05.190 
08.800 
12.413 
16.030 
19.651 

6723.275 

Mwidionnl 
distance. 

"!:! 
635 
630 
643 

6312.610 
15.845 
19.083 
22.325 
25.569 
28.816 
32. 066 
35.319 
38.575 
41.834 

6345.096 
48.360 
51.627 
54.898 
58.171 
61.448 
64.727 
68.010 
71.296 
74.584 

6377.876 
81.171 
84.468 
87.768 
91.072 
94.379 

6397. 689 
6401.002 

04.317 
07.636 

6410.958 
14.283 
17.611 
20.942 
24.276 
27.613 
30.954 
34.298 
37.645 
40.995 

6444.348 
47.704 
51.063 
54.425 
57.790 
61.169 
64.531 
67.906 
71.284 
74.665 

5478.050 
81.437 
84.828 
88.222 
91.619 
95.020 

3498.424 
j501.831 

05.241 
08.654 

1512.071 

6947.761 
51.625 
55.493 
59.365 
63.342 

646 

![: 
"!:: 

673 

i!t 
692 

3.703 

;:; 

;g) 

;;; 

716 
718 
722 

;:i 
3';q4; 

758 

1 67.123 
71.008 
71.898 
78.792 
82.690 

6986.592 
90.498 
94.409 

6998.324 
7002.243 

06.167 
10.095 
14.028 
17.965 
21.906 

7025.852 
29.801 
33.755 

41.677 
37.714 

45.645 
49.617 
53.594 
57.575 
61.561 

7065.651 
69.545 
73.644 
77.547 
81.556 

":$! 
528 

iii 

6833.747 
37.489 
41.236 
44.986 
48.740 

::! 
"6; 
552 

3. 556 
559 

i:i 
670 
673 

& 

3'iii 
599 

z:i 
610 

617 
621 

3* 625 

52.498 
56.260 
GO. 027 
63.797 
67.571 

6871.349 
75.131 
78.910 
82.706 
86.500 
90.298 
94.100 

6897.906 
6901.716 

05.531 
6909.350 

13.172 
16.998 
20.829 
24.664 
28.503 
32.346 
36.193 
40.045 
43.901 

6947.761 

T!: 
T;: 
778 

85.5G8 
89.585 
93. 607 

7097.633 
7101.664 

Differenc 

790 ;:: 
802 

:!! 
815 
819 

3, 822 

::! 
::i 
843 

"8; 
856 

3' 

3.864 
868 
872 
877 
881 
885 
890 
894 
898 
902 

3.906 
911 
915 
919 
924 
928 
933 
937 
941 
946 

3.949 
954 
959 
963 
968 
972 
977 
981 
985 
990 

3.994 
3.999 
1.003 

008 
013 
017 
022 
026 
031 
035 

4.040 
045 
049 
064 
059 
063 
068 
072 
077 
082 

1.086 
091 
096 
101 
105 
110 
115 
120 
125 

4.130 

13.784 
17.833 
21.887 
25.946 
30.009 
34.077 
38.149 
42.226 

7146. SOY 
50.394 
54.485 
58.581 
62.682 

70.897 
75.012 

83.257 
7187.387 

66.787 

79.132 

135 

- - 
Min- 
utes. 

- 
0 
1 
2 
3 
4 
6 
0 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
2c 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
58 
64 
66 
66 
67 
68 
69 
60 - 



136 

, 

4'iii 
144 

$?! 

169 

i;: 
4. 183 ::! 

198 
203 

iyi 
229 

"i:: 
i:: 
254 

269 

igt 
4*284 ;;z 

"3; 
311 

:kz , 
327 
332 

"i:; 
:$ 
359 

;;; 
!L! 
386 

";$ 
:;E 
413 

430 
436 

" 441 
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Meridional 1 d i s h y .  

' 7444.428 
48.875 
53.327 
57.785 
62.248 
66.717 
71.192 
75.673 
80.160 
84. 652 

7489.150 
93.654 

7498.163 
7502.678 

07.199 
11.726 
16.258 
20.797 
25.341 
29.891 

7534.447 
39.008 
43.575 
48.149 
52.728 
57.313 
61.905 
66.502 
71.1oF 
75.716 

7580.332 
84.953 
89.581 
94.215 

7598.855 
7603.502 

08.154 
12.813 
17.478 
22.149 

7626. 827 
31.510 
36.199 
40.895 
45.597 
50.305 
55.020 
59.741 
64.469 
69.203 

7673.943 
78.689 
83.442 
88.201 
92.967 

7697. 740 
7702.519 

07.304 
12.096 
16. 895 

7721. 700 

MERCATOR PROJECTION TABLE-Continued. 
[Meridional distances for tho sphcriod. Compression k.1 

I_- 

7sp / I  77O 78' I/ 79O 
-_ 

"::; 
:$, 
845 

825 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
25 
27 
28 
29 
30 
36 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61  
62 
63 
64 
66 
66 
67 
68 
69 
60 

8 '  

8022.758 
28.001 

38.511 
43.778 
49.053 

33.252 

Meridional 
distance. 

"::; 
:E! 
469 

481 
487 ::: 

4. 504 ::: 
iii 
532 
539 

475 

;; 
556 

7187.387 
91.521 
95.660 

7199.804 
7203.953 

08.107 
12.266 
16.429 
20. 598 
24.772 

7228.950 
33.133 
37.321 
41.514 
45.712 
49.915 
54.123 
58,336 
62.555 
66.778 

7271.007 
75.240 
79.478 
83.721 
87.970 
92.224 

7296.482 
7300.747 

05.016 
09.290 

7313.570 
17.854 
22.144 
26.439 
30.739 
35.045 
39.356 
43.672 
47.994 
52.321 

7356.653 
GO. 990 
65.332 
69.680 
74.033 
78.392 
82.756 
87.126 
91.501 

7395.882 
7400.268 

04.659 
09.055 
13.457 
17.865 
22.278 
26. 697 
31.121 
35.551 
39.987 

7444. 428 

77!&700 
26.511 
31.329 
36.154 
40.985 

50.668 
55.520 
GO. 378 
65.243 

7770.115 
74.993 
79.878 
84. 770 
89. 669 
94.575 

7799.487 
7804.407 

09.334 
14.267 

I 45.823 

4. 878 

:!! 
!i! 

8075.550 
80.873 
86.203 
91.542 

8096.890 

912 

::! 
";;: 

9G1 

;;: 
:;: 

"Zf 
"!;: 
::: 

4.997 

032 

054 

;E; 
;;: 
"::: 
:;) 
121 

:$! 
159 

5' $;; 
189 
181 

196 
205 

E;! 
228 

'* 236 

8102.246 
07.610 
12.983 
18.364 
23.753 

8129.150 
34.555 
39.969 
45.391 
50.821 
56.260 
61.708 

72.630 
78.104 

8183.586 
89.076 

8200.082 
05.598 
11.123 
16.657 
22.200 
27. 752 
33.313 

8238.883 
44.461 
50.047 
55.642 
61.247 
66.881 
72.484 
78.117 
83.759 
89.409 

8295.060 
8300.737 

06. 414 
12.101 
17.798 
23.504 
29.219 
34.944 
40.678 
46. 422 

8352.176 

67.165 

8194.575 

_ _ _  
4.561 

2:; 

7819.208 
24.155 
29.109 
34.070 
39.038 --- 

592 
597 
604 

:;g 

44.013 
48. 99G 
53.986 
58.983 
63.987 

Meridional 

.~~ 

4. 621 ::: 
:$! 
652 

:!i 
:;i 

7868.998 
74.016 
79.041 
84.073 
80.113 
94.160 

7899.214 
7904.276 

09. 34.5 
14.421 

4.683 

;:: 
;;: 
734 

715 

740 

7919.505 
24. ,596 
29.694 
34.799 
39.912 
45.033 
50. 161 
55.297 
60.441 
65.592 

Diffcrenc 

5.243 
251 
259 
267 
275 
283 
292 
299 
307 
316 

5.323 
330 
339 
348 
356 
364 
373 
381 
389 
397 

5.405 
414 
422 
430 
439 
448 
457 
465 
474 
482 

5.490 
499 
507 
516 
525 
534 
543 
552 
561 
570 

5.578 
586 
595 
605 
614 
623 
633 
642 
G50 
660 

5. GG8 
677 
687 
697 
706 
715 
725 
734 
744 

6.754 

:i: 
773 

0 
1 
2 
3 
4 
6 
G 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2G 
2Y 
28 
29 
30 
31 
32 
33 
34 
,36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
GO 

7970.751 
75.917 
81.090 
86. 271 
91.460 

;:: 
4' 805 

7996.656 
8001.861 

07.074 
12.294 
17. 522 

8022.758 



FIXING POSITION BY WIRELESS DIRECTIONAL BEARINGS.S1 

A very close approximation for plotting on a Mercator chart tho position of a 
ship receiving wireless bearings is given in Admiralty Notice to Mariners,No. 952, 
June 19, 1920, ns follows: 

I.-GENERAL. 

fixing position by directional wireless is very similar to fixing by crom bearings from visible objects, 
the principal difference being that, when using a chart on the Mercator projection allowance haas t o  be 
made for the curvature of the earth, the wireless stations being generally a t  very much greater distances 
than the objects used in  an ordinary cross bearing fix. 
. Although fixing position by wireless directional bearings is dependent for its accuracy upon the 
degree of precision with which it is at present pomible t o  determine the direction of wireless waws, con- 
firmation of the coume and distance made good by the receipt of additional bearings, would afford con- 
fidence to those responsible in  the vessel as the land is approached under weather conditions that preclude 
the employment of other methods. 

A t  the present time, from shore stations with practiced operators and instruments i n  good adjustment, 
the maximum error in  direction s h o ~ l d  not exceed 2’ for day working,but it is to be noted that errom at 
night may he larger, although suficient data on this point is not a t  present available. 

~ I . - T ~ C I ~  OF WIRELESS WAVE. 

The track of a Wireless wave being a great circle i s  represented on a chart on the Mercator projection 
by a flat curve, concave toward the Equator; this flat curve is most curved when it runs in an east and 
West direction and flattens out as the bearing changes toward north and south. \%en exactly north 
and south i t  is quite flat and is then a straight line, the meridian. The true bearing of a ship from a 
wireless telegraph station, or vice versa, is the angle contained by the great circle passing through either 
position and its respective meridian. 

111.-CONVERGENCY. 

Meridians on the earth’s surface not being paraIIe1 but converging at  the poles, i t  folloivs that a great 
circle will intersect meridians as it crosses them at  a varying angle unless the great circle itself passes 
through the poles and becomes a meridian. The difference i n  the angles formed by the intersection of a 
great circle with two meridians (that is, convergency)depende on the angle the great circle makes with 
the meridian, the middle latitude between the meridians, and the difference of longitude between the 
meridians. 

Tliis dlffercnce is known aa the convergency and cau be approximately calculated from the formula- 
(’onvergency in minutes=diff. long. in  minutes x sin mid. lat. 

Convergency may be readily found from the convergency scale (see fig. 62), or it 11lay bo found by 
traverse table entering the diff. long. as distance and mid. lut. as coume; the resulting departure being 
the convergency in  minutes. 

IV.-TRUE AND MIERCATORIAL BEARINGS. 

hileridkns on a Mercator chart being represented by parallel lines, it follows that tllc true bcari7lg of 
the ship from the station, or vice versa, can not be represented by a straight line joining the two positions, 
the straight line joining them being the mean macabrial  bcariny, which differs from the true bearing 

A valuable contribution to this subject by 0. W. Idttlohnlos, nppearod m tho Journnl of tho Amolicnn SOciUlY of N o d  
EngittOon, FCbmary, 1920, undor tho titlo: “Tho I’roslmtivo Utilirntion of Vassal-to-Shoro Radiocompass Uearinpq in Aorinl nnd 
Trnnsocmnic Navipation.” 

Sinco going to pross our attontion hns boon callod to a dingrnm on Pilot Chart No. 14w, Fobrusrg, 19% entitled ‘‘p@aith 
Plotting by Radio Bcarii~gs” by Elmor $. Collins, nautical oxpert, U. S. EIydrogmphic Offlco. On this d i a g m  thoro is 
given n mothod of Axing tho position of n vossol on n Morcator chnrt both by plotting and by cornputslion. 

Tho AdmlraIty uses deed-rorkoning posttion for prcliminnry flx whorcns by tho Hydrographic Offlco mothod tho p r o w a r y  
flx is obtained by hying tho radiocompnss boarings on tho Mcrcntor chnrt. Tho Hydrographic OMce nlso givos n mothod of 
Computation wherein tho radlocompnss boarings nro used in a mnnnor vary stmilnr to Sumnor litlO3. 

SO0 nlso tlie paragraph wlrclcvs dirtclio~kzl bearings undar tho rhnptor ffnomonic Projecfion, p. 141. 137 
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by & t f r  the convergency. As it is this mean mercatoria1 bearing which we require, all that is necessary 
when the true bearing is obtained from a W/T station is to add to or subtract from it 3 the convergency 
and lay off this bearing from the station. 

N O T E . - - C ~ &  on the gnomonic projection which facilitate the plotting of true bearin@ are now in 
c o w  of preparation by the Admiralty and the U. S. Hydrographic 0 5 c e .  

V.-SIGN OF THE $ CONVERGENCY. 

Provided the bearings are always measured in degrees north 0' to 360' (clockwk) the sign of this 4 

N. Iat. ~. . - -. . . ~. . . . ~. . . - -. . . .+ convergency is + to the bearing given by the W/T station 

N .  lat.. . . - -. -. . . -. . -. - ~ -. _ - -  .4 convergency is - to the bearing given by the W/T station 

S. lat. - . . -. . -. . - -. - -. - -. . . -. .The opposite. 

convergency can be simply determined as follows: 

when ship is E. of station. 

when ship is W. of station. 

When the W/T station and the ship are on opposite sides of the Equator, the factor sin mid. lat. ia 
necesearily very small and the convergency h then negligible. All great circles in the neighborhood 
of the Equator appear on the chart ca straight linesand the convergency correction aa described above ie 
immaterial and unnecessary. 

VI .--EXAMPLE. 

A ship is by D. R.32 in lat. 48'45' N.,  long. 25' 30' W., and obtains wireless bearings from Sea View 
2449' and from Uahant 2771'. What h her position? 

Sea View.. . . -. . . . . .Lat. 55' 22/ N. 
D. R.. . . - . ~. . ~. . . . .Lat. 48' 45/ N. 

Mid. lat. - -. . . -. -. . 52' 03L N. 

Long. 7' 193/ W. 
Long. 25' 30' W. 

Djff. long. 1090./6 
Convergency= 1090.5 X sin 52 '= 859', 

or $ convergency=7' 09/ 
The true bearing signaled by Sea View wca 2441'; as ship is west of the station (north lat., see Par. V) 

tho  3 convergency will be "minus" to the true bearing signaled. 
Therefore the mercatoria1 bearing Will be 2371' nearly. 
Similarly with Ushant. 

Long. 25' 30' W. 
Long. 5' 053/ W. 

Diff. long. 1224.'5 W. 

Lat. D. R .  . . - -. ~. - -48' 45/ IT. 
Lat. UBhant. - -. ~ ~. -48' 264l N. 

Mid. lat.. . . . . . . ~. . .48' 36' N. 
Convergency=1224.5 Xgin 48' 36'=919', 

or f convergency=7' 40' 
The true bearing signaled by Uahant was 2774'; a8 ship is west of the station (north lat., see Par. v> 

the f convergency will be "minus" to the true bearing signaled. Therefore the mercatoria1 bearing will 
be 270' nearly. 

Laying off 2374' and 270' on the chart from Sea View and Ushant, respectively, the intersection 
will be hi: 

Lt .  48' 271/ N.,  long. 25' 05/ W., which is the ship's position. 
NoTE.-h plotting the positions the largest scale chart available that embraces the area should be 

used. A station pointer will be found convenient for laying off the bearings where the distances are 
great. 

The accompanying chartlet (see Fig. 621, drawn on the Mercator projection, shows the above posi- 
tions and the error involved by laying off the true bearinga as signaled from Sea View W/T station and 
Ushant W/T station. 

The black curved lines are the great Circles pawing through Sea View and ship's position, and Ushant 
and ship '8 position. 

The red broken lines are the true bearings laid off a8 signaled. their intersection "B" being in lati- 
tude 50' 14/ N., longitude 25' 46' W., or approximately 110l from tho correct position. 

The red firm lines are the mean mercatoria1 bearings laid off from Sea View and Ushant and their 
bhrsection "C" gives the ship's position verynearly; that is, latitude 48' 271' N., longitude 25' 05' W. 

-- 
8% Dead reckoning. 



Scales for obtaining the Convergency for IO' Diff.Longitude in different Latitudes. 

Scale o f  Conwryewy 

* Scale of Mid.Latituds 

Scala of Con wrgancy 

Example:- Mid. Lat. 50'308' difE long. 2821 To find the Convergency. 
Under SO"30: on Mid. Lat.scak read 7. Ton scale o f  Convergency 
which multiplied by 28.2 gives 217: ehe Converqcncy. 

Fig 62 - 
C . L  Q.S.Print- 99 
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Position “A” is the ship’s D. R. position, latitude 48’ 45’ N., longitude 25’ 30’ W., which wm ueed 

for calculating the 3 convergency. 
NOTE.-AB the true position of the ship should have been used to obtain the 4 convergency, the 

quantity found is not correct, but i t  could be recalculated using lat. and long. “C” and a more correct 
value found. This, however, is only necessary i f  the error in  the ship’s assumed position is very great, 

VIL-ACCURACY OF THIS METHOD OF PLOTTINO. 

Although this method is not rigidly accurate, it can be used for all practical purposes up to 1,000 
miles range, and a very close approximation found to the lines of position on which the ship is, at the 
moment the stations receive her signals. 

VII1.-USE OF W/T BEARINGS WITH OBSERVATIONS OF IIEAVENLY BODIES. 

It follows that W/T bearings may be used in  conjunction with position lines obtained from observa- 
tions of heavenly bodies, the position lines from the latter being laid off as straight lines (although i n  this 
cam also they are not strictly so), due consideration being given to the possible error of the W/T bearings. 
Moreover, W/T bearings can be made use of a t  short distances as “position lines,” in  a similar manner to 
the so-called “Sumner line” when approaching port, making the land, avoiding dangers, etc. 

IX.-CONVERSE METROD. 

When ships are fitted with apparatus by which they record the wireless Iicarings of shore statione 
whoso positions are known, the same procedure for laying off bearings from the shore stations can be 
adopted, but it is to be remembered that in applying the convergency to these bearings it must be 
applied in  the converse way, in  both hemkpherm, to that laid down in paragraph V. 

A new presentation of the problem of conversion of radio bearings to mercatoria1 
hearings with simplified tables is given in Association of Field Engineers, U. S. Coast 
and Geodetic Survey Bulletin, June, 1932, pages 101-108, by A. L. Shalowitz, 
cartographic engineer. 



THE GNOMONIC PROJECTION. 
DESCRIPTION. 

[See Plate I V  and table on p. 187.1 

The gnomonic projection of the sphere is a pervpectivc projection upon a tan- 
gent plane, with the point from which the projecting lines arc drawn situated at 
the center of the sphere. This may also be stated as follows: 

The eye of the spectator is supposed to be situated a t  the center of the terrestrial 
sphere, from whence, being a t  once in the plane of every great circle, it  will see these 
circles projected as straight lines where the visual rays passing through them inter. 
sect the plane of projection. A straight line drawn between any two points or 
places on this chart represents an arc of the great circle passing through them, and 
is, therefore, the shortest possible truc7c line betwcen them and shows at  once all the 
geographical localities through which the most direct route passes. 

FIG. 63.-Diagram illustrating the theory of the gnomonic projection. 
Tho four-sided f l y r e  QRST is the imaginnry paper forming a “tangent planc,” which touches 

tho surfnce of tho globe on the contrnl meridian of the chart. Tho N.-9. nxis of tho globe is con- 
ceived as produced to a point P on which all meridians converge. Where imaginary lines drawn 
from the centcr of the earth through points on i ts  surface fall on tho tangent plane, these 
points can be plotted. The tangent paper being viewed in  the figure from underneath, tho 
outline of the island is reversed BS in a looking glnss; if the papcr wcro transparent, the cutline, 
when sccn from the further side (the chart side) would be in its nnturd relation.-From Charts: 
Their Use and Meaning, by 0. Herbert Fowler, l’h. D., University College, London. 

Obviously a complete hemisphere can not be constructcd on this plan, sinco, 
for points goa distant from the center of the map, the projecting lines are parallcl 
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to the plane of projection. As the distance of the projected point from the center 
of the map approaches 90' the projecting line approaches a position of parallelism 
to the plane of projection and the intersection of line and plane recedes indefinitely 
from the center of the map. 

The chief fault of the projection and the one which is incident to  its nature 
is that while those positions of the sphere opposite to the eye are projected in approxi- 
mately their true relations, those near the boundaries of the map are very much 
distorted and the projection is useless for distances, areas, and shapes. 

The one special property, however, that any great circle on the sphere is repre- 
sented by a straight line upon the map, has brought the gnomonic projection into 
considerable prominence. For the purpose of facilitating great-circle sailing the 
Hydrographic Office, U. S. Navy, and the British Admiralty have issued gnomonic 
charts covering in single sheets the North Atlantic, South Atlantic, Pacific, North 
Pacific, South Pacific, and Indian Oceans. 

This system of mapping is now frequently employed by the Admiralty on plans 
of harbors, polar charts, etc. Generally, however, the aren is so small that the 
difference in projections is hardly apparent and the charts might as well be treated 
as if they were on the Mercator projection. 

The use and application of gnomonic charts as supplementary in laying out ocean 
sailing routes on the Mercator charts have already been noted in the chapter on the 
Mercator projection. In the absence of charts on the gnomonic projection, great- 
circle courses may be placed upon Mercator charts either by computation or by the 
use of tables, such as Lecky's General Utility Tables. I t  is far  easier and quicker, 
however, to derive these from the gnomonic chart, because the route marked out 
on it will show at a glance if any obstruction, as an island or danger, necessitates a 
modiiied or composite course. 

WIRELESS DIRECTIONAL BEARINGS. 

The gnomonic projection is by its special properties especially adapted to the 
plotting of positions from wireless directional bearings. 

Observed directions may be plotted by means of a protractor, or compass 
rose, constructed a t  each radiocompass station. The center of the rose is a t  the radio 
station, and the truc azimuths indicated by it are the traces on the plane of the 
projection of the planes of corresponding true directions at  the radio station. 

MATHEMATICAL THEORY OF THE GNOMONIC PROJECTION. 

A simple development of the mathematical theory of the projection will be 
given with sufficient completeness to enable one to compute the necessary elements. 

In  figure 64, lot PQP'Q' represent the meridian on which the point of tangency 
lies; let ACB bo tlio trace of the tangent plano with the point of tangency a t  0; and 
lo t  the radius of tho splierc bo represented by R; let thc nnglc COD be denoted by 
p; then, CD =OC tan COD =R tan p .  

R11 points of the sphere a t  arc distance p from Cwill be represented on the projec- 
tion by a circle with radius equal to  OD, or 

p =R tan p. 

To roduco this expression to roctnngular coordinates, lot  US suppose tho circle 
drawn on the plane of the projection. In figure 65, let Y'Y' represent the projection 
of the central meridinn and X X '  that of the great circle through C (see fig. 64) 
perpendicular to the ccntral meridian. 
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FIG. 64.-Gnomonic projection-determination of the radial distance. 

Y 

Y' 

FIQ. 65.-Gnomonk projection--determirlation of the coordinates 
on the mapping plane. 

If the angle X O F  is denoted by w ,  wo have 

x =p cos w =R trtn p cos w 

y = p  sin w =R tan p sin w ;  

R sin p cos w 
cos p X =  

Rsinpsin w .  
y- c o s p  
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The expression 
just given for x and y must be expressed in terms of latitude and longitude, or cp 
and X, representing, as usual, the longitude reckoned from the central meridian. 

In figure 66, let  T be the pole, Q the center of the projection, and let P be the 
point whose coordinates are to be determined. 

Now, suppose the plane is tangent to the sphere a t  latitude a. 

7- 

FIa. GG.-Gnomonic projection-transformation triangle on the Rpherc. 

The rmgles between great circles a t  the point of tangency are preserved in the 
projection so that w is the angle between QP and the great circle perpendicular to 

,or, 
TQ at  Q; 

7r L TQP=--w. 2 
A b ,  

T Q = ‘ - ~ .  2 

.and, 

Prom the trigonometry of the spliericnl triangle w c  have 

cos p =sin a! sin (o 4- cos a! cos cos ‘p, 

and 

sin p sill 
__=- or sin p cos w = sin X COS ‘p, cos p cos w’ 

sin p sin w = cos a! sin (o - sill a cos X cos p. 

On tho substitution of these values in tho expressions for 2 and y, wo obtaili 
.as definitions of tho coordinates of the projection- 

N sin X cos p 
sin CY sin (a + cos o1 cos x cos v, ’ X= 

12 (cos CY sin cp -sin a cos X cos v,) . 
sin CY sin v, + cos a cos X COS p 

?J= 
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The Y axis is the projection of the central meridian and the X axis is the pro- 
jection of the great circle through the point of tangency and perpendicular to the 
central meridian. 

To put 
them in more convenient form, we may transform them in the following manner: 

These expressions are very unsatisfactory for computation purposes. 

R sin cos Q 

sin a (sin cp + cos cp cot a cos X) 
__---__I_ 2= 

Let 

then 

But 

and 

Hence 

R cos a (sin cp-cos cp tan a cos A). 
Y =  sin cy (sin cp + cos cp cot a cos X> 

cot p=cot a cos x, 
tan y = tan a cos X, 

R sin X cos Q 

sin a 
___ (sin cp sin p + cos p cos 8) sin /3 

2- 

cos "(sin cp cos y - cos cp sin y )  cos Y 

Y=sin a!. K B ( s i n  Q sin B + cos cp cos p: 

cos (Q-B)  =sin Q sin B+cos cp cos 8, 

sin (p-7) =sin Q cos y-cos cp sin y. 

R sin B sin X cos Q 

sin a cos (cp-p) 

I2 cot a sin B sin (cp - y) 
2= 

y=-cos y cos ( c p - / 3 )  

These expressions are in very convenient form for logarithmic computation, 
or for computation with a calculating machine. For any given meridian j3 and y 
are constants; hence the coordinates of intersection along a meridian are very easily 
computed. It is known, a priori, that the meridians are represented by straight 
lines; hence to draw a meridian we need to know the coordinates of only two points, 
These should be computed as far apart as possible, one near thc top and the other 
near the bottom of the map. After the meridian is drawn on the projection it is 
sufficient to compute only the y coordinate of the other intersections. If the map 
extends far enough to include the pole, the determination of this point will givc one 
point on all of the meridians. 

?r 
Since for this point X = O  and cp=z t we get 

P=a, 

2 = O ,  
Y = a, 

?J = h? rot a. 

If this point is plotted upon the projwtion and another point on each meridian 
is (1cterrnined near the bottom of the map, the meridians can be drawn on the projec- 
tion. 



THE GNOMONIC PROJECTION. 145 

If the map is entensive enough to include the Equator, the intersections of the 
When straight line which represents it, with the meridians can be easily computed. 

cp = 0,  the expressions for the coordinates become 

x=R tan X sec a, 

y= -R tan a. 

A line parallel to the X axis at the distance y = - R tan a represents the Equator. 
The intorsection of tho meridian X with this line is given by 

x = R tan A soc a. 

When the Equator and the pole are both on the map, the meridians may thus be 
determined in a very simple manner. The parallels may then be determined by 
computing the y coordinate of the various intersections with these straight-line 
meridians. 

If the point of tangency is at the pole, a = z  and the expressions for the coordi- 2 
nates become 

x=R cot cp sin A, 

y= -R cot cp COS X. 

In  these expressions X is rockonod from tho central meridian from south to east. 
As usually given, X is reckoned from tho east point to northward. Letting h=T+X' 
and dropping the prime, we obtain the usual forms: 

2 

x = R  cot cp COS X, 

y=R cot cp sin X. 

Tho pnrallels are repro~ented by concentric circles onch with the radius 

Tho meridians 

If the point of 
circles. 

p=R cot cp. 

aro reprosented by the equally spaced radii of this system of 

tangency is on the Equator, a=O, and the oxpressions bocome 

x=R tan X, 

y=R tan cp sec X. 

Tho meridians in this case are reprcsentod by straight lines perpendicular to 
tho X axis and parallel to  the Y nxis. The distance of the meridian X from the 
origin is givon by x-R tan A. 

Any gnomonic projection is symmetrical with respect to  the contra1 meridian 
or to the Y asis, so that the computation of the projection on ORB side of this axis is 
sufiicient for tho completo construction. When tho point of tangency is at tho pole, 
or on the Equntor, ths projection i s  symmotricnl both with respect to  the Y axis 
and to tho X n.xis. It is suficiont in either of these cases to compute the inter- 
sections for u single quadrant. 

Another method for 'tho construction of a gnomonic chart is given in tha 
Admiralty hlanual of Navigation, 1915, pages 31 to  38. 

,74167"--34--10 



WORLD MAPS. 

As stated concisely by Prof. Hinks, I ‘  the problem of showing the sphere on a single 
sheet is intractable,” and it is not the purpose of the authors to enter this Geld to any 
greater extent than to present a few of the systems of projection that have at  least 
somc measure of merit. The ones herein presented are either conformal or equal- 
area projections. 

THE MERCATOR PROJECTION. 

The projection was primarily designed for the construction of nautical charts, 
and in this field has attained an importance beyond all others. Its use for world 
maps has brought forth continual criticism in that the projection is responsible for 
many fdse impressions of the relative size of countries differing in latitude. These 
details have been f u l l y  described under the subject title, “Mercator projection, ” 

The two errors to one or both of which all map projections are liable, are changes 
The former 

page 101. 

of area and distortion as applying to portions of the earth’s surface. 

FIG. 67.-Mercator projection, from latitude 60’ south, to latitude 78‘ north. 

error is well illustrated in a world map on this projection where a unit of area at the 
Equator is represented by an area approximating infinity as we approach the pole. 
Errors of distortion imply deviation from right shape in the graticules or rletworli 
of mcridians and parallels of the map, involving deformation o€ angles, curvature 
of meridians, changes of scale, and errors of distance, bearing, or area. 

In  the Msrcator projection, however, as well as in the Lambert conformal conic 
projection, tho changes in scale and area can not truly be considered as distortion or 
as errors. A mere alteration of size in the same ratio in all directions is not considered 
distortion or error. These projections being conformal, both scale and area are 
correct in any restricted locality when referred to tho scale of that locality, but as the 
scale varies with the latitude largo areas are not, correctly represented. 

USEFUL FEmmES OF TIIE MICRCATO~~ PROJECTION IN WORLD MAm.--Granting 
that on the Mercator projection, distances and areas appear to be distorted relatively 
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when sections of the map differing in latitude are compared, an intelligent use of the 
marginal scale will determine these quantities with sufficient exactness for any given 
section. In  many other projections the scale is not the same in all directions, the 
scale of a point depending upon the azimuth of a line. 

As proof of the impossibilities of a Mercator projection in world maps, the critics 
invariably cite the exaggeration of Greenland and the polar regions. I n  the considera- 
tion of the various evils of world maps, the polar regions are, after all, the best places 
to put the maximum distortion. Generdy, our interests me centered between 
65’ north and 55’ south latitude, and it is in this belt that other projections present 
difiicultics in spherical relations which in many instances are not readily expressed in 
analytic terms. 

Beyond these limits a circumpolar chart like the one issued by the Hydrographic Office, U. S. 
Navy, No. 2560, may be employed. Polar charts can be drawn on the gnomonic projection, the point 
of contact between plane and sphere being a t  the pole. In  practice, however, they are generally drawn, 
not as true gnomonic projections, but as polar equidistant projections, the meridians radiating a~ 
straight lines from the pole, the parallels struck aa concentric circles from the pole, with all degrees 
of latitude of equal length at all parts of the chart. 

I-Iowever, for the general purposes of n circumpolar chart from latitude GOo to the pole, the polar 
stereographic projection or the Lambert conformal with two standard parallels would be preferable, 
I n  the latter projection the 360 degrees of longitude would not be mapped within a circle, but on a 
sector greater than a semicircle. 

Nom-The hfercator projection has been employed in the construction of a hydrographic map of 
the world in  24 sheets, published under the direction of the Prince of Monaco under the title “Car& 
BathymEtrique des OcOans. ” Under the provisions of the Seventh International Geographic Congress 
held a t  Bcrlin in 1899, and by recommendation of the committee in charge of the charting of suboceanic 
relief, assembled a t  Wiesbaden i n  1903, the project of Prof. Thoulet was adopted. Thanks to the generous 
initiative of Prince Albert, the charts have obtained considerable success, and some of the sheets of a 
second edition have been issued with the addition of continental relief. The sheets measure 1 meter in  
length and GO centimeters in  height. The series is constructed on 1 : l O  000 000 equatorial scale, embracing 
16 sheets up to latitude 72’. Beyond this latitude, the gnomonic projection is employed for mapping the 
polar regions in four quadrants each. 

The Mercator projecction embodies all the properties of couformality, which 
implies true shape in restricted localities, and tlie crossing of aU meridians and 
parallels at  riglit angles, the same as on the globe. The cardinal directions, north 
and south, cast and west, always point the same way and remain parallel to the 
borders of the chart. For many purposes, mcteorologica1 charts, for instance, this 
property is of great importance. Charts having correct areas with cardinal directions 
running every possible way are undesirable. 

While other projections may contribu to their portion in special properties from 
an educational standpoint, they cannot antirely displace the Mercator projection 
which has stood the test for over three and a half centuries. It is the opinion of the 
authors that the Mcrcator projection, not only is a fixture for nautical charts, but 
that it plays t~ definite part in giving us a continuous conformal mapping of the world. 

THE STEREOGRAPHIC PROJECTION. 

The most widely known of all map projections are the Mercator projection 
already described, and the stereographic projection which dates back to ancient 
Greece, having been used by Hipparchus (160-125 R. C.). 

The stereographic projection is one in which the oye is supposed to be placed 
at the surface of the sphere and in the hemisphere opposite to that which it is 
desired to project, The exact position of the eye is at  the extremity of the diameter 
passing through the point assumed as the center of the map. 
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It is the only azimuthal projection which has no angular distortion and in 
which every circle is projected as a circle. I t  is a conformal projection and the 
most familiar form in which we see it, is in the stereographic meridional as employed 
to  represent the Eastern and Western Hemispheres. In  the stereographic meridi- 
onal projection the center is located on the Equator; in the stereographic horizon 
projection the center is located on any selected parallel. 

Another method of projection more frequently employed by geographers for 
representing hemispheres is the globuIar projection, in which the Equator and central 
meridian are straight lines divided into equal parts, and the other meridians are 

FIG. GR.--Stereographic meridional projection. 

circular arcs uniting thc equal divisions of the Equator with the poles; the parallels, 
except the Equator, arc likewise circular arcs, dividing the extreme and central 
meridians into equal parts. 

In the globular reprcscntation, nothing is correct except the graduation of the 
outer circle, and the direction and graduation of the two diametcis; distances and 
directions can neither be mcasurcd nor plotted. It is not a projection defined for 
the preservation of special properties, for it  does not correspond with the surface of 
the sphere according to any law of cartographic interest, but is simply an arbitrary 
distribution of curvcs convcniently constructed. 
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The two projections, stereographic and globular, are noticeably different when 
seen side by side. I n  the stereographic projection the meridians intersect the 
parallels a t  right angles, as on the globe, and the projection is better adapted to the 
plotting and measurement of all kinds of relations 51 pertaining to the sphere than 
any other projection. Its use in the conformal representation of a hemisphere is 
not fully appreciated. 

In  the stereographic projection of a hemisphere we have the principle of 
Tchebicheff, namely, that a map constructed on a conformal projection is the best 
possible when the scale is constant along the whole boundary. This, or an approxi- 

FIQ. 69.-Stereographic horizon projection on the horizon of Paris. 

mation thereto, seems to be the most satisfactory soluiion t h t  has been suggested 
in tho problem of conformal mapping of a hemisphore. 

The solution of various problems, including the measurement of angles, diroc- 
tions, and distances on this projection, is given in U. S. Coast nnd Geodetic Survoy 
Special Publication No. 57. The mathematical theory of the projection, the con- 

88 An interesting paper on tlils proJacllon npponred In the American Journnl of Scienco, Vol. XI, February, 1901, The Stereo- 

The npplicntion of this projoction to the solution of spherical prohloms is give11 in Notes ou Steroograpliic Projection, by Prof. 

A practical use of tlio stereographic projection Is illustrnted in the Stnr Finder devised by Q. T. Rude, Iiydrogrnphio nnd 

grnpliic Projoction and its Possibilities from a araphicnl Standpoint, by s. L. Penflold. 

W. W. Eondorickson, U. 5. N., Annapolis, U. 9. Naval Institute, 1005. 

goodotic onginsor, U. S. Const and Geodetic Survey. 
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struction of the stereographic meridional and stereographic horizon projection, and 
tables for the construction of a meridional projection are also given in the same 
publication. 

THE AITOFF EQUAL-AREA PROJECTION OF THE SPHERE. 
(See Plate V and fig. 70.) 

The projection consists of a Lambert azimuthal hemisphere converted into R 

full sphere by a manipulation suggested by Aitoff.3‘ 
It is similar to Mollweide’s equal-area projection in that the sphere is repre- 

sented within an ellipse with the major axis twice the minor axis; but, since the 
parallels are curved lines, the distortion in the polar regions is less in evidence. 
The representation of the shapes of countries far cast and west of the central meridian 
is not so distorted, because meridians and parallels are not so oblique to one another. 
The network of meridians and parallels is obtained by the orthogonal or perpen- 
dicular projection of a Lambert meridional equal-area hemisphere upon a plane 
making an angle of 60’ to the plane of the original. 

The fact that  it is an equivalent, or equal-area, projection, combined with the 
fact that i t  shows the world in one connected whole, makes i t  useful in atlases on 
physical geography or for statistical and distribution purposes. It is also employed 
for the plotting of the stars in astronomical work where the celestial sphere may be 
represented in one continuous map which will show a t  a glance the relative dis- 
tribution of the stars in the different regions of the expanse of the hearcns. 

OBSERVATIONS ON ELLIPSOIDAL PRoJEcTIoNs.--Some criticism is made of ellip- 
soidal projections, as indeed, of all maps showing the entire world in one connected 
whole. It is said that erroneous impressions are created in the popular mind either 
in obtaining accuracy of area a t  the loss of form, or the loss of form for the purpose of 
preserving some other property; that while these are not errors in intent, they are 
errors in effect. 

It is true that shapes become badly distortcd in the far-off quadrants of an hitoff 
projection, but the continental masses of special interest can frequently be mapped in 
the center where the projection is at  its best. It is true that the artistic and mathe- 
matically trained eye will not tolerate “the world pictured from a comic mirror,” 
as stated in an interesting criticism; but, under certain conditions where certain 
proporties are desired, these projections, after all, play an important part. 

The mathematical and theoretically elegant property of conformality is not of 
sufficient advantage to outweigh the useful property of equal area if the latter prop- 
erty is sought, and, if we remove the restriction for shape of small areas as applying 
to conformal projections, the general shape is often better preserved in projections 
that are not conformal. 

The need of critical consideration of the system of projection to be employed in 
any given mapping problem applies particulary to the equal-area mapping of the 
entire sphere, which subject is again considered in the following chapters. 

A base map without shoreline, size 11 by 224 inches, on the Aitoff equal-area 
projection of the sphere, is published by the U. S. Coast and Geodetic Survey, the 
radius of the projected sphere being 1 decimeter. Tablcs for the construction of this 
projection directly from z and ?/ coordinates follow. These coordinates were obtained 
from the Lambert meridiona1 projection by doubling the 2’s of half the longitudes, 
the y’s of half the longitudes remaining unchanged. 

a4 Also written, D. Aitow. A tletailed account of this projection is given in Petermanns Mittoilungon, 1892, vol. 38, pp. 86-87. 
The projection may Justly be termed the nammer-AitonproJection, since the result Is actually due to Dr. Hammer of Stuttgnrt. 



FIG. 7O.-The Aitoff equal-area projection of the sphere with the Americas in center. 



TABLE FOR THE CONSTRUCTION OF AN AITOFF EQUAL-AREA PROJECTION OF THE SPHERE. 

20" 

348.6 
0.0 

344.6 
175.0 

332.6 
348.6 

312.5 
519.5 

284.1 
680.3 

247.0 
947.8 

201.0 
1002.5 

145.5 
1149.4 

73.8 
1287.0 

....... 

ir 
01 
M 

30' -- 
522.1 
0.0 

516.1 
175.8 

498.1 
350.2 

467.8 
521.8 

425.1 
689.2 

369.6 
&%.9 

299.9 
1005.7 

217.1 
1152.2 

1 l i . f  
1238.F 

.............. , ....... 

[Radius of projected sphere equals 1 decimeter. Rectangular coordinates in decimillimeters.] 

2294.3 
0.0 

2163.8 
212.4 

2172.7 
420.8 

2021.7 
621.1 

1812.4 
839.2 

1526.8 
980.9 

1228.1 
1131.8 

N.1 
157.4  

448.4 
1353.1 

.............. 

2435.0 
0.0 

2401.8 
219.2 

2302.5 
433.8 

2138.5 
639.1 

1911.9 
830.4 

1626.1 
1003.1 

1285.4 
1152.4 

835.6 
1273.7 

464.1 
1362.4 

............... 

Latitude loo.. ................. 

Latitude Bo.. ................. 

Latitude 30'. .................. 

Latitude 40a- ................... 

Latitude 50°. .................. 

Y 

z 
Y 

r 
Y 

z 
Y 
z 
Y 
z 
Y 

__ - 
1800 
- 
m. 4 

0.0 

27%. 5 
245.6 

2657.9 
483.7 

2449.5 9 
707.1 

2166.7 

0 1818. 1 
1083.4 5 
1416.2 

967.4 3 
491.2 8 

1392.7 0 
M 

Q 
ul 

908.0 Q 

1224.7 P- 

13B.9 

....... ....... 2 
__ 

5 

I_ - 
90" - 
530.7 

0.0 

512.2 
185.6 

1456. i 
374.9 

1364.0 
556.9 

1233.9 
732.1 

1066.0 
898.3 

859.5 
1052.7 

613.8 
1192.5 

327. E 
1314.4 

...... 

- - 
1100 

- __ 
00 
__ 

0.0 
0.0 

0.0 
174.3 

0.0 
347.3 

0.0 
517.6 

0.0 
W.0 

0.0 
845.2 

0.0 
1wo. 0 

0.0 
1147.2 

0.0 
12%. 6 

0.0 
1414.2 
__ 

- c_ 

40" -- 1400 I 150" 
Lnngitude ............................ 

1690.5 
0.0 

1669.8 
192.2 

1607. 6 
381.9 

1504. I! 

'2%. 7 

566.1 

144.1 

1171.6 
911.3 

942.4 
1065.4 

669.4 
1203.1 

356. E 
1321. C 

....... 

....... 

1847.0 
0.0 

1824.0 
196.3 

li55.0 
389.9 

1M. 1 
5i8.0 

142.4 
151.7 

123.0 
924.0 

1021.2 
lOi9. i 

724.5 
1215.1 

383. i 
1328.5 

....... 

....... 

m. 0 
0.0 

1974.6 
201.0 

1898.6 
399.0 

1772.1 
590.7 

1595.6 
7i3.0 

1369. i 
942.4 

1095.4 
1095.4 

774.2 
1225.1 

408.0 
1335.9 

....... 

....... 
__ 

Z49.2 
0.0 

2121.3 
206.4 

2037.9 
409.2 

lWQ.4 
605.0 

190.1 

1461.2 
960.7 

1164.6 
1112.8 

819.5 
m 2 . 2  

429. 6 
1344.3 

' 9 . 8  

25il. 2 
0.0 

2534.9 
2%. 9 

24%. 9 
448.5 

2249.1 

2001.6 
854.0 

1698.2 
1027.5 

1335.9 
1174.8 

925.6 
1291. I 

476.E 
13i2.5 

659.3 

2702.4 
0.0 

2653.2 
235.7 

2545.6 
465.0 

2353.0 
651.8 

2089.8 
880.1 

1762.5 
1054.2 

1379.1 
1198.9 

949. c 
1309.€ 

455.: 
1382. 

....... 

174.5 
0.0 

172.5 
174.5 

166.5 
347.6 

156.4 
518.1 

142.2 
684.6 

123. i 
845.9 

1w. i 
1ooO. 6 

72.8 
1147.7 

33.5 
1255.9 

694. 6 
0.0 

656.6 
177.0 

a 2 . 5  
352.5 

622.1 
525.0 

565.1 
693.2 

491.0 
655.4 

1010. I 

2.37. E 
1156. I 

155. f 
1291.4 

399. a 

...... 

...... 

m.7 
0.0 

855.7 
178.5 

825.5 
355.5 

774.9 
529.3 

703.5 
698.4 

610.8 
861.2 

495. E 
1016. C 

357.: 
1161. I 

192. < 
1m. t 

1035.3 
0.0 

1023.2 
183.4 

9%. 7 
359.1 

925.8 
534.5 

1M.8 

7%. 6 
865.3 

590. i 
1023. I 

1167.- 

90.0 

424. ; 
229. I 

1298,. 

...... 

1202.8 
0.0 

llRQ.6 
182.7 

1146.0 
363.6 

10i4.6 
540.8 

274.2 
112.6 

w.0 
876.8 

682.7 
1030.8 

490.4 
1174.5 

263.6 
1303.1 

...... 

1368.1 
0.0 

1351.8 
185.4 

1302.7 
368.8 

1220.8 
548.3 

1:M. 6 
(21.6 

9.56.6 
856.8 

7i3.0 
1041.4 

553.5 
11a.o 

296.6 
1308.4 

....... ....... ...... 
~ 

...... 
__ 

... 
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Thus, in the Lambert meridional projection, the coordinates at latitude Zoo, 
longitude 20°, am 

~ ~ 0 . 3 3 1 2 3  decimeter, or 331.23 decimillimeters. 
y = 0.35248 decimeter, or 352.48 decimillimeters. 

For the Aitoff projection, the coordinates a t  latitude Z O O ,  longitude 40°, will be 
x=2 X331.23 =662.5 decimillimeters. 
?/= 352.5 decimillimeters. 

The coordinates for a Lambert equaI-area meridional projccfion are given on 
page 75. 

THE MOLLWEIDE HOMALOGRAPHIC PROJECTION. 

This projection is also linown as Babinet's equal-surface projection arid its 
distinctive character is, as its name implies, a proportionality of areas on the spliere 
with the corresponding areas of the projection. The Equator is developed into a 
straight line and graduated equally from 0' to 180Oeither way from the central 
meridian, which is perpendicular to it and of half the length of the representative 
line of the Equator. The parallels of latitude are all straight lines, on each of which 
the degrees of longitude are equally spaced, but do not bear their true proportion 
in length to those on the sphere. Their distances from the Equator are determined 
by the law of equal surfaces, and their values in the table have been tabulated 
between the limits 0 a t  the Equator and 1 for the pole. 

lb. 71.-The Jhllweide homalopphic projection of the sphere. 

The meridian of 90' on oithcr side of the central incridian appears in the 
projoction as a circle, and by intersection determines the length of 90' from the 
central meridian on all the para3lels; the other meridians are parts of elliptical 
arcs. 

Extending the projection to smbrace the whole surface of tho sphere, the 
bounding line of the projection becomes an ellipse; the area of the circlo included 
by the meridians of 90' equals that of the hemisphere, and the crescent-shaped 
mcas lying outsido of this circle between longitudes f 90' and k 180' are together 
oqua1 to that of the circle; also the area of the piojection between parallds f30° 
is equal to thesame. 
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In  the ellipse outside of the circle, the meridional lengths become exaggerated 
and infinihly small surfaces on the sphere and the projection are dissimilar in form. 

The distortion in shape or lack of conformality in the equatorial belt and polar 
regions is the chief defect of this projection. The length which represents 10 de- 
grees of latitude from the Equator exceeds by about 25 per cent the length along 
the Equator. In the polar regions it does not matter so much if distortions become 
excessive in the bounding circle beyond 80 degrees of latitude. 

The chief use of the Mollweide homalographio projection is for geographical 
illustrations relating to area, such as the distribution and density of population or 
the extent of forests, and the like. I t  thus serves somewhat the same purpose as 
the Aitoff projection already described. 

The mathematical description and theory of the projection are given in 1,ehrbuch 
der Landkartenprojectionen by Dr. Norbert Hem, 1585, pages 161 to 165; and 
Craig (Thomas), Treatise on Projections, U. S. Coast and Geodetic Survey, 1882, 
pages 227 to 228. 

CJON~TRUCTION OF TEE MOLLWEIDE IIOMALOGRAPHLC PROJECTlON OF A IIEMISPH ERE, 

Having drawn two construction lines perpendicular to each other, lay off north 
and south from the central point on the central meridian the lengths, sin e, which are 
given in the third column of the tables 35 and which may be considered as coor- 

FIG. 72.-The Mollweide homalographic projection of a hemisphere. 

dinates, these lengths being in terms of the radius as unity. The points 50 obtained 
will be the points of intersection of each parallel of latitude with the central meridian. 

With a compass set to the length of the radius and passing through tho upper 
and lower divisions on the central meridian, construct a circle, and this will represent 
the outor meridian of a hemisphere. Through the points of intersection on tho 
central meridian previously obtained, draw lines parallel to the Equator and they 
will represent the other parallels of latitude. 

These tables -were computed by Jules Bourdin. 
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For the construction of the meridians, it is only necessary to divide the Equator 
and pmallels into the necessary number of equal parts which oorrespond to the 
unit of subdivision adopted for the chart. 

HOMALOGRAPI-TIC PROJECTION OF THE SPIIERE. 

I n  tho construction of a projoction including the entire sphere (fig. 71), we 
proceed as before, excepting that the parallels are extended to  the limiting ellipse, 
and their lengths may be obtained by doubling the lengths of the parallels of the 
hemisphere, or by the use of the second column of the tables under tho values for 
cos 8, in which cos e represents the total distance out along n given parallel from 
tho central to the outer meridian of the hemisphere, or 90 degrees of longitude. I n  
the projaction of a sphere these distances will be doubled on each side of the central 
meridian, and the Equator becomes the major axis of an ellipse. 

Equal divisions of the parallels corresponding to  the unit of subdivision ndopted 
for the chart will determine points of intersection of the ollipscs representing the 
meridians. 
TABLE FOR THE CONSTRUCTKON O F  THE MOLLWEIDE IIOMAJAOGRAPHIC PROJECTION. 

Lntitudo 
c 

0 ,  

0 0 0  
0 30 
1 0 6  
1 30 
2 0 0  

2 30 
3 0 0  
3 30 
400 
4 30 

B o o  
6 0 0  
0 30 
700 

5 30 

7 30 
8 0 0  
3 3 0  
9 0 0  
9 30 

i n  on 
10 30 
11 00 
11 30 
12 00 

12 30 
13 00 
13 30 
14 00 
14 30 

15 W 
15 30 
16 00 
10 30 
17 00 

17 30 
18 00 
18 30 
19 nn 
19 30 

2n 00 

21 30 

20 80 
21 00 

22 00 
22 30 

cos e 

1. OOODOOO 
0.9999707 
0 . 9 9 9 m  
0.9997884 
0.9808240 

0.9094127 
0.8881512 
0.9988489 
0.9984967 
0.9980070 

0.9970507 
0.9971572 
0.9900109 
0.09002R8 
0.9953942 

0.9947127 
0. R039R39 
0.0932w 
0. 9923847 
0. 091514u 

0. Mx)5970 
0.9890322 
0.9886204 
0.987rkl14 
0.0804550 

0.9853012 
0.9841004 
0.9828517 
0.9815550 
0.9302124 

0.97RR217 
0.9773R30 
0.9758970 
0.0743R17 
0.9727827 

0.9711537 

0.9677529 
0.865980D 
0.0041609 

0.909477n 

0.9022929 
0.9003770 
0.9584130 
0.9504M)s 
0.9543400 
0.0522324 

sin 0 

0. OOMXXW)O 
0.0088543431 
0.01370813 

0.02741423 
0. n205ei 14 

0. 03420nz2 
n.04111710 
0.04790680 
0.05481465 
O.OglO6115 

0. 0885n~w 
0.07534RM) 
0.08218950 
0.ORIM2780 
0.00580340 

0.10208610 
0.l0052580 
0. 11035235 
0.12317565 
n. 12008545 

0.13681155 

0.15043095 
0.15723380 
0.10403180 

0.1a6235n 

n. i 7 0 m z o  
n. 17761305 
n. i 8 4 3 m n  
0.19117535 
0.19704810 

0.20471500 
0.21147590 

0.22407R45 
0.23171960 

0.21 a3050 

0.23845360 

0.25861370 

0. 24m1zn 
0. ~5190120 

0. 2 o ~ i s 4 n  

0.27201520 

0.28536430 

0.29871950 
0.30537390 

0. z7a70400 

0. zo~n501n 

685088 
084960 
084805 
684050 
084485 

OR2970 
6UZ055 
082330 

081010 

081 195 
080745 

079810 
679330 

osmn 

1x0285 

078845 
078345 
677825 
077275 
076690 

670000 
076460 
074795 
074115 
073430 

072730 
072000 
671250 
070470 
609680 

0 n w o  
008030 
007180 
000340 
005440 

22 30 
23 00 
23 30 

24 30 
24 on 

25 00 

20 on 
20 30 
37 00 

25 3n 

27 30 

29 30 

28 00 
28 30 
29 00 

30 00 
30 30 
31 00 
31 30 
32 no 
3.0 3n 
33 00 
33 30 
34 00 
34 30 

35 no 
35 30 
30 00 
36 3n 
37 00 

37 30 

38 30 
39 00 

38 no 

39 30 

40 00 
40 30 
41 00 
41 30 
42 00 

42 30 
43 00 
43 30 
44 00 
44 30 
45 00 

CJY e 

0.9522324 
0.950075G 
0.8478704 
0.9456170 
0,9433152 

0.92848M) 
0.895874 
0.8231446 
0. QZO~O:KI n. 9176119 

0.8K4020(i 
0. HS022RZ 
0. 87078%) 
0.873290% 
0.8697454 

0.8(161484 
0.8l125002 
0.85813002 
0.8550482 
0.8512442 

0.8473870 
0. R434792 
0. 83115179 
n. a55021) 
0. &?14304 

0. RZ73120 
0. 82:i1420 
0.8189142 
0.814K326 
n. X I ~ ~ Q I X  
0. X0590.58 

sin 6 

0. 30537390 
0.3120i94n 

0 .3~52~21n  
0.31865560 

0.33189860 

n. 33850520 
n. 34510150 
0.351 o8nn 
n. 3.W20250 
0.30482680 

0.37138000 
0,37792200 
n. 38445240 
n. 3~007120 
n. 39747840 

n. 40307380 
0.41(~5870 
0.41002nao 
n. 4z~38400 
0.499R2R00 

0.436258417 
0.44207510 
0 . 4 4 ~ ~ 0 7 ~ 1 0  
n. 4554onn 
n. ~~1842411 

0.40820350 
0. 47455020 
0. 48nx82.111 
0.48719920 
0.49350080 

0.49978070 
0. mm70 
0.51231000 
0.51854850 
0.62476080 

0.53007420 
0.53710180 
0.54333170 
0.54948450 
0.55501080 

0.56173000 
0.50783530 

0.57097710 
n. 5 7 x 1 1 ~  

0. 5~60201n 
o. 59204370 

004550 
003620 
002650 
001 650 
D ~ W B O  

059030 
05R5RO 
057520 

055320 
058430 

054200 

6518811 

04m9n 

043040 

053040 

050720 
049540 

647010 
045720 
014400 

034670 
033220 
031 080 
830 I 60 
028590 

027000 

023760 

020440 

025420 

022130 

018740 

015280 
013510 
611700 

017nin 
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TABLE FOR THE CONSTRUCTION OF THE MOLLWEIDE HOMALOQRAPHlU PROJECTION- 
continued. 

__ 
Difference 

sin a 
- 

Latitude 
‘p 

-~ 
0 ,  

45 00 
45 30 
46 00 
46 30 
47 00 

47 30 
48 00 
48 30 
49 00 
49 30 

60 no 
KO ao 
61 00 
51 30 
62 00 

52 30 
5 3 0 0  
53 30 
54 00 
54 30 

55 00 
55 30 
56 00 

57 00 

57 30 
58 00 
58 30 
59 00 
59 30 

60 00 

61 00 
61 30 
62 00 

62 30 
63 00 

64 00 
64 30 

65 00 
65 30 
66 00 

67 00 
67 30 

50 ao 

eo 30 

63 313 

136 30 

_ _ _ _ _  
Latitude 

Ip 
cos 0 

_- 
0. $059068 
0.8014604 
0.7969604 
0.7924049 
0.7877940 

0.7831270 
0.7784035 
0.7736235 
0.7687865 
0.7638925 

0.7589409 
0,7539317 
0.7488843 
0.7437375 
0.7385513 

0.7333054 
0.7279995 
0.7226332 
0.7172058 
0.7117175 

a 7061676 

0. e~1)1390 

0.7005550 
0 6948790 

0.6833342 

0.6774641 
0.67152P5 
0.6655270 
0.6594590 
0.6533232 

0.6471191 
0.6408456 
0.8345019 
0.62ROR69 
0.6218M)l 

0.61~)407 
0. em4076 
0.6016988 
0.5949143 
0.5880519 

0.5siiin7 
0.5740994 
0.5(180870 
0.5598024 
0.5525330 
0. ?~517!li 

sin e 

0.59204370 

n. 604031 70 
0.69804760 

0.60999530 
0.61593870 

0.62186190 
0.62776410 
0.63364540 
0.63950560 
0.64534360 

0.65115960 
0.65695270 
0.68272350 
0.66847200 
0.67419710 

0.67989910 
0.08.557740 
n. 0 ~ 1 ~ 3 i a o  
0. e9exei3n 
0. 70246580 

n. 7 0 8 0 ~ 0  
n. 71369830 

n. 7~~629211 
0.73ni0570 

0.71012650 

0.73555570 
0.74007870 
0.74037350 
0.75174020 
0.75707900 

0.76766950 

0.78333450 

0.7ems70 

0.77202120 
n. 77814310 

n. 7~~49520 
n. 70302470 

n. 80378900 
0,79872200 

0.80882300 

0. R1382420 
0.81879250 
0,823726GO 
0,82602800 
0.83349040 
n. vmi940 

eo0380 
598410 
596360 
594340 
592320 

590220 
588130 
688020 
6R3800 
681600 

679310 
577080 
574850 
572510 
570200 

567830 
605440 
562950 
560450 
657880 

555370 
552820 
550270 
54 7650 
545000 

542300 
539480 
536670 
533850 
530070 

628080 
6251 70 
522190 
519140 
5ien70 

512950 
509820 
tmmn 
503400 
500120 

496830 
493410 
489940 
488440 
4829n(l 

0 ,  

67 30 
68 00 
68 30 
69 00 
69 30 

70 00 

71 00 
71 30 
72 00 

72 30 
73 00 
73 30 
74 00 
74 30 

75 00 
76 30 
76 00 
76 30 
77 00 

77 30 
78 00 
78 30 
79 00 
79 30 

8 0 0 0  
80 30 
81 00 
81 30 
82 00 

83 00 
83 30 
84 00 
84 30 

85 00 

86 00 
86 80 
87 00 

87 30 
88 00 
88 30 
80 00 

70 30 

82 ao 

x6 ao 

89 30 
on 00 

___._ 

cos 0 

n. a51794 
n. 5377379 
0.530207i 

0. ~ 7 0 0 0 3  

0.5225861 
0.51.18715 

0.4091511 
0.4911423 
0.4830314 
0.4748167 

0.46049$2 
0.45Ko613 
0.4405146 

0.4320059 

0.4231614 
0.4141156 
0.4049364 
0.3956158 
0.3861534 

0.3705409 
0.3667705 
0.3568322 
0.3467146 
0.3364137 

0.3259234 
0.3152285 

0.2921755 
0.281 7763 

0.2701079 
0.2581616 
0.245’5837 
0.2332737 

0.4408511 

0.3043180 

0. 2022700 

0.2068365 
0.1920149 
0.1784407 
0.1633412 
0.1474833 

0.1306660 
0.1126372 
0. (H)2Q952 
0.071fJ530 
0.0447815 
o.Oo0oooo 

sin 6 

0.83831940 
0. 84311240 
0. &17K6820 
0. 8.5258660 
0.85726740 

0.86191060 

0.87107920 
0.87500300 
0.88008460 

0.88452400 
0.88892040 
0.89827300 
0.89758020 
0.90184180 

0. msim 

0. woo5620 

0. o i 4 w z n  
0.91022420 

0.918416W 
0.92243460 

0.92640010 
0.93031150 

0.93797000 
0.94171410 

0.94539000 

n. 93416~0 
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GOODE’S HOMALOGRAPHIC PROJECTION (INTERRUPTED) FOR THE CONTINENTS AND 
0 CEAN S. 

[See PhtC \TI arid fig. 73.1 

Through the kind permission of Prof. J. Paul Goode, Ph. D., we art3 able to 
include in this paper a projection of the world devised by him and copyrighted by 
the University of Chicago. I t  is an adaptation o€ tho homalographic projection 
and is illustrated by Plate V I  and by figme 73, the former study showing the world 
on the hornitlo~r~p7iic pro jec t i on  (.interrupted) for  the cont inents ,  the latter being the 
same projection interrupted for ocean units. 

The homalographic projection (see fig. 71) which provides the base for the new 
modification was invented by Prof. Mollweide, of I-TrtlIe, in 1305, and is an equal- 
area representation of the entire surface of the etirth within an ellipse of which the 
ratio of major axis to minor asxis is 2: 1. The first consideration is the construction of 
an equal-area hemisphere (see fig. 72) within the limits of t-i circle, and in this pro- 
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jection the radius of the circle is taken 8,s the square root of 2, the radius of the 
sphere being unity. Tlis Equator and mid-meridian are straight lines a t  riglit angles 
to each other, and are diameters of the map, the parallels being projected in right 
lines parallel to the Equator, and the meridians in ellipses, all of which pass through 
two fixcd points, the poles. 
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In view of the above-mentioned properties, the Mollweide projection of tho 
hemisphere offers advantages for studies in comparative latitudes, but shapes becomc 
badly distorted when the projection is extended t o  the whole sphere and becomes 
ellipsoidal. (See fig. 71 .) 

In  Prof. Goode's adaptation each continent is placed in the middle of a quad- 
rillage centered on a mid-meridian in order to  secure for it the best form. Thus 
North America is best presentcd in the meridian 100' west, while Eurasia is wcll 
taken care of in the choice of 60' east; the other continents arc balanced as follows: 
South America, 60' west; Africa, 20' east; and Australia, 150' cast. 

Besides thc advantage of equal area, each continent and ocean is thus balanced 
on its own axis of strength, and world relations arc, in a way, better shown than onc 
may see them on a globe, since they are'all seen at onc glancc on a flat surface. 

In  the ocean units a middle longitude of each ocean is chosen for the mid-meridian 
of the lobe. Thus the North Atlantic is balanced on 30' west, and the South Atlantic 
on 20' west; the North Pacific on 170' west, and the South Pacific on 140' west; thc 
Indian Ocean, northern lobe on 60' east, and southern lolie 90' east. 

We have, then, in one setting the continents in true relative size, whilc in mother 
setting the oceans occupy the center of interest. 

The various uses to which this map may hc put for statistical dnta, distribution 
diagrams, etc., nre quite evident. 

Section 3 (the eastern section) of figure 73, if extended slightly in longitude and 
published separately, suggests possibilities for graphical ilIustriLtion of long-distance 
sailing routes, such as New York to Buenos Aires with such intermedinto points as 
msiy be desired. While these could not servc for nautical charts-a province that 
belongs to the Mercstor projection-they would he better in form to be looked n t  
and would be interesting from un educational standpoint. 

As a study in world maps on m equal-area representation, this projcction is s 
noteworthy contribution to  economic geography and modern cartography. 

LAMBERT PROJECTION OF THE NORTHERN AND SOUTHERN HEMISPHERES. 

[SCC Platc VII.] 

This projection was suggested by Cornmandcr A. 13. Clcments of tho U. S. 
Shipping Board and first constructed by the U. S. Coast and Geodetic Survcy. 
It is a conformal conic projection with two standard parallels and provides for 
a repetition of each hemisphere, of which the bounding circle is the Equator. 

The condition that the parallel of latitude 10" be held as one of the standards 
combined with the condition that tho hemispheres be repeated, fixes the other 
standard parallcl at  48' 40'. 

The point of tangency of the two hemispheres can be placed at  will, and the 
repetition of the hemispheres provides ample room for continuous sailing routes 
between any two continents in either hemisphere. 

A map of thc world has been prepared for the U. S. Shipping Board on this 
system, scale 1: 20 000 000, the diameter of a hemispherc being 54 inches. By a 
gearing dcvice the hemispheres may be revolved so that a sailing route or line of 
commercial interest will pass through the point of contact and will appear as a con- 
tinuous line on the projection. 

Tables for the construction of this projection arc given on page 86. The 
scale factor is given in the last column of the tables and may hc used if greater accu- 
racy in distances is desired. In order to correct distances mcasured hy t h o  graphic 



FIQ. 74.-Guyou’s doubly periodic projection of the sphere. 
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scale of the map, divide them by the scale factor. Corrections to  area may be applied 
in accordance with the footnote on page 81. With two of the parallcls true to scale, 
and with scale variant in other parts of the map, care should be exercised in applying 
corrections. 

In spite of the great extent covered by this system of projection, the property 
of form, with a comparatively small change of scale, is retained, and a scale factor 
for the measurcmeiit of certain spherical relations is available. 

CONFORMAL PROJECTION OF THE SPHERE WITHIN A TWO-CUSPED EPICYCLOID. 

[See I’latc VI11 and ts’h on 1,. 192.1 

The shape of the sphere when developed on a polyconic projection (see fig. 47) 
suggested the development of a conformal projection within the area inclosed by a 
two-cusped epicycloid. The distortions in this case appear in the distant quadrants, 
or regions, of lesser importance. 

Notwithstanding the appearance of similarity in the bounding meridians of the 
polyconic and the conformal development, the two projections are strikingly diff ereii t 
and present an interesting study, the polyconic projection, however, serving no  
purpose in the mapping of the entire sphere. 

For the above system of conformal representation we are indebted to Dr. F. 
August and DP. G. Bellermann. Thc mathematical development appears in Zeik 
schrift der Gesellschaft fur Erdkundc zu Berlin, 1574, volume 9, part 1, No. 49, 
pages 1 to 22. 

GWOU’S DOUBLY PERIODIC PROJECTIOX OF THE SPHERE. 

[Sce fig. 74.1 

In Annales Ilydrographiques, second series, volume 9, pages 16-35, Paris, 1887, 
we have a description of an interesting projection of the entire sphere by Lieut. E. 
Guyou. It is a conformal projection which provides for the repetition of the world 
in both directions-east or west, north or south, whence the name doubly periodit.. 
The necessary deformations are, in this projection, placed in the oceans in a more 
successful manner than in some other ropresentations. 

The nccompanying illustration shows the Eastern and Western Hemispheres 
without the duplicature noted above. 

Two interesting projections for conformal mapping of the world should be mentioned in this 
review as having already been discussed in United States Coast and Geodetic Survey Special Publi- 
cation No. 57, pages 111 t o  114. Both of these are by Lagrange, o m  boing a double circular pro- 
jection in which Paris is selected a8 center of least alteratioii with variation as slow as possible from 
that  point; the other shows the earth’s surface within a circle with the center on thc Equator, the 
variations being most conspicuous in the polar regions. 

In the representation of moderate areas no great dificulties are encountered, 
but any attempt to map the world in one continuous sheet presents difliculties that 
are insurnioun table. 

For conformal mapping of the world the Mercator projection, for many pur- 
poses, is as good as any, in that it gives a definite measure of its faults in the border 
scale; for equal-area mapping, Professor Goode’s interrupted homalographic projection 
accomplishes a great deal toward the solution of a most difficult problem. 

ru’c,e.-Since the publication of the first edition, ending with the preceding 
paragraph, other solutions of the problem of equal-area mapping of the world have 
appeared, some of which are given in the following pages. 

[See fig. 79 and table on p. 193.1 
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RECENT CONTRIBUTIONS TO WORLD MAPPING. 

The growing interrelation of countries of the Orient and Occident and the tre- 
mendous importance of scientific research have recently given an intellectual stimulus 
to the art and science of cartography, especially as applied to the greater problems 
which arise in the mapping of areas of continental or world proportions. 

Brief mention will here be made of a few of the more important studies or con- 
tributions to the subject which have appeared since the publication of the first edi- 
tion of this book. The first projection to be described with its application to world 
mapping is the so-called sinusoidal. 

SINUSOIDAL OR MERCATOR EQUAL-AREA PROJECTION. 

This projection has already been mentioned on page 68 under the heading 
‘LSanson-Flamsteed projection.” It was employed in the Mercator-Hondius atlases 
as early as 1606 for a map of South America. In  the following years its use was 
extended to the mapping of Africa and to groups of continents of hemispherical 
proportions. 

The projection as employed in the Mercator atlases appeared without a name but 
was subsequently called the Sanson-FIamsteed, and, later on, the sinusoidal pro- 
jection, the latter term being appropriate only from the viewpoint that the meridians 
are sine curves. Sanson, however, did not use this projection until 1650 and Flam- 
steed used i t  first in 1729. 

Such, then, is its brief history and one of its applications is illustrated by the 
accompanying diagram (see fig. 75) as taken from the Nordisk Varlds Atlas, Stock- 
holm, 1927. 

DESCRIPTION. 

1 .  The sinusoidal is an equal-area projection; that is, the projection is true for 
area scale throughout. A square inch on any part of the map covers the same ground 
area as a square inch on any other part. 

2. It gives true linear scale for all measurements paralleling the Equator and 
on the vertical (or, as in this case, the central) meridian of each figure. Other 
linear measurements, however, are variable. 

3. It provides an unusually convenient base for plotting data, since the intervals 
between parallels are true and the meridional divisions along each parallel are true 
and equal. 

4. It allows the map to be divided into three tangential groupings-North and 
South America, Europe and Africa, Asia and Australia-thus covering as much of 
the earth’s surface as may be desired. 

This same system of projection is employed by tho Bureau of Foreign and 
Domestic Commerce, Washington, D. C., for purposes of statistical comparisons, 
such as population densities, natural resources, etc. The arrangement employed 
by the American bureau is slightly different and perhaps better than I h t  of the 
atlas mentioned, due to the fact that this system adapts itself to nn interrupted 
alignment as between the northern and southern continents. Whereas in the atlas 
we have three vertical groupings, in the bureau’s we have tho benefit of five different 

84157”--34-11 161 
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orientations to the north and south, North America being centered on meridian 
100' west of Greenwich, South America on 70" west, Europe and Africa on 20' 
east, Asia on 120" east, and Australia on 140' east. 

In the various groupings of continental masses to be charted, to which this 
system of projection is applicable, it may be suggested that inasmuch as our 
interest in world mapping is confined within the limits of 70' north latitude and 
70' south latitude, ordinary maps need not be extended beyond those latitudes. 
Polar caps covering the remaining 20' can be placed in the vacant spaces of the 
map on a circular equal-area projection on the same scale as the general map, or 
the main projection itself may be continued to include the poles. 

CONSTRUCTION OF THE PROJECTION. 

The construction of this projection is exceedingly simple and is carried o u t  as 
follows: Draw a straight line to represent the Equator and erect a perpendicular to 
it a t  the center of the sheet. On this central meridian lay off to the given scale the 
true distances of latitude north and south for every parallel to  be represented on the 
map. These distances are given in Tables for a Polyconic Projection of Maps, 
U. S. Coast and Geodetic Survey Special Publication No. 5 (fourth edition). For 
small-scale maps, intervals of 1" are given on page 7; for large-scale maps the general 
tables which follow may be used. Through the points thus determined draw lines 
parallel to the Equator and these will represent the parallels of latitude of the map. 

The meridians can be located by laying off to the given scale east and west 
from the central meridian their true intervals on each parallel. These intervals 
are given on page 6 of the publication mentioned above. By connecting the cor- 
responding points thus established on the successive parallels, all of the meridians 
can be drawn and the projection completed. 

This useful projection which has appeared under so many names, none of which 
are definitely satisfactory either from the viewpoint of authorship or description, 
might well have been termed "Mercator equal-area projection" in the first place, 
from the fact that the early atlases bearing his name gave us the first substantial maps 
in which it was employed. Mercator's name has, however, been so clearly linlred 
witjh his nautical conformal projection that it becomes necessary to include with 
his name the words equal-area if we wish to disregard the later claimants of its 
invention, and call it the Mercator equal-area projection, A t  the present day the 
name sinusoidal, though meager in definition, is rather customary and can not be 
disregarded. 

MODIFIED SINUSOIDAL AND MOLLWEIDE PROJECTIONS. 

An interesting projection for world maps somewhat similar to the one just 
described has been dcvised by S. W. Boggs, of the Department of State, Wash- 
ington, D. C. This projection is in a sense a mathcmatical mean between the sinu- 
soidal and Mollweide projections. I ts  appearance st the poles is inore pleasing 
than the sinusoidal in that the polar points are not so conspicuous as in the former. 
While this feature is an improvement to the general appearance of the map, the 
scale and shape of land masses in the equatorial regions are not as good as in the 
sinusoidal projection. The properties of the projection are in a general way a 
mean of the properties of the two projections from which it is derived. 

The mathematical theory that forms the basis of the projcction was devcloped 
by Mr. Adams, one of the authors of this publication, and the first computations were 
made by Mr. Boggs under his supervision. 
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LAMBERT EQUAL-AREA MERIDIONAL PROJECTION. 

This projection has already been described on page 73 of this publication. It 
has been used successfully for hemispheres, and we find an interesting exnmple in the 
Eastern and Western Hemispheres placed tangent to each other in Comptes Rendus, 
L’Associntion GQodesique Internationale, vol. 111, 191 1. This arrangement of the 
lnnd mnsses of the world probably presents a more graceful appearance than any 
other. 

The Nordisk Varlds Atlas shows a map of the Pacific Ocean where the projec- 
tion is extended to cover 210’ of longitude and serves as an ideal arrangement for 
this particular extensive configuration. 

AZIMUTHAL EQUIDISTANT PROJECTION, 

In  the solution of vnrious problems for determining true distances and nzimuths 
from a given point, the azimuthnl equidistant projection has in reccnt years come 
into prominent use. This type of projection was first employed by Postel in 1581; 
nfterwnrds by Lambert in 1772, who regarded it ns a zenithal projcction; tlhen again 
in 1799 by Antonio Cagnoli, who believed that he had invented it and gave it his 
name. We shnll here adopt the name Azimuthal equidistant projection because the 
straight lines radiating from the center represent great circles in their true nzimuths 
from it, and the distances along these lines are true to scale. The projection is 
neither equal-area nor conformnl. 

No projection can be devised which will give all distances to the correct scale, 
but this projection gives the distances correct from one point, the center of the map; 
and for a limited nren, even one as large ns the United States which hns arc distances 
of 2l0 ,  the mnximum error in distance is much less on this than on many other 
projections, not cxcepting the polyconic. 

The question often nrises as to the degree of success of n given projection and 
the percentage of error of the bearings and distances from a given point. Such a 
question is ofttimes difIicult to nnswer nnd we may find it useful to test each projection 
by finding out how nearly i t  approximates the nzimuthal equidistnnt projection. 

The greatest errors in scale on this projection are found nlong the bounding 
nlmucantar or circle of greatest radial distance. Along this circle distnncc measure- 
ments nre in excess of true distances, and on nll almucnntnrs the scale is incrensingly 
too large as the distance €rom the center increases. 

A map on this projcction is easy to construct when the center is one of the 
poles, since d l  &lint is xequired is to tnlre to the given scale n radius cqual to  tho 
distance dong n meridian from the pole to n given parnllel nnd construct a circle 
with the pole as center, This circle then represents the parallel. 

When the center of the mnp is any other point, the arc distances and the nzi- 
m u t h  from the central point must be computed for the various intersections of the 
mcridians and pnrnllcIs, Coordinrttcs for these in tersoctions can then be computed 
to fncilitate the construction of the projection. This is gencrally done on the suppo- 
silion of the enrt,h as n sphere. The computation for the spheroid is lnhorious and 
would only be warranted in CRSCS where extreme accuracy is sought and when the 
compilation of the map in other respects is done with the utmost care. By con- 
sidering the e:trth as a sphere with a mean rndius, sufficient ttccuracy can genernlly 
be attained. 

The projection is of use for maps from which it is desired to scale accurntely 
the distance and rtzilnuth frorn the central point to nay othcr p o i ~ ~ t ,  and its use in 
aeronautics tlnd for various other purposes is nppnreiit. The chief difficulty lies in 
tho fact that n separate computation nnd ]nap nre rcquirod €or each centrnl city, 
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The computation is simple, however, and when once made for any given city would 
serve for all time for the construction of maps on any desired scale. 

The projection has been employed in celestial maps, in problems of crys tallop tics 
by the Carnegie Geophysical Laboratory, by the National Geographic Society for 
maps of the Arctic Regions, North America, Asia, and A€rica, and by the General 
Electric Co. for a map of the world. 

The accompanying illustration (see fig. 76) shows, in a diagrammatic form, a 
map of the world on this projection with center at  Schenectady, N. Y., and is used 
by permission of tho General Electric Co. This map was prepared for the conven- 
ience of radio engineers of the General Electric Co. in interpreting transmission 
tests. Besides affording an easy means for measuring the distances from the point 
which is represented by the center of the map to any other point on the earth’s 
surface, the map is supplied with a periphery scale so that any bearing from the center 
may be read directly in degrees. The map is valuable also in that it shows the 
nature of the intervening territory in a straight line between Schenectady and any 
other point. This feature is important for the radio engineer inasmuch as the dis- 
tance over which radio signals can be transmitted depends, among other things, on 
the nature of the intervening territory, especially as to whether it is land or water. 

TRUE GREAT CIRCLE DISTANCES FROM TWO POINTS. 

A projection cnn be constructed on which great circle distances from two points 
can be mapped as straight lines true to scale but the azimuths will not be true. 
For example, a doubly equidistant projection based on New York and San Francisco 
can be computed so that the distances of all other cities from these two points will 
be true to scale but the azimuths will not be correct from either of these two points 
to any other point. 

In a similar way true azimuths from two points can be mnintained but the 
distances will not then be true to scale. 

Possibilities of the extensive use of the gyroscopic compass and the employment 
of radio signals in the fixing of positions by wireless directional bearings present 
new problems in the navigation of ships and aircraft. The various uses and tests 
to which nauticaI and aerial charts are subjected inny still further try the patience 
of the mathematical cartographer in devising more suitable systems of projection, 
or in supplying short-cut mathematical or automatic expedients as convenient ad- 
juncts to the Mercator chart. Additional special charts on the gnomonic projection or 
the azimuthal equidistant projection may serve a useful purpose in the solution of the 
various problems of great-circle sailing or in determining true distances and azimuths. 

There is a modern tendency in many places to exploit projections of various 
types, generally known as “balance of error,” or “minimum error” projections, 
projections sacrificing conformality, equal-area, and other useful properties, and for 
which there is no easy geometric accounting. These degenerating types can serve 
no useful purpose other than picture maps, which become untrustworthy in the 
derivation or application of spherical relations. 

The day may come when the preparation of our charts and their use may be 
further simplified by the employment of the centesimal system for the graduation 
of the circumference of the circle, and for the expression of latitudes and longitudes, 
in place of the sexagesimal system of usual practice. In this the French have taketi 
the lead as they did in the introduction of the metric system, the commensurable 
advantages of which are universally recognized. 



THE PARABOLIC EQUAL-AREA PROJECTION FOR A MAP FOR THE WORLD. 

[See Plate IX. J 

In the Geographical Journal for November, 1929, Lieut. Col. J. E. E. Craster 
suggested the possibility of the construction of several equal-area maps that have 
much resemblance to the sinusoidal projection. In all of these the parallels are repre- 
sented by a system of straight lines parallel to the straight-line Equator. Of these 
the one that seems of most interest has the meridians represented by parabolas and, 
hence, it may be called the parabolic equal-area projection. 

METHEMATICAL THEORY. 

Let us take the origin of coordinates at  the vertex of the parabola and let us 

represent the outer meridian by equation y2=- mx. Then if we represent the central 

meridian by the straight line x=2m, the meridian from pole to pole will equal Zm, 
which is half of the whole Equator which will have the length 4m. For simplicity of 
computation we may assign the length 4 to the Equator and 2 to the meridian and 

then the outer meridian will have the equation y2 = - 5. With this simplification one- 

quarter of the area of the sphere to be mapped will be represented by the area between 
the axis of x and the curve from x = 0 to x = 2. 

One-half of the area of the zone between the Equator and any given parallel will 
be represented on the map by the integral 

1 
2 

1 
2 

or 

Jo 
The value of this integral in terms of y is, of course, 

Since, when y is equal to 1, this map area must equal one-fourth of the area of the 
given sphere or rR2, we must have the equality 

Hence 
R = 0.651470. 

Now the area of a zone on the sphere from the Equator to latitude 4 is Imown to be 
Then the half of this zone must be represented by the expression 

Hence the equation for the deterniination of 
equal to 2nR2 sin rp. 
for A in terms of y as derived above. 
the values of y for the various paraalels is given by the solution of the equation 

2 
3 2y - 7 y3 = aR2 sin 4. 

165 
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4 But we have already derived the value of aR2 and found it equal to 3. 
the equation in y becomes 

4 Now it happens that this equation is satisfied by the value y = 2 sin 3. With this sim- 

ple expression for y a table of y values can readily be computed to any desired degree 
of accuracy. This table has been computed for every 5' of latitude to six places of 
decimals and is published at  the end of this section. 

The length of each parallel between the central meridian and the outer meridian + can now be computed from the formula L=2-2y2.  Since, however, y = 2  sin 3, 

we can use the trigonometric table again by introducing this value of y and transform- 
ing the result. 

With this value 

y3-3y+2 sin 4=0.  

L=2(1-4  sin 24  ,), 

24 
3 =2(2 cos - - l ) ,  

= 4  cos - - -2 .  24 
3 

By use of this formula a table for the lengths of the parallels has been computed to 
six places of decimals and is published at the end of this section. 

These parallels are divided proportionately for the intersections of the various 
meridians. If the 10-degree meridians are to be drawn, the space between adjacent 
meridians will be equal to one-eighteenth of the tabular value for the length of the 
given parallel and all of the spacings are equal along any given parallel. This makes 
the projection one that can be constructed very easily, in fact just as easily 8s the 
sinusoidal projection which is noted for its facility of construction. 

As far as we know, no previous use of this projection has been made either by 
Colonel Craster or by anyone else for the actual construction of a map. In his 
article Colonel Craster merely outlined the nature of the projection, together with a 
number of others of similar kind; some abbreviated tables of the y values were given 
that could be used as a basis for the construction of maps, but no table of the lengths 
of the parallels was given for any one of the number. In the actual construction from 
the elements given in his article it would be necessary either to compute a table for 
the lengths of the parallels or to construct the outer meridian irom coordinates com- 
puted from its equation in 2 and y. It would seem, therefore, that this map is the 
first example of the use of this method of projection for mapping purposes. 

Some time ago a representative of the Bureau of Foreign and Domestic Com- 
merce of this department, consulted with Mr. Deetz concerning the need for a suitable 
equal-area projection for  a world map to be used in the work of that bureau. Mr. 
Deetz suggested that such a map, constructed on this projection, might meet their 
needs in a very satisfactory manner. After due consideration it was decided to 
construct a study for such a map with this projection as basis, and Mr. Deetz compiled 
and constructed the map as shown in Plate IX. 

It was decided to construct the map symmetiically in three sections by making 
the central section include an extent of longitude of 160' and the two outer equal 
sections include 120' of longitude each. This gave an excess of longitude of 40' 
with 20' on the east side of the map and 20' on the west side. This is, in fact, an 
advantage as can be seen by consulting the map, for its shows India both in relation 
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to Europe and also in relation to eastern Asia, China, Japan, etc. As the continents 
are placed on the projection, they are all shown with a small amount of distortion. 
North and South America, Africa, and Australia are in the most favorable positions 
but Europe is also fairly we11 represented. Asia suffers most because of the necessary 
division, but the additional 20’ of longitude on the east and the west of the map 
contributes much toward lessening this defect as can easily be seen from the map 
itself. 

This symmetrical tripartite construction makes it possible to place the Americas 
in the central section in such a way as to take advantage of the most favorable part of 
the projection. This is a feature that was very much desired by the Bureau of 
Foreign and Domestic Commerce in connection with their statistical diagrams. Other 
arrangements or other divisions could be made to suit the convenience of the maker or, 
if desired, the whole world could be represented on a continuous undivided projection 
and we believe it would show superiority to most other such extended projections of 
the sphere. 

On the sinusoidal projection the outer meridians intersect a t  a very acute angle at  
the poles, but on the parabolic projection a considerable improvement in this feature 
is noticeable. Allof the meridians, except the central ones, are represented as parabolas 
of which the equations in coordinates could be very easily derived. The parabola is 
a very graceful curve and so the resulting graticule is, on the whole, very pleasing to 
the eye. The perfect symmetry of the whole map can not fail to be appreciated by 
anyone who may find use for such a delineation of the earth’s surface. 

The map is strictly equal area in all of its parts and could be shown to be so by 
mathematical analysis, but we have not attempted to give the analysis in this article. 
Our object has been to give only enough mathematics to lead to the construction of 
the map through the computn.tion of the necessary tables. These tables could be 
used for the construction of a map on any rcquired scale. Colonel Craster gave his 
table of “y”  values to only four places of decimals and a comparison of his table with 
our 6-place table will show that some of his results were uncertain by several units in 
the fourth place of decimals. This could be detected by a careful differencing of his 
table in the above-cited number of the Geographical Journal. 

These differences are not great enough to be detected in a small-scale map but 
they would show in one of larger size. Colonel Craster’s object was merely to suggest 
the possibility of the construction of such a map and he probably did not go into the 
mathematics of the projection with any great care. Our discovery that the value of 

“y” is given by 2 sin - makes it possible to compute the table with great accuracy 
clven to many decimal places. Much credit should be given to Colonel Craster for his 
suggestion of the possibility of computing an equal-area projection of this ldnd that 
may be seen to have so many admirable qualities. 

Equal-area maps are especially valuable for illustrating statistical data, either in 
regard to physicaI features of the countries or in regard to cornmcrcial development. 
The Bureau of Foreign and Domestic Commerce is, of course, interested in the com- 
mercial use of such world maps and, hence, its desire to get one with valuable features 
as a map as well as one having the equal-area property. We believe that this study 
indicates that the desired end has been attained in the use of a map on this parabolic 
equal-area projection. 

A second set of tables is appended that are so modified as to give a resulting map 
that has an area equal to 1 part in 50 000 000 squared of the area of the earth. I n  
figures this means that any section of the map is 1 part, in 2.5 >; 10 of the nrea of the 

9 
3 
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earth's surface that it represents. This exact surface relation may be of special 
interest to some cartographers. A square inch on any part of such a map will repre- 
sent 622 744 square miles of the surface of the earth. The h e a r  scale, however, will 
obviously be variant but along the Equator it may be expressed as 1 : 51 225 000. 
If the values in this table are divided by 2 throughout, they will give a map having an 
area scale ratio of 1 part in or 10 with 15 additiona1 ciphers after it. 

DISTANCE OF PARALLELS FROM EQUATOR. 

Degrees 
o----  .................................. 
5 ...................................... 

10 ...................................... 
15 ...................................... 
20 ...................................... 
25.. .................................... 
a0 ...................................... 
35- ..................................... 
40 ..................................... 
45. ..................................... 

Latitude 

em. Deoreea cm. 
0 0 5% ..................................... 0.573006 11.21007 
0.068109 1.13772 55-. .................................... 0.020090 12.30427 
O.llG200 2.27460 GO-.. ................................... 0.G84040 13.37903 
0.174311 3.40832 65 ...................................... 0,738412 14.44248 
0.232180 4.64129 70 ...................................... 0.792100 15.49373 

0.289884 5.60940 75 ...................................... 0.845237 10.53186 
0.347290 0.78271 80 ...................................... 0.8976V8 17.65597 

0.461232 9.02116 W ...................................... 1.000WO 10.55884 
0.517038 10.1244O 

0.404436 7.01028 85.- .................................... 0.949201 18.60627 

Direct Far area 1 I %';;:off 11 

Degrees 
0 .  ..................................... 
5 ...................................... 

IO. ..................................... 
16. ..................................... 
20 ...................................... 

25- ..................................... 
30.-. ................................... 
35. ..................................... 
40. ..................................... 
45 ...................................... 
-- 

Latitude 

1.831958 
1.768770 
1.072804 
1.674630 
1.404102 

em. 
39.117137 
38.98532 
38.68868 
37.82910 
37.00884 

LENGTH OF PARALLELS FROM CENTRAL MERIDIAN T O  OUTER MERIDIAN. 

-- 
Direct Far area Direct Far area 

camputn- scale 1 in 1 tian 1 2.5X1O10 
Latitude compute- scale 1 in Latitude 1 t h  I 2.6XlCla 11 

Degrees 
M)... ................................... 1.341951 
55.. ..................................... 1.208483 
OO... ................................... 1.004178 
G5. ..................................... 0. Qo94Y4 
70- ..................................... 0.744000 

36.83086 
34.30049 
32.71927 
30.79697 m. 03013 

75- ..................................... 0.671160 
80 ...................................... 0.388034 
85 ...................................... 0.198030 
go.-. ................................... 0 

em. 
26.24700 
23.03872 
20.81408 
17.78804 
14.57007 

11.17103 
7.00123 
3.87336 
0 

A new and more complete table for the construction of a parabolic equal-area 
projection is given on page 191. 



R&SUM$ 

meeting a frequent demand for a brief outline on the subject 
of map projections in general use, it is thought that a r6sum6 of those systems which 
are of special interest in problems of the present day niay serve n useful purpose. 

While the stateinents made here liave been taken largely from the preceding 
chapters of this book and are repetitions to a certain extent, it is intendcd to bring 
out more clearly the special uses and comparisons of tlie several systems and to note 
the more recent observations and studies. 

Under the subject, “Thoughts on Map Construction” by Francis Bacon, we 
find thb following pcrtincnt passage: ‘2411 depends on keeping the cyc steadily h e d  
upon the facts of nature, and so receiving their images simply as they arc; for God 
forbid thnt we should give out a dream of our own imagination for a pattern of the 
world. ” 

As a spheroidal surface can not be spretid out upon a plane without distortion, 
m y  representation of an extensive part of the earth’s surface must necessarily involve 
a certain arnouii t of approxiniation or compensation systematically accomplished, 
or it must be restricted to the desired special property that will meet a problem under 
consideration. A globe is, of course, the only possible method of truly representing 
the earth’s surface, and on it the problems of the geographer and navigator are easily 
visualized. Directions, distances, forms, and areas which comprise its elements are 
correct, and its scale is constant. Nevertheless in niany instances it is impracticable. 
By use of tho developable surface of a cone or cylinder as an intermediate step in the 
construction of a projection, and with the use of mathematical analysis it is possible 
to  dcsign a ninp which is accurate in respect to  certain properties. It is this con- 
sideration that becomes the purpose of the following review. 

A map projection is an orderly arrangernent of the two sets of lines or curves 
that constitute tlic framework of a map, one set to represent parallels and the other 
set to represent meridians. By ineans of these two sets of basic lines, places on the 
earth’s surface can he located by latitude and longitude, that is, they can be assigned 
a definite posibion corresponding to the network of parallels and meridians that are 
conceived as covering tlio surface of the earth. This orderly arrangement or sequence 
may come from direct geometric projection or it may be expressed in mathenlatical 
terms. Of course, n11 projections can he stated in mathematical telms, but sonietimes 
a projection is more in evidence when considered as (I truc geometric projection or 
development. It is rather unfortunate that all possiblo schemes are called projec- 
tions, for in some cases it is rather difficult to interpret them in the way of geometric 
proj ections. 

The errors which arise in maps are those of distortion which implies deviation 
from right shape in tho meridians and parallels, involving curvature in these reference 
lines; deformation of angles ; changes of scale and errors of distances, errors of bearings, 
and errors of area. 

Fkom experience 

PROPERTIES OF PROJECTIONS. 

The principal properties that govern an orderly arrangement of meridians and 

1. The correct angles between meridians and parallels, and true shape for re- 
parallels, and which we aim to obtain a t  the expense of other properties are: 

stricted areas as found in the conformal projections. 
169 
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2. Equivalence of area as represented in the equal-area projections. If we take 
a coin, a paper weight, or, if you like, a small irregular piece of cardboard and place 
it on an equal-area projection, the same piece of paper in any orientation whatever 
on any other part of the map will cover the same amount of area of the country 
represented. 

Other potential properties of projections are: 
1. The representation of the rhumb line as a straight line, as in the Mercator 

projection. 
2. The representation of the great circle as a straight line as in tlie gnomonic 

projection. 
3. The representation of true azimuths and distances from a given point as in 

the azimuthal equidistant projection. 
On page 51 there is shown an ideal head plotted into a globular projection. By 

plotting the outline of this head into the corresponding graticules of an orthographic, 
stereographic, and Mercator system, the properties of the globular projection are 
shown in a distorted picture in these other three systems. This does not imply that 
the globular projection has any intrinsic value (in fact it has not), being nothing more 
than a geometrical design easily constructed. The normal head for the Mercator 
might as well have been used as a base a t  the expense of the others. The dia- 
gram merely illustrates how it is impossible to hold more than one or two desirable 
properties in a given projection. 

The selection of a projection is, therefore, the first important step in tlie compilation 
of any map or chart, as the value of the product to the particular purpose it is designed 
to serve, depends largely on the projection upon which the chart is constructed. 

HISTORICAL NOTE. 

AS several projections date back to antiquity, we should at  least mention Hip- 
parchus (ca. 13. C. 160-125). Mathematical cartography is indebted largely to him. 
He was the founder of scientific astronomy, and he applied astronomic methods to 
mark the position of places upon the earth’s surface. He is recorded as having 
invented trigonometry and as having devised the stereographic and orthographic 
projections for maps. In mathematical cartography he has, therefore, a direct 
appeal as being one of the landmarks of the science arid the one person who gave us 
the first solution for the development of the earth’s surface upon a plane. 

THE MERCATOR PROJECTION. 

Gerhard Kriimer, better known by his Latin surname Mercator, was born in 
Flanders in 1512, and was a graduate of the University of Louvain. With an excep- 
tional talent he devoted his life to the betterment of maps, improving and formulating 
new devices in their mathematical framework. The first lcnown rnap bearing his 
name is a map of the world in 1538 on an equal-area projection. 

Another map in 1569 on the projection which is named for him, appeared as an 
original creation and made him famous, transmitting his name to all time. It was 
the first projection with straight, equidistant and parallel meridians on which the 
latitude increases proportionally with the longitude. For nautical purposes this 
system of projection is now universally employed and will probably be so as long as 
ships follow the loxodrome, i. e. ,  base their courses on rhumb lines. It may be stated 
that Mercator’s nautical chart stands alone in map history, isolated from his many 
other works as a viole,nt departure and improvement over methods existing before 
his time. In  contemporary judgment he was styled as, “In cosmographia longe 
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primus,,, which translated means: In cosmography by far the first. He was the 
chief of his generation in putting in order the accumulating stores of geographic 
knowledge. The annual issue of Mercator nautical charts a t  the present day through- 
out the world is several million copies, three organizations alone contributing over a 
million and a third, not including the immense issue of pilot charts, communication 
charts, etc. 

I t  has frequently been stated in treatises on geography and elsewhere that the 
Mercator projection is a projection upon a cylinder tangent a t  the equator. This 
has caused many to  think of it as a perspective or geometric projection upon the cylin- 
der with all the projecting lines radiating from the center of the sphere. They do 
not. In  the Mercator projection of the sphere the scale increases as the secant of 
the latitude; in the cylindrical perspective projection it increases as the square 
of the secant of the latitude. The distance of any point of the map in the latter 
projection is given by s=a tan 4 ;  hence by the calculus, 

In the Mercator the lengths of all arcs of the parallels are kept equal and the 
same a s  on the equator; hence the scale along the parallels is sec 4 of the respective 
parallels; and since the scale is constant a t  a point, the scale along the meridian at  
the point is also equal to the secant of tlie latitude of tlie point, and not sec2 4 as in 
the porspectivc projection. 

It is thus misleading to speak of the tangent cylinder in connection with the 
Mercator projection, and it is better to discard all mention of its relation to a cylinder 
and to view it entirely as a conformal projection upon a plane. It is derived 
by mathematical analysis. The distances of the various parallels depend upon an 
integral, and the required values are not obtained by any simple forniula. 

MERITS AND OTHER OBSERVATIONS ON THE MERCATOR PROJECTION. 

The loxodrome or rhumb is a line that crosses the successi~-e meridinns at  a con- 
stant angle. A ship “sailing a rhumb” is, therefore, on one course continually follow- 
ing the rhumb line and will, theoretically a t  least, pt~ss all points along that line 
cxactly as they are charted. The only projection on which such a line is represented 
as a straight line is the Mercator. On other projections a navigator, assuming a 
straight line as his course, will not track the line bccause he is consciously or uncon- 
sciously sailing a rhumb. 

The simplicity of the projection commends itself-north and south are up and 
down, and a course can be laid off from starting point or from any iiieridian along the 
line, or even from the right or left border except in oblique charts. 

Positions are more readily plotted because the grids tire rcctrmgular, and a 
straightedge can be placed across the chart between corresponding border divisions. 
This can not be done with any other projection in common use. The border scnles 
of the Mercator cliart can be subdivided as niinritely as desirable, leaving the chart 
free from further subdivisions wliich are frequently neccssury WhCJY? one or both 
systems of reference lines are curved. 

One of the main differences between the Mercator system and that of the poly- 
conic or other conic projections consists in laying ofl’ courses. In  the former system 
i t  is customary to base the course upon the meridian of origin; in the other systems, a 
true course angle is measured with the meridian nearest half-way along the coI1rse. 
The two methods are equally good, but they do not begin the sa1110 way. 
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The Mercator projection is not intended for geographic studies but as a convenient 
working base for the navigator to determine his courses. For navigational purposes, 
particularly ocean navigation as contrasted with coastwise navigation, it has stood 
the test and acquired the momentum of success. 

In  addition to its value for nautical charts, i t  is useful for showing continuous 
commercial routes around the world, for communication charts, and for pilot charts 
supplying information as to winds and currents. For the last mentioned purpose 
especially, it is important that the cardinal directions, north and south, east and west, 
always point the same way respectively, and remain parallel to their corresponding 
borders of the chart. Charts with cardinal directions running every way are unde- 
sirable, and it can a t  least be said, even for geograpliic purposes, that the Mercator 
projection is free from discontinuities and bre,ach of orderly arrangement as seen in 
the framework of some world maps. 

There is one important feature in particular, however, in which the projection 
does not respond directly, and that is in the plotting of radio bearings to or from a 
distant point. As the path of radio signals is a great circle, it  becomes necessasy to 
convert true bearings to mercatoria1 bearings. This must be accomplished by the 
use of conversion tables such as are given in our Coast Pilots. 

The Mercator projection with scale continually increasing, when extended be- 
yond 60°, or even 40°, latitude shows distances and areas seriously exaggerated and 
critics invariably cite Greenland and Alaska. The remark has been made that it 
places “Alaska too far north.” This observation after all is not so far-fetched when 
we consider that at  latitude 60°, the scale of the projection is increased 100 per cent, 
and the corresponding areas and distances proportionally increased. 

For ordinary geographic purposes, however, the Mercator nautical projection 
has no value and was not intended to be used as such by the inventor. In the map- 
ping of political divisions and continents, he held to equal-area representation of his 
own or his contemporaries. 

Let none dare to  attribute the shame 
Of miause of projections to  Mercntor’s name; 
But smother quite, arid let infamy light 

Upon those who do misuse, 
Publish or recite. 

It is interesting to note that the word “atlas” as used to-day was borrowed from 

The most recent and best tables for the construction of a Mercator projection 
the Greek mythology and introduced by Mercator as a geographic tcrxn. 

are issued by the International Hydrographic Bureau a t  Monaco, 1928. 

THE GNOMONIC PROJECTION. 

In  this projection the eye of the spectator is supposed to be situated a t  the center 
of the terrestrial sphere, whence, being in the plane of every great circle, it  will see 
these circles projected as straight lines upon a plane tangent a t  a selected ccntral point. 
It follows then that a straight line between any two points on a gnomonic chart repre- 
sents the track line or shortest route on the earth’s surface between them. 

The projection is used chiefly as an adjunct to the Mercator system to which 
the finally selected route can be transferred by corresponding graticules of latitude arid 
longitude. The great circle thus transferred becomes a curved line on the Mercator 
projection, where it may be resolved into convenient sailing chords so that the port 
bound for may be reached by the shortest practicable route. 
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Between a great circle and a rhumb line, the actual difference in distance is fre- 
quently immaterial, being but one-fourth mile in 500 statute miles along parallel 40' 
and diminishing to zero along the meridian. For greater lengths the difference 
increases very rapidly. 

The gnomonic projection requires a considerable amount of computation, is diffi- 
cult to construct, and the scale of distances is complicated. I ts  chief fault is that 
localities near the boundary of the map become greatly distorted in distances, areas, 
and shapes. This is because near 90' from the center of the map the projecting line 
approaches parallelism to the plane of projection and its intersection recedes to infinity. 
The area which can be mapped on this projection is less than a hemisphere. 

A gnomonic chart will serve as a general control map for m m y  purposes and for 
office use especially. It is useful in the study of air routes and in the ready solution 
of problems involving the definite location of the minimum line between two points 
on the earth's surface. In  other projections the localities through which a great circle 
passes are a matter of approximation or conjecture. At the present time, excepting 
€or a small number of harbor charts by the British Admiralty, i t  has hardly been 
more than an auxiliary to the Mercator chart. 

However, the laying down of a true azimuth from a given radio station is another 
problem. On account of angular distortion in a gnomonic projection, a specially com- 
puted compass rose at  any'given station (except a t  the point of tangency) is necessary 
in order to obtain a true bearing from the station. The problem may be simplified 
either by including on the chart, compass roses computed for important stations or 
by supplying €or the stations on any particular chart the gnomonic azimuth tables 
such as are given in Special Publication No. 75, U. S. Coast and Geodetic Survey. 

A base map of the United States on a gnomonic projection is now being con- 
structed by the U. s. Coast and Geodetic Survey. The point of tangency is placed 
a t  latitude 40' and the center of longitude a t  96'. On this projection, the meridians 
being great circles, are represented by straight lines. The parallels are conic sections 
being ellipses above latitude 50' and hyperbolas below latitude 50°, the conic section 
changing from ellipse to hyperbola by passing through the parabola a t  latitude 50'. 

THE POLYCONIC PROJECTION. 

The polyconic projection possesses great popularity on accomt of mcchanicaI 
ease of construction and the fact that a general table for its use has been calculated. 

In this system the reference lines, excepting the equator and central meridian, are 
curved, the parallels being nonconcentric circles. The central meridian is truly spaced 
nnd the even divisions of the parallels are true to scale. The lengths of the arcs of 
latitude increase as we recede from the central meridian, but in the United States, 
for a longitudinal extent within 560 statute miles on either side of a central meridian, 
the error in scale and areas does not exceed 1 per cent. In  latitude, the projection can 
be carried as far as may be desired. The use of the projection for extensive areas 
should thus be restricted to maps of wide lnt,itudes nnd narrow longitudes. 

Witliin the limits described the projection attains an accuracy that meets all 
general purposes by reason of compromising various conditions impossible to be reprc- 
sented on any one map or chart, and is sufficiently close to other types possessing 
special properties to determine its choice in many inst<ances. 

Due to the curvature of its outer meridians, adjoining maps constructed ori their 
own central meridians, will present curvature in opposite directions, enst and west, 
thus interfering with a neat junction when the projection is carried too €ar. 
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For a map of the United States with its wide longitudinal extent, the Albers and 
Lambert conformal projections are better suited, either of them offering certain addi- 
tional or special properties of their own which are only approxiniated in the polyconic 
projection. 

The errors of the polyconic projection increase approximately as the square of 
the distance from the central meridian. We observe that this increase amounts to as 
much as 500 per cent in the outer meridian of a map of the world. 

THE TRANSVERSE POLYCONIC PROJECTION. 

The polyconic projection can be transversed in a way to meet a configuration of 
predominating east-and-west dimension. A great circle a t  right angles to a central 
meridian a t  the middle part of the map can be made to play the part of the central 
meridian in the ordinary polyconic projection, the poles being transferred (in con- 
struction only) to the equator. 

On other 
maps and charts, this important section of the North Pacific Ocean can not readily 
be visualized on account of excessive scale variations. The map is not intended for 
navigational purposes but is of great interest from a geographic viewpoint as exhibiting 
in their true relations, important localities- covering a wide expanse. Pigure 77, 
showing the North Pacific region on both the Mercator and transverse polyconic 
projections, explains the reason for the remark, “The Mercator projection puts Alaska 
too far north.” 

Plate I1 features an area adapted to this transverse arrangement. 

THE LAMBERT CONFORMAL CONIC PROJECTION AND THE ALBERS EQUAL-AREA 
PROJECTION. 

These two projections are somewhat similar in appearance but different in their 
properties. Points in common are: Both are conic projections and both have two 
standard parallels of true scale; the projections being conic, their meridians are 
straight lines converging in the direction of the pole, and the parallels are concentric 
circles intersecting the meridians at  right angles. On the selected parallels, arcs 
of longitude are represented in their true lengths, or to  exact scale. 

Their differences are: In  the former projection the intervals of the parallels 
depend upon the condition of conforrnality; in the latter they depend upon the 
condition of equal-area. 

Definition of conformality: If at any point the scale along the meridian and the 
parallel is the same (not necessarily correct, but the same in both directions) and the 
meridians and parallels are at right angles to  one another, then the shapes of all 
elementary figures on the mnp are the same as their corresponding arcas upon the 
earth. 

In  the Lambert projection the scale is tob small between the standard parallels 
and too large beyond them; in the Albers projection thc meridional scale between the 
standard parallels is too large and the scale along the pnrallels correspondingly too 
small, the reverse condition existing beyond the standard parallels. 

The Lambert projection was used in Prance €or military maps during the World 
War. Our map No. 3070 (see Plate I, reduced scalc), North Atlantic Ocean with 
Eastern North America and Europe, is constructed on this projection, having been 
prepared for the Army War College and also used by the Shipping Board during tho 
World War. 



FIG. 77 -- THE NORTH PACIFIC REGIONS ON THE MERCATOR AND THE TRANSVERSE POLYCONIC PROJECTIONS 

The rapidly increasing scale of the Mercator projection, amounting to 100 per cent in latitude 
60' apparently "puts Alaska too far north." In contrast the transverse polyconic projection shows 
geographical features more nearly in their true relative positions, sizes and shapes. 
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Former maps and charts of this area showed excessive variations in scale. On a 
polyconic projection for the same limits, the maximum scale error would be 100 per 
cent; on a Mercator projection the scale variations would be about 180 per cent. On 
our Lambert map, the scale shows a maximum increase of only 11 per cent, and that 
occurs in latitude 70°, an unimportant part of the map. The great central portion of 
the map, from latitude 30' to latitude 60' shows scale varying from zero to 2 per 
cent only. 

MERITS OF THE LAMBERT PROJECTION. 

In  a map of the United States with standard parallels a t  33' and 45O the greatest 
change of scale is but 2% per cent. As employed by the U. S. Geological Survey for 
State maps, 1 ; 500,000, the projection is ideal and should meet engineering, military, 
and geographic requirements. It is also employed in the construction of aeronauticnl 
maps by the Coast and Geodetic Survey for the Aeronautics Branch of the Depart- 
ment of Commerce. 

The graphic scale of any State map constructed from the general tables of the 
United States, shouId be based upon the local or middle latitude scale as given for 
different latitudes. This operation will assist in bringing the excess or reduced scale 
of any State still closer to true scale. 

For the measurement of distances in all directions within the United States, the 
Imnbert projection is superior to any other excepting possibly tho Albers projection. 
However, by use of a scale factor (ordinarily not necessary), the Lambert projection 
provides for exact scale; and if exact scale is not obtained, the reasons for i t  are due 
to errors of conipilation,method of printing, shrinkage or expansion of paper in opposite 
direcbions. 

In errors of azimuth as compared with the polyconic, Lnmhert zenithnl, and 
Albers, it is superior to the others here mentioned. To obtain an azimuth on a 
Mercator projection requires a special computation or the use of ttAles. 

We find in projections like the polyconic, the Bonno, and the Mercntor tliiLt, after 
proceeding about 25 degrees from ono o€ the nscs, the scale orrors or scnle variations 
become so increasingly greater t'hat these projections totter and can no longer be uti- 
lized for geographic purposes. The Mercator projection is at its best from, say, 15' 
north latitude to 1 5 O  south latitude, and for the rhumb line property alone, it may be 
carried to higher latitudes. The United States is, then, beyond the zone of usefulness 
of the Mercator projection except €or the property of the rhumb line, but the rhnmb 
is retained a t  the expense of the great circle, directions, and scale. 

For a line from New York to San Francisco, we find tho great circle passing 
througli its extremities has departed from the rhumb 181 miles. Higher up, before 
reaching the forty-ninth parallel, the difference in a 2,700-mile line is 240 miles. It is 
evident, in these higher latitudes especially, that thc Mercator chart mny require 
an auxiliary chart or special computations for meridional crossings of tho grcnt circle. 
I n  many instances it may necessitate the conversion of true bearings to mcrcn torid 
bearings. 

If radio signals following tho grotit circle can be utilized on the Lambert projec- 
tion, it might seem that the Lambert projection and the gnomonic projection are 
identical. They are not identical, but numerous tests show that on the Lalnbert 
projection of the United States, by reason of conditions imIiosed by its standard 
parallels of true scale, II straight line may follow the great circle closely, it may cross 
it and recross it, never receding from it excessively. 
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DISTANCE COMPARISONS, N E W  YORK TO SAN FRANCISCO 

[New York (1st. 40" 45', long. 73O 69'); Ssn Francisco (lat. 37' 47', long. 122' 2671 
Statuto miles 

True distance 36 New York to San Francisco, by long distance formula _ _ _ _ _ _ _ _ _ _ _ _ - _ - L - _  2,572. 3 
Approximate distance obtained from C. & G. Survey Chart No. 3060 (Lambert projec- 

tion), applying scale factors ________________________________________- - - - - - - - - - - -  2,574.0 
Rhumb line (or straight line on Mercator chart), computed _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,609. 3 
The rhumb line is longer than the true distance _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  37. 0 
Distance of straight line (New York to Ban Francisco) below the great circle on the Lam- 

bert projection at a central meridian is only _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  9. 5 
Distance of rhumb line below the great circle on the Mercator projection (also the actual 

distance between them on the earth), at a central meridian, is _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  181. 0 

If a straight line be drawn on a Mercator chart and a plane sets a course to  follow 
that line, assuming no leeway, it will pass over the features through whose charted 
positions the line passes, providing that corrections are continually made for ever- 
changing magnetic variation. However, the following data, taken from a Lambert 
projection covering latitude 47' to 49') show the small amount that a plane would 
depart from charted features under similar conditions. This particular chart was 
cliosen as showing the most unfavorable conditions in both the Lambert and Mercator 
projections: 
In 100 statute miles (Lambert projection) the departure is only y3 mile. 
In  200 statute miles (Lambert projection) the departure is only 1% miles. 

As the plane sailing the rhumb line would theoretically pass directly over the 
charted features, the above comparison favors the Mercator projection by the small 
amounts indicated. In practice, however, wlien a mean magnetic course is applied, 
the plane will no longer track a straight line even on the Mercator chart, the departure 
a t  the middle of a 280-mile course, in an east-and-west direction in lat. 48O, being as 
much as 3.7 miles. This departure is unrelated to the projection used, being due 
entirely to the practice of flying a mean magnetic course. Conditions of this order 
exist also along the New York-Pennsylvania boundary and westward for a consider- 
able extent. 

On the other hand, in a radio range, assuming n line 200 miles long, in the same 
1OcaIity and direction, the Lambert projection straight line depnsts from the great 
circle one-third statute mile-an error quite negligible. In  contrast, on the Mercator 
projection, unless the conversion from true to mercatoria1 bearing is applied, the error 
is 5.6 miles. At 300 miles this becomes 12.6 miles, and a t  much greater distances, 
unless conversions are applied, these errors of the Mercator become excessive. 

The use of conversion tables is thus necessary at  times to  determine the plus or 
minus corrections to directional bearings on the Mercator chart, and the utility of the 
latter projection is lessened comparatively by the sell-contained safety properties 
embodied in the Lambert projection. 

All indications point to an increase in use of radio ranges to guide planes. Wliilc in 
general, up to this time, the distances used have been short, there have been cases, as 
in that o€ the Norge in its flight across the North Pole, where radio bearings have been 
taken to stations hundreds of miles distant. 

A rcport from the North German Lloyd steamship Bremen indicates the great 
distances over which radiobeacons are sometimes heard under unusual conditions. 

~ 

38 The anal test of measured distances from any map or chart depends upon the system of projection, the accuracy of compilation, 
method of printing, etc. I t  may be advisable in many instances where longerdistanres are involved not to use the map or chnrt, nor 
even the solution from a spherical triangle. For ewnple,  the distance from New York to Ran Francisco by solving tho spherical 
triangle, usinE sphere oquivdent in area to spheroid, is 2,5W statute miles-or 0 miles less than the actual distance. For the computa- 
tion of long distances, see sI)Wid Publication NO. 138, PP. 207-208. Still greater reflnement may be obtained by use of formulas 
in Special Publication No. 103. 
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The Bremen when in latitude 42’ 28’ and longitude 58’ ll’, on December 10, took 
several bearings on the Colon (Canal Zone) radiobeacon, at a distance of 2,289 miles, 
The minimum was sharp and the bearing varied not more than one-half degree from 
the great-circle course from the ship’s position. 

In  connection with nautical charts, Admiral Tonta, of the International Hydro- 
graphic Bureau, Monaco, says: “ We are convinced that in very many circumstances, 
the Lambert projection can, with a.ppreciable advantage, replace Mercator’s projec- 
tion as a basis for nautical charts.” 

THE LAMBERT OR THE MERCATOR FOR AERONAUTICAL MAPS. 

The question arises in aerial maps whether we prefer a projection like tlie Mer- 
cator which lins a certain special property and conveniences and which will permit, if 
necessary, the incorporation of navigational fundamentals from an auxiliary chart, 
the gnomonic; and, furthermore, which will follow the style set by nautical charts; 
or, whether we prefer a projection like the Lambert which, besides its own properties, 
is not too remote in other requirements, but is sufficiently accurate to be used directly 
for the receipt of radio signals emanating from long distances; a projection which 
structurally provides for the best pattern of the United States that can possibly be 
attained, and therefore well adapted for pilotage; a projcct,ion which will facilitate 
the accurate and immediate solution of problems of distance and direction, and in this 
respect far superior to the Mercator; a projection with minimum scale variations 
(the Mercator having an increment of 40 per cent in tlie United States at  its northern 
border, necessitating adjustments to tliese increments when making compilations) ; 
a projection which, in addition, will serve for engineering, tactical or other wider uses. 

Considering the predominating east-and-west extent of the United States-a 
ratio of about 9:5 compared with its meridional extent, the adaptability of the Lam- 
bert system to one complete map of the country and its configuration, is almost 
exceptional, the greatest scale variation being buC 2j4 per cent, while tlie wide central 
section between latitude 30):’ and 47)/2” is favored with a scale variation within 
one-half of 1 per cent. Direction and distances, the fundamentals of navigation, 
must be accurate beyond question, for together they give position, while accurate 
shape and uniform scale facilitate identitication. 

The better facilities a t  this day for determining location arid direction, as 
furnished by rndiobeacons, lights, prominent objects, terrain, etc., bring aerial 
navigational methods in the United Stntcs more and more into the plane of pilotage 
than they ase over the open oceans where landmmks are seldom available and the 
problem is largely one of celestial navigation. The Lambcrt’s chief point of superi- 
ority lies in its peculiar suitability to all radio navigational methods-a consideration 
of primary importance since it is evident that radio navigation is destined to assume 
a dominating place. 

Aeronautical maps witliin the United States present a problem distinctly of their 
own. For tliese maps, the sulEciently close approximation to the great circle as 
supplied by the Lambert projection, together with pilotage, outweigh the rhumb 
line. It may be well to remember that the Lambert projection is based upon two 
standard parallels of true scale within our own domain. It is not based upon a distant 
equatorial line causing increasing scale variations, etc., as previously stated. 

In  this summation we hrLve endeavored to present the salient features of the 
Mcrcator and Lambert projections, and in this final analysis, the object has been 
to show in a few sentences the chnngcd conditions from thc days of the Portolan 
charts to the day of the Lambert pr,ojection, conditions as new as the airplane itself. 

6 i167’-’J 1-12 
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It is desirable to add as a further observation that, for isolated or restricted 
maps not part of a general scheme, the polyconic projection which is easily constructed, 
will meet ordinary requirements. Being sufficiently close to other useful types, its 
tabular advantages may determine its choice within certain limits. 

MATHEMATICAL RELATION BETWEEN THE LAMBERT, THE STEREOGRAPHIC, 
AND MERCATOR PROJECTIONS. 

These three projections are conformal projections, and the last two niny be 
considered as special cases of the Lambert. When the tangent cone of the Lambert 
projection becomes a tangent plane a t  the pole, we have a projection of the spheroid 
that merges into the stereographic projection; and when the parallel of tangency 
approaches the equator, the Lambert projection of the spheroid merges into the 
Mercator projection. A more complete discussion of the relation between these 
three projections is given on pages 32-35, Special Publication No. 53, U. S. Coast 
and Geodetic Survey. 

MERITS OF THE ALBERS EQUAL-AREA PROJECTION. 

I n  the wall map of the United States constructed by the U. S. Geological Survey 
on the Albers projection, scale 1:2,500,000 with standard parallels at  29' 30' arid 
4 5 O  30', the greatest scale error is but 1% per cent. It niny be noted that the former 
wall map of the United States on the polyconic projection had a maximum scale 
error of 7 per cent. 

It is in keeping with the practice followed by the best European atlases that 
political divisions, continents, and hemispheres should be based upon equal-area 
representation, a property which best meets the problems of geography. Where 
the area scale is constant, direct comparisons for area and distribution become 
available. 

If the Lambert projection as  used for States were extended to a general map of 
the United States, the scale variation,would indicate nn excess in areas of as much as 
5 per cent along the southern border. If the Albers projection were used for the sepa- 
rate States, a better area representation would have been obtained but a t  the expense 
of conformality which is a desirable property in engineering projects. We must 
remember that in conformal maps, conditions at  tiny point on the map are better 
than in equal-area maps in which the scale, when 1 per cent too large in one direction, 
is 1 per cent too small in the direction approximately at  right angles to i t ;  so that 
a t  any point, or from any point, conformality better meets engineering requirements. 
In  units of the size of States these requirements have certain rights and the Lambert 
projection serves them better. In the larger general map of the United States 
1 :2,500,000, the requirements are mostly those of geography, in which mixiirriurn 
scale error and equal-area representation govern. 

The Albers projection with its two standard parallels of true scale has, in nddi- 
tion, a t  every point on the map two intersecting lines or curves of true length scale, 
equally inclined to the meridian and approximately at right angles to each other. 
These curves of true scale are termed isoperirnetric curves running at  oblique direc- 
tions through the map. It is believed that these curves are suficiently flat to 
indicate directions of true scale in such n, way that straight lines whicli lie npproxi- 
mately northeasterly or northwesterly, or their opposites, along the path of these 
curves are practically true to scale. As far as we know, no diagrammatic study has 
been made of this interesting feature. Besides its special equal-area property, 
there is in the Albers projection a liberality of true scale not to be found in other 
systems. 
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I n  a comparison of maps of the United States on a Lambert Conformal projec- 
tion, scale 1:5,000,000, dimensions 25 by 39 inches and an Albers projection, if con- 
structed to the same scale and limits, the difference a t  the corners of the two maps 
amounts to one-seventh inch only. This and other similarities indicate that the 
Lambert projection for the United States is nearly an equal-area projection, and 
that the Albers projection which is an equal-area projection is nearly conformal. 

THE AZIMUTHAL EQUIDISTANT PROJECTION. 

This projection takes its name from the fact that straight lines radiating from the 
center of the map represent great circles in their true azimuths from it, and the distances 
along these lines are true to scale. The projection is neither equal-area nor conformal, 
and further description is given on pages 163-164. In  addition to its use as noted 
on t,he foregoing pages, two charts have been issued on this projection by the IIydro- 
graphic Office, U. S. N., one of these with the center a t  Washington and another 
with its center a t  San Francisco. Any important city can well afford to have a 
map constructed on this projection for general use. 

It is doubtful, however, whether for geographic purposes this projection should 
be used for continents, as its centcr in most instances woulcl be a point of no cnrto- 
graphic interest, and the true scaling properties from such a point would be obtained 
a t  the expense of greater scale errors in other parts of the map. The Lambert 
azimu thal equal-area is, for geographic purposes, more desirable in having besides 
its special property a lesser masirnuin scale error than the equidistant projection, 

ERRORS OF DISTANCE MEASUREMENTS. 

The question frequently arises as to the best projection for scaling distances 
between any two points within the United States. The following study is based 
solely on the system of projection and shows to sonic extent the errors duo to scale 
variations in the several projections that arc in use at  the present da-y. In this 
analysis no account is taken of paper distortion, process errors in reproduction, or 
errors due to an assumed position of a city center. 

It has already been stated in this publication that it is impossible to scale true 
distances from more than one or two points. The azimuthal equidistnnt projection 
has been employed for such purposes when one point only has been considered. A 
two-point projection is also possible but apparently no map of this kind has ever 
been constructed. As for the thousands of points or places within the United States, 
only an approximation in distances can be obtained; and each projection has its 
merits and defects according to the relative goographic position of the points involved. 
Resultnnt errors are occasionally so great as to mnke long distance errors inridmissible 
unless corrections are applied. 

THE POLYCONIC PBOJECTION. 

Due to the increasing divergence in its parallels, nionsured meridional distances 
dong the enstorn and westorn coasts of tlic United States may be too great by as much 
8s 7 per cent, Along a line from Sari Francisco to Seattle tllc scaling error duo to 
projection alone is rbbout 4>( per cent and the measured distance between these two 
cities is 29 miles greater than the true distance, Even at  New York thorc is a 
niendional excess error of 4% per cent. I n  the coastal belts the errors are inadniis- 
sible. However, directions that are closely east-and-west in tho United States pro- 
vide distances within reasonable accuracy and are generally better than those 
obtained from either the Lambert qr the Albers projection. 
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Errors in the meridional scale may be very closely expressed in percentage by 
the formula: E= + (lo - i!; ')2, in which I" =distance of point from central meridian 

expressed in degrees of longitude, and 4 = latitude. 
By the use of the above formula, long meridional or diagonal distances may be 

corrected or approximated on the polyconic projection. 

T H E  LAMBERT CONFORMAL CONIC PROJECTION WITH TWO STANDARD PARALLELS. 

By reason of the adaptability of this projection to the configuration of the 
United States, and the use of two standard parallels of true scale, the errors in general 
scaling properties are minimized. However, due to the placement of the standard 
parallels a t  33" and 4 6 O  in the map of the United States referred to, a line from 
New York to San Francisco, midway between the standards, indicates a shortage 
in measured distance of 12 miles due to the projection alone. A line from eastern- 
most Maine to Cape Flattery, Wash., is too long by as much as 28 miles. Meridional 
measurements, except those including southern Florida and southern Texas, generally 
do not indicate serious errors. 

The use of the table of relative scale factors along the parallels as given in the 
following table, will provide a correction to measured distances where greater precision 
is desired. It should be observed, however, that the values given in the table should 
be used as a divisor in order to obtain the corrected measurcrnents. 

~ 
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RELATIVE SCALE FACTORS ALONG T H E  PARALLELS FOR T H E  LAMBERT CONFORMAL 
CONIC PROJECTION FOR A MAP O F  T H E  U N I T E D  STATES.  
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The scale of this projection reniains constant nlong each parallel but varies 
along the meridian. At any given point, however, the scale is the same in all direc- 
tions. Corrections to measured distances along the meridian depend upon scale 
factors corresponding to the different 1atit)udes and can be tnlten from the same table. 

T H E  ALBERS EQUAL-AREA PROJECTION WITH TWO STANDARD PARALLELS. 

A wider separation of the standard parallels in a map of the United States on 
an Albers projection as compared with the Lambert conformal conic projection 
described above, results in scaling properties somewhat different in the two systems 
of projection. In  the Lambert projection the standard parallels aro placed at  33' 
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and 4 5 O ,  and in the Albers projection the standards are placed a t  29%’ and 4 5 j e O .  
Approximately east-and-west measurements between the standards on an Albers 
projection may be too short by nearly 1 per cent, and a lino from New York to San 
Francisco indicates a shortage of 19 miles. Only in this narrow belt between the 
standards do we find the Albers projection noticeably inferior to the Lambert projec- 
tion. The scaling properties of the Albers projection on the other hand are superior 
to the Lambert in the southern portion of the United States. Other lines of true 
scale appear in the Albers projection not to be found in either of the systems already 
considered. These are the families of curves running northeasterly or northwesterly, 
or their opposites, through the map, in such a way that straight lines near the path 
of these curves are practically true to scale. (See chapter, “Merits of the Albers 
equal-area projection . ’ I )  

Regardless of tho libcrality of true scale in the Albcrs projection, its chief fault is 
in the measuremcnt of east-and-west distances between the standard parallels. How- 
ever, corrections can be made to measured distances by the w e  of scale factors given in 
the following table. The factors should be used as a divisor to measured distances. 
RELATIVE SCALE FACTORS FOR T H E  ALDERS PROJECTION FOR A MAP OF THE UNITED 

STATES. 
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THE MERCATOR PROJECTION. 

On account of the increnient in scale in a map of the United States, reaching 
approximat,ely 40 per cent at the northern limit, the use of scale-units derived from 
the vert,ical border scale should be avoided. The use of a diagram showing a long 
horizontal scale for the different latitudes will provide good scaling units if talien 
with sufficient frequency when diff’erent latitudes are involved in a given line. 

Tho scale increments in a Mercator projection must not be considered as an 
error of the system of projection. These increments arc cntirely due to an orderly 
change of scale, and if a diagramniatic scale is employod as stated, distance nieasure- 
ments will be available except in the higher htitudes of charts wliere tlie greater 
changes in scale may render distance measurements difficult. 

In  the measurement of long lines on a Mercator chart it will be necessary to 
compute, or transfer the apex (or several points) of a great circle from a gnomonic 
chart, and to measure along the path of the groat circle instead of the rhumb lino, 
the measuring unit changing with the latitude. 

From this summary it is evident that in tho problem of measuring long dis- 
tances between any two points within the United States, any given projection hns 
definite limitations. However, by the use of scale factors in portions of the map 
where scale variations are considerable, the errors due to the system of projection 
itself may be very much reduced. 
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Although the polyconic projection indicates the most serious errors in long- 
distance measurements-possible errors in excess of 40 miles--the following proce- 
dure in cases where base maps on two different projections are available, will provide 
fairly good results without resort to scale factors: 

Tile use of the polyconic projection for all distance measurements in directions 
east-and-west or close thereto, and the Albers or Lambert projection in directions 
approximating nort,h-and-south. Intermediate directions present no very decided 
choice, nor one that is easily formulated. The frontispiece of this publication shows 
the nature of the three projections as far as their scaling properties are concerned. 

WORLD MAPS. 

I n  regard to world maps again, the difficulties are not solely due to the attempt 
to depict the spheroidal surface of the earth upon a plane. It is the great land 
masses of the Eastern Hemisphere with their political considerations that operate 
against evenly balanced alignments in tripartite or quadripartite units. In  the 
middle ground between units larger than continents and smaller than hemispheres, 
such studies as are lacking in orderly tirrangement, i. e., essentially different from 
the picture on a globe, a.re unsuited for geographic purposes. It has been stated 
in language terse and effective, that the best way of judging a world projection is 
to look at  it. 

It is well to remember that when meridians are discontinuous, i t  naturally 
follows that the configuration is distorted in the corresponding localities. In  this 
respect it would be better for map makers to follow more closely the demands of 
the science of mathematics. 

Projection lines should appear a t  reasonable intervals as they are the control 
and key which tell us that the structure is sound. They should be lightly drawn 
so as not to detract from the. general picture, and the name of the projection should 
appear on the map as an index to the purpose i t  may serve. 

For equal-area world mapping in hemispheres, the following plates on the 
Lambert meridional equal-area projection are of a high order of excellence: 

Atlarite Internasioriale del Tonring clul> Italiano, Milano, 1929, Plates 1, 2, and 3, diam- 

Nordisk Viirldsatlas, Plates I, 2 ,  3, and 4, 14 inches by 16 inches, showing more than hemi- 
eter of hemispheres, 15% in.  

spheres in east-and-west dimensions. 

The above-mentioned projection as employed for the configuration of the oceans, 
in the Nordisk Atlas, is now being used in the preparation of world maps for seismo- 
logical studies. It is useful for plotting positions of earthquake epicenters, and serves 
to eliminate the effect of distortion of other projections, especially in t,kie polar 
regions. The arrangement is well adapted to show the ca.rthqualie belts with the 
fewest possible breaks in their continuity. 

TWO projections of the sphere that are f:mnd in Some ntlWeS, as giving a fair ropresentation of the world, aro tho Van der 
Grinten projection and Gall’s Projection. Those two Projections are neither conformal nor equal-area and mny be clnssed as intor- 
mediates having no properties of definite Scientific value. They present a fair uniformi1.y in the conngnrntion of the world, avoid- 
ing the excessivo scale increments of the Mereator in the higher lntitudes and lessening the distortions of equal-area pro]ections. 
Their utility nevertheless iS pictorid rind their practicnl importance is limited. 

RECENT CONTRIBUTIONS TO AERONAUTICAL MAPS. 

The development of great circle navigation as effecting the elimination of 
circuitous routes by the use of auxiliary charts and tables, has received considerable 
attention in recent years. Through radio communication and the adaptability of 
other than Mercator projections, new methods have been offered. 
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For planning and carrying out continental and intercontinental flights, a type 
of projection, new in its application to navigation, has been brought into use by 
Louis Kalin. Strip maps which cover some of tlie principal routes of the world 
have been constructed by him and published by Ed. Blonde1 la Rougery, Paris, 
1932, scale 1 : 10,000,000. They are constructed on a transverse Mercator projec- 
tion (also known as the Gauss conformal) and are intended specially for great circle 
navigation. These maps also contain a system of squaring and a system of declina- 
tion circles or star paths, with a border scale subdivided into hour angles, facilitating 
position finding astronomically by graphic means with no tabIes necessary o ther 
than those contained in the nautical almanac. The development of the circle of 
contact which represents the tbcoreticai route is used as axis of the chart, and the niap 
is useful for 15 degrees on either side of this axis to the extent that ths ordinary 
Mercator projection is without criticism or need of an auxiliary chart or tables from 
1 5 O  north latitude to 15' south latitude. In  this transverse system of projection 
both meridians and parallels become curved lines, but due to tlie fact that thecharts 
are ordinarily so limited in their width, tho curvature of the meridians is rather 
limited and straight lines are approximately the paths of great circles throughout 
the chart. The rhumb line is no longer a straight line and the method for laying 
off courses from a meridian central to the course will have to be followed. Better 
maps, especially in the higher latitudes, are thus obtained a t  the expense of the 
rhumb line and the old method of laying off courses from tlie initial meridians. 

In tlie useful and timely textbook on projections by Driencourt and Laborde, 
4 volumes, Paris, 1932, we find a number of solutions of tlie problem of world flights, 
and the following is of special interest: 

Employment of Mercator projection from lat. 15" N. to lat. 15' S, 
Employment of Lambert projection from ]at. 10" to lut. 40°, 
Employmcnt of Lambert projection from lat. 30' to lat. GOo,  
Employmcnt of Lambert projection from lat. 50" to  Int. SO", 

concluding with cliarts of the polar regions on the stereographic projection with 
15 degree radius. 

It is seen from tlie above arrangement that the tliird chart of tlle series corre- 
sponds to Coast and Geodetic Survey Chart No. 3070, covering a part of tlie North 
Atlantic Ocean with Eastern North America and Europe, scale 1 : 1O,OOU,OOO. 

The arrangment, in toto, offers an instrument for general navigation with 
overlaps (or recoveries) of 5 degrees to 10 degreos, and is well suited to aerial traffic 
wliicli lias its greatest development in an east-and-west direction. Tliese overlaps 
scrvc 11s convenient liaisons for roil tcs where origin or destination are beyond tlie 
l h i t s  of any one chart. 

I t  is believed that in tlir part of tlie globe wliicli is most frequently navigated, 
the several confo~~nial systems of projection above mentioned, arc in their latitudinal 
extent sufficiently limited so that radio bearings may generally be u tilized directly 
without correction. It is not the processof such corrections as niucli as the pos- 
sibility of applying tlieni erroneously and in the wrong direction, that calls for 
methods malting tho benefits of great-circle navigation more readily available. 

Considerable study is given at  the present day to the subject of radiogonionietry 
for the purpose of devising simpler methods and instruments for plotting direc- 
tional bearings and great-circle routes more readily. In this conception of tlie 
problem, tlie need of simple and rapid methods is greatest in charts of large geo- 
grapliic extent covering long distance routes in all directions. 
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RECTANGULAR COORDINATES. 

An important aid to practical cartography has been supplied by the establish- 
ment of plane coordinate systems for all of the States of the United States. In  
response to the demand for coordinate systems that may be applied to extensive areas, 
the control data are now put into such form as to be most readily available to the 
engineers in cadastral and public works suiveys. Each system is referred to one 
origin and extended over the whole area of the original projection so that every point 
on the map is coordinated both with respect to its position in a given square as well 
as to its position in latitude and longitude. 

The trigonometric computations and refinements of a geodetic survey which 
takes into account the spheroidal shape of the earth need no longer concern the local 
surveyor who, with the simpler rectangular coordinates, automatically fits his local 
operations on the plane into the general geodetic control of a State-wide unit. 

When the coordinate system is based on a definite system of projection, the scale 
distortion becomes known for all parts of the region and a relationship with the 
meridians and parallels is established. Definite scale factors for different parts of the 
map can be furnished and readily applied so as to bring the computations practically 
within geodetic accuracy. 

With local surveys fitted into such a rectangular control, they can serve as a 
basis for further work in the same region, and will be coordinated with the work in 
any other region of tho State. The triangulation stations are furnished for latitude 
and longitude by the Coast and Geodetic Survey, and in most cases now have an 
azimuth mark. The same stations are also furnished with their plane coordinates 
which, when plotted on the rectangular grid, will provide the control for a traverse 
from a station by turning off an angle from the azimuth mark to the next station. 
The work can then be continued on the plane and checked with other control points as 
the survey proceeds. Discrepancies can be distributed throughout the traverse and 
the survey coordjnated with the general control. It is evident that such a system 
adapts itself to the quick computation of distances between two points whose rcc- 
tangular coordinates are given, as well as the determination of an azimuth of ti line 
joining any two points. 

As the subject of rectangular coordinates is directly related to the subject of map 
projections, a careful study is necessary in the choice of projection suited to the con- 
figuration of any locality or State. The properties and advantages of conformal pro- 
jections for this purpose have already been noted under their subject chapters of this 
publication. An added superiority is obvious in the use of two standard parallels, 
or, as in the case of transverse projections, the reduction of the scale along the central 
meridian so as to give a balance of scale within the limits of the projection. States 
and localities of predominating east-and-west dimension, such as North Carolina, 
Tennessee, and Long Island, N. Y., naturally call for a Lambert conformal projection 
with two standard parallels. New Jersey with its greater dimension 
in a north-and-south direction is better served with a transverse Mercator projection 
with Coordinates related to a central meridian. To give balance to the 
scale in the latter system, the scale is reduced along the central meridian so as to 
provide for exact scale along two circles formed by planes parallel to the plane of the 
central meridian. The process is similar to what wo should havo in the ordinary 
Mercator projection if the scale were held exact at  certain parallels north and south 
of the Equator. For some of the States, owing to their size and shtkpe, two or nioro 

(See plate X.) 

(See fig. 78.) 
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systems have been employed in order to avoid the larger scale errors which might arise 
in the use of a single system. 

The quadrilIage or system of kilometric squares based on the Lambert projection, 
so successfully used by the army in France, has thus gradually come into more general 
use in the United States. 

Successfully employed in this country in small units by the Corps of Engineers, 
United States Army, the extension of such a system to units of larger dimensions, 
will serve a most useful purpose in the coordination of the work of State, city, county, 
and public works surveys. 

A publication on tho subject of plane coordinates is now being prepared by the 
United States Coast and Geodetic Survey. 

AUXILIARY LATITUDES. 

I n  all problems of map projection it should be borne in mind that the adopted 
figure of the earth is not that of a true sphere, but of an ellipsoid of revolution. In  
cases where great accuracy in the computations is required it is necessary to take this 
matter into consideration. If one develops formulas for different prdjections directly, 
making use of this fact, the formulas become quite complicated. There is a scheme 
by which this difficulty can be avoided to a large extent. We can first project the 
spheriod on the sphere holding some given property that will enable us to consider the 
earth as a sphere in further computations. 

With this in mind such computations have been made, and they result in five 
different kinds of latitude. In  each case it amounts to the mapping of the spheroid 
on some adopted sphere. Two of these latitudes are especinlly useful in the com- 
putations of projections. These are the isometric or conformal latitude and what we 
have called the au thalic or equal-arcn latitude. The isometric or conformal latitude 
results from a mapping of the spheroid conformally upon the sphere. After this is 
done all computations of conformal projections con he mado from this sphere. The 
authalic or equal-area latitude results froni an equal-area projection of the spheroid 
upon a sphere which has exactly the same area as that of the spheroid. 

Besides these two there are three otlier varieties of latitude that are useful in 
questions of geodesy and cartography. These nre the geocentric latitude, the para- 
metric latitude, and the rectifying latitude. The geocentrio latitude is, of course, 
the angle between the equatorial radius and n radius vector from the center of the 
ellipsoid to the given point. The parametric latitude is the one used in the ordinary 
parametric eqptions of the meridian of the ellipsoid. In the rectifying latitude we 
project tho spheroid upon tho sphere which has a length of meridian esactly equal to 
the lengt'h of the meridian of the spheroid. 

For these five lunds of latitude, developments have been made expressing the 
value of each in terms of the geodetic latitude together with additional terms expressed 
in signs of the multiple arcs. I n  Special Publication No. 67 these developments have 
been given in full and the development has been carried far enough in each case to 
give all the accuracy that is required for the most exact computations. Tables for 
each of the latitudes have been computed from these developments for every half 
degree of Iatitude. These are included in the above-mentioned special publicntion. 
If further values are needed for any case t,he developmentns are such that any required 
accuracy may be obtained. 
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In the computation of any conformal O r  equal-area projection, if it is desired to 
take into consideration the ellipticity of the earth by the use of these latitudes, a 
computation can be made just as if the earth were a sphere. In  this way the latitudes 
are very important in such computations. The rectifying latitude also, makes it 
possible to compute readily and accurately any arc of the meridian that may be 
desired. 

At the present time the Coast and Geodetic Survey is computing systems of plane 
coordinates for all of the States, to  be used in cadastral and local surveys. In  all of 
these computations the conformal or isometric latitude is employed in computing the 
elements for the tables. Also the rectifying latitude is made use of in determining the 
arcs of the meridian which are required in the computations for the given systems. 
In this work these latitudes have been found to  he of very great value in shortening 
and simplifying the computations. 
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Meters 
137,300.5 
130,088.2 
142,587.5 
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Meters 
fl ,  472,824.4 
+1,350, 104.4 
fl ,  240,305.5 

GNOMONIC PROJECTION TABLE. 
[Center of projection is in latitude 40". Middle longitude for the United States is 00" West.] 

157,874.1 
180,385.7 
162,801.2 
185,302.2 
107.800.1 

Longitude Z0 

+550,345.5 
+447,452.5 
+335,831.2 
+224,412.8 
+113,l% 9 

I Longitude 0' 

182,890.7 
185,410.3 
187,048.2 
100,487.0 
103,040.2 

195 000.0 

200' 788.0 
203: 408.2 
200,048.7 

lOi188.9 

Longitude 3" 

-555,551.3 
-607,708.3 
-780,459.1 
-803,005.1 

-1,007,308.7 

-1 121 044.0 

-i 35i 513 7 
-1: 400: 204: 8 
-1,680,841.5 

-1'230'680 0 

Longitude lo 

209.712.4 
211,401. 1 
214,110.9 
210,801.0 

Latitude ~ 

(Degrees) 
i s  

-1 705 507.8 
-1: 825: 290.8 
-1,040,280.2 
-2, OW, 560.3 

Latitudo 
(degrees) 

~ 

X 

Y A' Y Y A' 

hfeters 
-1,470,850.1 
-1,354, 105.0 
-1,238,395. 1 

Meters 
08,080.4 
00,080.3 
71,288.0 

Meters 
tl, 471,350.3 
tl, 354,087.9 
tl, 238,887. 7 

hfeters 
200,070.2 
2i0,ooo. 0 
213,900.0 

Meters 
.1,475, 282. 1 
.I, 358,020. 1 
.1,242, x29.7 

-1,123,377.5 
-1,000.005.8 
+805,384.3 
+782,250.3 
+009, 018.1 

72 570 1 
73: 801: 6 
75, 137. 1 
70 400.4 
77: 070.2 

tl, 123,870.2 
tl, 000,568.3 

+805.870.4 
+782,760.0 
+070,108.4 

217,781.4 
221,032.3 
225,482.0 
229,283.2 

236,840. 1 
240,018.7 
244 379.2 
248: 132.0 
251,882.2 

233,008.0 

1, In, 813.5 
1,013,500.4 
+800,814.0 
+780,083.1 
+074,032.5 

+557,380.5 
+445 503.1 
+333,880.5 
+222,470.0 
+111,200.1 

78,928.4 

82,687.2 

80 184.8 
81: 437. 1 

83,035.7 

43557,878.4 
+445,990.3 
+334,374.8 
+222,063.0 
+111.086.7 

4-501 701.8 

+338,250.8 
+220, R30.3 
+115,533. 9 

+440: 890.7 

0 
-111,200.1 
-222,479.9 
-333,889.5 
-445.503.1 

85, 183.4 
80,431.2 
87,079.7 
88. 020.7 
00, 182.1 

+477.8 
-110,731.3 
-222,008.5 
-333,421.8 
-445,030.3 

255.020.2 
259,370.4 
203,125.0 
260,880. 1 
270,041.2 

274,411.0 
278, 193.7 
285,802.1 281.980.7 

280,833.4 

+4,302.7 
-106,031.1 
-218,235. 3 
-320, 077.0 
-441.327.8 

-557,389.5 
-080,018.1 
-782,250.3 
-805,384.3 

-I,oM),085.8 

01,437. E 
92,000.7 
03,960.B 
95,220. s 
00,506.5 

-550,030.0 
-000,183.2 
-781.809.3 

-553,252. I 
-005,522.1 
-778,207.4 
-801,379.5 

-1,005, 110.9 
-891; 930.0 

- 1, 00a 020.0 

-1, P7,068. 1 
- 1,353,775.4 
-1,470,445.0 
-1, ass, OBO. 2 

-1, 122,044.3 

-1,700,703.4 
-1,820,401.9 
--I, 047,425.0 
-2,000,087.7 
~ _ _  

-1,123.377.5 
-1,238,305. 1 
-1,364.105.0 
-1,470,850. 1 
-1,588,400.4 

07 788.1 
69: 078.7 

101,087. C 
103,006.7 

100, 378. c 
283,480.0 
297,302.5 
301,205.5 
305,107.7 
300, 101. 7 

-1,110,475.7 
.I, 234,540.4 
-1,350,40!!. 5 
.1,407,135.4 
-1, 584,808. 8 

-1,703,513.0 
-1,823,337. (I 
-1 044 300.0 
-2: 060: 704.1 

-1,707, 101.8 
-1,820,862.2 
-1,047.807. 3 
-2,070,000.3 

104.337. I 
105, 081. i 
107,038.5 
108,410. € 

313.100.0 
317,197.1 
321,274.3 
325,305.4 

I Longitude 4' Longitude 5" Longitude 7" 

Y X x 
~- 

Mrtm 
412,380. 0 
420,200.4 
4'28,091.6 

Y Y X 

Meters 
274,808.3 
280,052.5 
285,257.2 

290,420.0 
205,565. 1 
300,076.2 
305.700.5 
310,824.2 

316.860.0 
320,890.0 
325,018.1 
330,027.3 
335,030.7 

340,931.2 
345,931.0 
350,035.0 
355,940.1 
300,9G5.8 

305,008.0 
371, 045. 7 
376,112.3 
381,200.8 
380,314.5 

301,450.0 
390,031.2 
401,840.0 
407,080.7 
412,381.2 

417.710.2 
423.107.0 
428,550.5 
434,052.0 

Meters 
l-1,478,724.8 
I- 1,302.074.5 
I-1,240, 281.5 

Afeters 
343,577.5 
350,137.1 
350,048.0 

hfeters 
-1,488,573.5 
-1,371,930.8 
-1, 250, 157. 0 

Meters 
481,254.0 
400,450.0 
490,690. 5 

hfeters 
-1,404,085. I 

-1, 202, 586. 5 
-1,378,302.5 

Meters 
-1, 483. 154. 5 
-1, 300, 511. 0 
-1,250,723.0 

-1, 135,700.8 
-1,021,304.0 
+OM, 702.1 
+704,558.5 
+081,801.3 

I-1, 131,UiO.B 
I-1, 010,052.5 

+790,128.0 
+903,203.0 

+677,400. o 

303,118.0 
300,545.3 
375,030.0 
382.301.8 
3%. 037.8 

495,861.7 
443,684.0 
451,200.3 
4.58,910. 8 
460,523.3 

-1, 141, 145.0 
-1,020,828.4 
+013,132.3 
+790,980.8 
+087,302.4 

-1, 147,578.2 
-1,033, 280.5 
+ON, 558.2 
+800 397.4 
+003: 7M. 0 544; 405.0 

553,357.7 
€82, 104.5 
571,010.0 
570,812.3 
6%3,004.1 

+€a, 218.0 
+453,300.5 
+341,002.2 
+BO, 217.2 
+118,903.4 

304.051.1 
401,245.5 
407,524.0 
413,793.3 
420,054.5 

474,108.0 
481,071.6 
480,210.8 
496,740.0 
504, 272.0 

+575,026.0 
+403,081.4 
+351,309.1 
+BO, 010.3 
+la, 540.9 

+581,412. 8 
+489 447.4 

+248,223. 0 
+134,828.2 

+a57: 740. 8 
4-123; 240.0 

+7,052.8 
-103,002.0 
-214,030.4 
-320,308.7 
438 ,075 .8  

426,312.3 
432,570.4 
438,832.8 
445,103.3 
451,385.6 

+11,064.3 
-00,318.0 

-210,676.7 
-322, 178.0 
-433,800.7 

-545,883.0 
-058,227.1 
-770,000.8 
-884,240.4 
-698, om. 0 

-1,112.525.0 
-1,227,090.1 
-1,343.004.7 
-1,400,502.0 
-1,678,293.0 

-1,097, 122. 0 
-1.817,MO.Z 
-1,038,245.8 
-2, OBO, 724.3 

511,702.4 
510,313.0 
520,838.8 
534,374.5 
541,024.7 

640,404.1 
657,087.4 
64% 709.3 
572,364.7 
wo, 058.4 

687,795.0 
505,581.3 
003,420.0 
011,310.5 
019,282.9 

+17,240.8 
4 4 , 0 7 6 . 8  

-205,470.8 
-317,012.3 
-428,708.6 

-540,808. 0 
-053. 202.1 

507,301.7 
000, 180.5 
014,975.7 
023,782.8 
632,007. I 

+zu, 480.2 
-87.870.1 

-109,3011.(; 
-310,887.4 
-422,705.0 

-550,030.0 
-002,332.0 
-775,052.2 
-ma. 200.8 

-1,002,031. 1 

457,083.8 
464.001.0 
470,343.0 
470,712.1 
483,113.0 

641,454.2 
650,329.4 
050,238.5 
008,187.0 
077,180.7 

-534,8uo. 4 
-0479 253.2 
-700,134.1 
-873,514.7 
-087,4otl. 0 

- 1,102, ow. 1 
-1,217,891.2 
-1,333, 515. 1 
-1,450,510. 5 - 1,608,480.0 

-700; 010.0 
-870,332.6 
-003,213.7 

- 1,107,737.4 
-1,225 970.5 
-1.330.017. B 

-1,110,437. 1 
-1,231,654. 5 - 1,347,400.8 
-1,404,235.4 
-1,681.000.3 

480,540.8 
496,028.8 
502, 548.3 
500,118.8 
516,743.0 

088,225.4 
005,327.2 
704,402.2 
713,728.8 
723,037.3 

-1,455; 931.8 
-1,573,803.4 

-1,700,719.0 
-1,820,000.3 
-1,041,002.7 
-2,004, m. 1 

522,425.5 
520,171.3 
536,985.5 
542,873.3 

027,310.7 
035,426.8 

051,000.7 
w3, 610.4 

-1. 002, 717.6 
-1,812,701.4 
-1,034,025. t 
-2, OM, 003.4 

732,430.4 
741 013.1 

701: 170: 4 
751'402 7 

-1,687,501.7 
-1,807,051.7 - 1,028, on. 4 
-2,051,722.8 . 
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f3 _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  
51----.--- _ _ _ _ _ _ _ _ _  
50 ______.____..__. ~ 

49 .... . _.__ ~ _ _ _ _ _ _ _  
48......-... _ _ _ _ _ _ _  
47 _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _  
46.-. _ _ _ _ _ _ _ _ _ _ _ _  _ _  
45 __.____ ..~ _ _ _ _ _ _ _  
44-. . . - - ~. ~ ~ - - - - - - - 
43- _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  
42 .__._____________ 
41 _______.__.. ~ _ _ _ _  
40 _______._________ 
39 .._______________ 
38 ..__________ _ _ _ _ _  
37 ... _ _ _ _ _ _ _ _ _ _ _ _ _ _  
36 __.__ _ _  ....._____ 

35 _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
34 _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _  
33.-. _ _ _ _ _ _ - _ _ _ _ _ _ _  
32 ..___._____._._ _ _  
31L.. _ _ _ _ _ _ _ _ _ _ _ _ _ _  

52.- ~ -. - - - -. - - - _ _  _ _  
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Meters Meters 
650 181 2 4-1 a02 392 7 

571: 173: 6 +I: 276 016. 6 

681 602 9 +1 155 010.7 
591: 890: 3 +I:WO: 691.8 
602,102.4 +926,983.7 
612,a86.1 +813,812.7 
622,607.7 +701,106.5 

632 713.8 $688 793.9 842: 830.6 +476: 805.0 
652,924.5 +365,070.2 
663,001.7 $253,620.8 
673,088.2 +142,088.5 

683 130.3 $30,705.4 
693'194 1 -80.69G.5 
703: 266: 8 -192,185.0 
713,361.4 -303,828.3 
723,467.2 -416,694.9 

733 689.4 -627,854.0 
743: 764.4 -G40,375.2 
763,968.4 -763,328.2 
764,208.0 -886,787.9 
774,M)B. 8 -980,824. 1 

680' 715 4 +i 385 783: 3 

GNOMONIC PROJECTION TABLE-Continued. 
[Center of projection is in latitude 40'. Middle longitude for the United States is 96' West.] 

53 __..____..__.__._ 
52-.. . _ _ _  ._...-.--- 
61 _______..____.___ 

1 Longitude 8' 

Meters 
828,882.3 
842,604.2 
858,414.6 

Longitude 9' 

Meters 
898 051.2 
913'340.9 
930: 610.8 

Longitude 10' 

Metera 
+1 564 638.2 
+1'438'028 6 
+1: 322: 328: I 

Longitude 1l0 

Meter8 
985 636 6 
984: 203: 2 

1,002,742.8 

1 021 167.0 
1: 039: 487.9 
1,057,717.4 
1 076 867 3 
1: 093: 940 1 

Meters 
+1 688 030. I 
4-1: 451: 560. ; 
+1,335, 869., 

+l 220 908. ( 
+l: 100: 592. 

+99Z, 846.. 
+879.596. ( 
+766,772. 

50 .____._.___._.___ 
49 _____._._.-.-..-- 
48 _____..._....... ~ 

47 _ _ _ _ _ _ _ _  ~ __._._._ 
4 L .  _ _ _ _  _ _ _  ._. . . - _ _  

874,124.3 
889,743.8 
805,283.1 
920,752.4 
936,101.4 

1,031, G46. 1 
1 048 288.6 
1: 004; 898.1 
1,081,484. 6 
1,098,068.3 

+640,821. 
+528,673.1 
+416 749 I 
f304' 980: i 
4.193: 286. 

45 ___._._._.....__. 
44 _______. _--.-. - - -  
4L. __.___._.._._._ 
42 ... ___._ ~ __._ .--- 

961 519.9 

982,123.5 
W7,387.4 

986: 837.5 

40 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
39 ... . -.-. ___.__ _ _ _  

..__..._.____ 
37 _ _ _ _ _ _  ~ _ _ _ _ _ _ _  -.- 
ao _ _ _ _  _.___-_ ---- - -  
35 _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  
34 _._._._._.___.___ 
33 -.... . _._..._ _ _ _ _  
32 -... _____._______ 
31---.+ __._ ~ ___. _ _ _  

1,027,886.2 
1,043,139.7 
1,058,408.2 
1,073,701.2 

1,104,398.3 
1,119,821.4 
1,135,307.2 
1,150.8ffi.6 
1,180.MxJ.6 

1,080,028.1 

1,201,636.6 
1,219,653.3 
1 237 490.2 

1: 273: 488: 8 
i 255' 468 4 

+94,838. 
-10,955. 

-128,876. 

-363,371. 
-240,001, 

1 197 798.9 

1: 231: 405.2 

1,266,331.8 

1,282,442.8 
1 2% 067 3 

1'334'rn.G 
1: 352: 141.7 

11 214' 507.5 

1,248,a3.0 

i 317' o i i  2 

-478,813. 

-705,272. 
-819.274. 
-933,889. 

-1,049, 192. 
-1 105 '261. 

-1'403'015 
-1: 618: 804: 

-591,800. 

-1' z s i  175. 

1 383 056.0 
1:401: 684.6 

1: 439: 386. 0 
1,468,445.2 

1 477 701 9 

1 616 806.7 
1: 636: 883.3 

1 420 450.a 

1: 497: 150: 4 

-1 037 158. 
-1: l63:396. 

-1: 388: 514. 
-1,507,602. 

-1 627 717. 

-1 871 712. 
-1: Q95: 741. 

-1 270 486. 

-1: 749: 000. 
25 _ _ _ _ _ _  _ _ _  _ _  __.___ 
24 ______.._-------- 
23...... _ _ _  .____ _ _ _  
22 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  

1,262,679.6 
1,279,202.c 
1,295,897.1 
1,312,778. t 

1 369 941 6 

1:406:082.0 
1,424,452.2 

i 387'917: 4 
-1 638 810 

-1:882:350. 
-2, 006,134. 

-i 759'941: 

X Y X Y X Y 

Meters 
619,178.3 
631,048.5 
642,833.6 

Metera Mders 
088,264.9 
701,467.8 
714, 686. 6 

Meters 
1,620,213.5 
1,403,636.9 
1,287,880.3 

Melm 
757,419.9 
771,983.1 
786,443.4 

Meter8 
.1,630,@36.7 
.1,414,080. 1 
.1,298,346.7 

~~ . . 
1,510,800.6 
1394,206 4 
1: 278,448: 5 

651,641.4 
Sse,180.1 

889,279.9 
700,765.9 

877,757.0 

1,163,447.9 
.I, 049,128.1 

+7m, 608.7 

+936,413.7 
4-822, 231.3 

727,620.3 
740,677.4 
763,486.6 
766,29G. 2 
779,074.3 

.1,172,895. 1 

.1.058,574.6 
+944,863.7 
+831, 659.1 
+718,918.5 

+SM, 680.9 
4-494.516. 2 
+382,715.2 

+159, 609.4 
+m. 089.0 

W, 810.7 
816,094.6 
829,304.3 
843,449.0 
857,537.9 

871,579. 6 
885,683.0 
898,560.8 
913,600.5 
927,449. 6 

.1,183,357.9 

.I, 089,037. a 
+955,309.8 
$842,102.2 
+729, 342.2 

+616,959.1 
+604,882.6 
+393,043.5 
+Bl, 373.1 
+189,803.2 

712,192.3 
723,596. 4 na, 975.0 
746 335.3 

769 028 5 
786 376 3 
791,731.4 
803,103.8 
814,499.5 

757: 884.1 

+597 174.7 

+373,303.0 
+m; 169.3 

+%I, 807.2 
+150, 333.5 

791,809.0 
804,608.3 
817,179.9 
829,831.7 
842,471.4 

+38,904.0 
-72,649.3 

-184,094.3 
-295,799.2 
-407,732.6 

855,100.8 
867,745.4 
880,395. 1 
893,063. 6 
805,758.7 

$48,088.3 -63,422.1 

-175,029.9 
-286,803.4 
-398.811.1 

941,385.7 
955,326.2 
969,279.7 
983,254.7 
997,259.8 

,011,303. 6 
,025,394.9 
,039,542. 6 
,053,755.6 
,008,043.2 

+a, 285.6 
-63,307.7 

-104,984. 6 
-276,833.4 
-388,923.0 

825,925.6 
837 388.8 
848: 896.8 
860,466.8 
872,076.1 

-619,963. 6 
-632,682.1 
-746,698.9 
-859,145.8 
-973,276. I 

918,488.1 
931,7.59. 9 
944,082.1 
960,902.7 
959,910.2 

982,933.0 
Dgg, 039.8 

I, 00s. 239.5 
I, 022,541. 1 
I, 035,964.1 

-511,122.3 
-623,807.1 
-736, 936.2 
-850,681.7 
-9G4,816.9 

-1,079,710.6 

-1,311,810.8 
-1,429, 176.4 
-1,547,518.6 

- 1,195,367. a 

-Mi, 322.7 
-614,102.5 
-727,333.4 
-841,087. 6 
-956,438. 6 

-1 070 461.3 
-1:lS6:232.4 - 1,302,830.4 - 1,420,330.2 
- 1,538,832.8 

30 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  784,870 5 -1 G96 512.5 

28 _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _  805' 796: 3 --1) 327' 151: 7 
27 __________.______ 8ld375.7 -1:444:260.6 
26.-.. ______.______ 827,042.6 -1,662,338.2 

25 ._______ ~ _ _ _ _ _ _ _  ~ 837 804.6 -1 fBl 469.3 
24.. - - - - -. - .- -. _ _  _ _  848: 609.8 -1: 801: 741.7 
23 __.______._._____ 859 640.2 -1 923 246.3 
22 .____ ___. ._____ _ _  870: 742.5 -2: 046: 077.4 

I M __.____ ~ _._______ 796 z e i  o -i zid 928 o 883,762.4 
895,623.4 
907 367 2 
919: 301: 8 
931,336.7 

-1 088 004.2 
-$203' 686 6 
-( 318: 921: 3 
-1, 437,148. 6 
-1,565,361. 1 

-1 874,614. C 

-1,916.076. I 
-2,039,661. C 

-1: 795,025. i 

L, 082,414.8 
1,096,879.8 
1,111,448.2 
L, 120,130.0 
I, 140,935.6 

943 477 6 
956: 736: 4 
868,121.3 
980,642.1 

I, 049,488.2 
I, 003,163.3 
I, 070,969.8 
I, ow), 918.6 

-1 668 928.8 

-1, eos, 309.6 
-1: 787: 495.4 

-2,O32,4G(i. f 

1 155 875.6 
I' 170' 961.3 
I: 180: 204. 1 
I, 201,015.7 

-1,068,405.9 
-1,779, 144.2 
-1,901,139.4 
-2,024,486.0 

-- 
I Longitude 12O Longitude 13O Longitude 15' Longitude 14O 

Y Y X 

Meters 
kl ,  642,076. 1 
I-1,462,642.2 
tl, 309,823. < 

Meters 
1,035, 144.6 
1 055 203.9 
1: 076: 121.3 

Meters 
1,682,569.6 
1,400, 111.8 

1 235 605 4 
1: 121: 193.0 
1,007,441.4 
$894,177.7 +781,330.2 

1,350,463.1 

tl, 194,843. ( 
tl, 080,522. I 

+96G, 788. t 
+853,507. ! 
+740,787.1 

+628,376. ! 
+510,265. , 
+404,385. I 
+292.067.' 

+69,443. ' 
-42, 197. I 

-153,950. I 
-265,881. 
-378, 060. I 

-490,550. 

+IN, 042. I 

-003.439. 
-710,781. 
-830,654.' 
-945,132. 

-1, m, 289. 
-1, 176,203. 
-1,292,963. 
-1,410,619. 
-1,529,284. 

947,672.6 
964,637.4 
981,416.3 
998 220.4 

1, Old,  98o. 1 

+1,207, 367.: 
+1,093,038. ! 

+979,208. I 
+S86, 062. 
+753,200. I 

1,094.919.3 
1,114, 607.8 
1 134 199.7 
1: 153: 707.7 
1,173,143.9 

1,192,520. 0 
1,211,848.9 
1,231, 143.0 
1,250,413.6 
1,269,671.6 

1,288,929.3 
1,308, lea. G 
1,327,491.2 
1,340, 818.9 
1,3GG, 193. 6 

1 111 974 2 
1: 1%: 963: 7 
1,147,898.6 
1 165 820 2 
1: 183: 729: 2 

+OM 301 I 

4-436 1 4 i  
+31d 320. I 

+542)116'! 

+206: 574.1 

+W, 828.1 

$444,681.0 
$332,899.4 
+220,886. 6 

+55a, 001. G 

$.lOe,075.1 
-2,803.2 

-114.816.7 
-227,034.0 
-339,624.2 

-452,357.2 
-505,03.7 
-679.385.2 
-793,624.8 
-W, 646. 7 

1,281,632.8 
1,309, Bil. 5 
1,327,880.4 
1,346,159.1 
1,304,551.7 

-4m, 0%. 
-579.201. 
-682,793. 
-800, 934. 
-921,097. 

1,385,627.3 
1,405, 132.3 
1,424,720.7 
1,444,405.3 
1,404,198.8 

1 484 114.3 
1: bo4: 165.2 
1,524,365.1 

1, G05,269.2 
1,544,728.3 

-1,024, 176.8 
-1,140, m2.8 
-1,267,874.4 
-1,376,103.7 
-1,495,365.0 

-1,648,036. 
-1,769,962. 
-1,892, 156. 
-2,015,712. 

1,580, 002.9 
1, BOG, 944.9 
1,628,111.4 
1,649,519.0 

-1,616,745.7 
-1,737,335.9 
-1,860,229.3 
-1,084,623.0 



ADDITIONAL TABLES. 

52 _..____.__.______ 
51 __.________._..._ 

50 ___..__..__.___._ 
40 ___._____._..._.. 
48 ... . - ~ ~ - - - - -. .- - 
47 ___.___.___.__.__ 
40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

189 

Meters 
1,120,344.2 
1,147,857.3 

1,108,841.2 
1,189,900.0 
1,210,877.0 
1,231,755.0 
1,252,669.9 

GNOMONIC PROJECTION TABLE-continued. 
[Canter of projection is in latitude 40'. Middle longiludo for the Uuitad States is 06' West.] 

Meters 
1, 107,043. 1 
1,220,301. R 

1 Loneitude 10' 

Meters 
$1,408,382. 1 
fl ,  382,787.2 

Longitude 17O 

s I Y 

1 242 944.8 

1: 287: 702.0 
1,310,020.8 
1,392, 212.0 

1' 2o5' 400. 9 

Longitude 18- 

4-1 207 872 1 

4-1: 03$813. 7 
+020, 522.0 
+813, 027. g 

+i im' 572: e 

Longitude 10" 

1,354,334.0 
1,370,400.5 
1,308,441.3 
1,420,452.0 
1,442,454.0 

Latitude 
(degrees) I x -  

+701,059.3 
+588,740.0 
+470,021.7 
+304, 014. G 
+252,058.4 

x 

40 _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  - 
30 ___.___ ___.__.___ 
38 ..-... _ _ _  .__._ ~ . -  
37. ___________._ _.. 
30 ________.__.____. 

35 _ _ _ _ _  _ _ _ _ _ _ _ _ _  __. 
34 _._____.__.___ ~ - .  
33 ___._____._______ 
32 ... ______.___.___ 
31-.-. - _ _  ~ _ _  -. _ _  .. 

Y 

1,370, 529. 7 
1,307,167.1 
1,417,831.2 
1,438,534.0 
1,450,200.1 

1,480,110.0 
1,501,000.2 
1,521,909.0 
1,543,003.7 
1,504,300.0 

I' 

Metera 
-1,681,722.0 
-1,300, om. 2 

1,575,011.1 
1,597.322.0 

1,042,250.9 
1,004, WO. 9 

1, 019, 732.5 

x 

-421, 801.3 
-535,391. I 

-704,041.4 
-870,315.3 

-me, 4223.1 

Y 

30. _ _  -. __. - -. - _._ - - 
29- ._____._________ 
28. ._________. _ _ _ _ _  
27.. _ _ _  ._.__.._. ~ . -  
26.. -. -. - ~ -. . -~ .  . 

Meters 
1, 200, 107.8 
1,293,245.7 

1,585,652.0 
1,007,145.4 
1,828,700.8 
1,650,691.1 
1,672,654.0 

AIeters 
.1,510, 130. I 
.1,400,557.3 

25- ______.___. - . ~  _ _  
24 ___._______... _ _ _  
23. __.__ _ _ _ _  _._.___ 
22 ____.__.__.__-_-- 

Meters 
1,340,748.7 
1,300,320.4 

1,694,887.5 
1,717,345.4 
1,740,040. 2 
1,703,007.7 

Meters 
.1,534,047.3 
.1,419,410.3 

1,804,309.5 

1,852,067.7 
1,877,108.7 

i,am,307.7 
-1 680 114.3 

- 1,834,077. E 
-1,050,550.3 

-1: 711: 230. c 

KO __.____ _ _ _ _  _ _ _ _ _ _  
49 ___________..__._ 
48 _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
47 __.______ ~ .-- .. -. 
48 _ _ _ _ _ _ _ _  _ _  .__. __. 

-1 251 150.9 
-1: 138: R40.8 
-1.023.093.8 
+W9, 810.2 
$794 945.2 

1,466,465.2 
1,403,107. 9 
1,510,812.4 
1,640,326.5 
1,572,753.9 

I ,  317,241.8 
1,341, 111.0 
1,304,871.3 

1,412,118.8 
1,388,535.3 

46 .... ______._.____ 
44 ___________.___.. 
43 _____________.__. 
42 .______________._ 
41. _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _  

.1, 285, 063.3 

.1, 171,372. g 
-1,057, 012. I 
+944,308.8 
$831,300. I 

1,599,114.1 
1,026,422.3 
1,051,004.0 
1,677,947.1 
1,704,196. 9 

1,301,744. 0 
1,417,037.8 
1,442,218.4 
1,407,290.5 
1,492, 293. 7 

40 ____________..__ ~ 

39. ___________..___ 
38. _ _  - - - - - ~ - - - -. . 
37 _ _ _ _  ~ ____._.- -- - -  
30 _ _ _ _ _ _ _ _ _  _ _ _  ____. 

.1,304,540.2 

.1 1W 201.5 

.1: 070: 500.7 
+003 185.4 
$850: 244.2 

1,790,4M).O 
1,756,746.1 
I ,  783,070. G 
1,809,473.7 
1,835,944. G 

35 _ _ _ _  ~ __________._ 
34. _ _ _ _ _ _ _  _ _  ______. 
33 _______.__ ~ ____.. 
32 _ _ _ _  ~ _ _ _ _  ~ _ _ _ _  _ _ _  
31. _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  

1,802,wv.O 
1,889,183.0 
1,915,985.5 
1 042 932.0 
1: 070: 040.8 

30..-.. _ _ _ _ _ _ _ _ _ _ _ _  
20 __._ ~ ___________. 

27 _ _ _ _ _ _  ~ __._______ 
20 _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
m .___ _ _ _ _ _  __._____ 

1,097,330.1 
2,024,818.6 

2,080.408.0 
2,108,072.8 

2,052,526.3 

25 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
24 .____ _ _ _ _ _  _ _ _ _ _ _ _  
23 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
22 _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  
21 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2,137,165.0 
2,105,038.3 
2,105.045.3 
2,224,400.0 
2,254,825.6 

45. ______.___.___._ 1 273 301 9 
44.. .. -. .______ .___ 1 1: 203: 094: 9 

+084.410.2 
+572,141.5 
+400,089.0 
+348,126.8 
+nu, 243.8 

1,435,030.4 
1,450,102.7 
1,482,532. 1 
1,505,939.0 
1,529,337.7 

+718,787.3 
+soS, 430. C 
4-484.240.3 
+382,176.4 
+270,143. t 

1,517,223.0 
1,542,101.7 
1,500,043.3 
1,501,783.5 
1, 010, 577.4 

+737, Gw. 0 
+625,203.0 
+512,000.0 
+4W, 824.8 
+288,711.7 

43. .____.__. ___.___ 1,314,051.5 
42.-. .- ~ _..__.. - ~ .  - 1,335,284.6 
41 _________._.___._ I '  1,365,900. 3 

I 
+lU, 352.8 
+12,385.5 
-90.720.5 

-324, 050.0 
-212.051.8 

1,552,742.3 
1,570, 107.3 
1,590,020.8 
1,023,135.4 
1,040, i07.5 

1, 070,357.8 
1,004, 101.3 
1,717,952.0 
1,741,QB. 2 
1,700,042.7 

+I68 080 s 
-GF, 403.3 

-178,062. I 
-201,820.6 

-405.065. I 
-518.749.4 
-032,951. i 

-803,m. E 

+45: 021: 7 

-747,745. E 

1, 041,400.2 
1. OGG, 247. 1 
1,001, 133. 1 
1 710 073.7 
1: 741:084.3 

1,700,180.4 
1,701,377.0 
1,810,092.0 
1.842.141.0 
1,807,740.9 

+170 558.5 

-100,827.7 

+a: 290.7 
-48, 142.3 

-273,829.2 

-387,217,2 

-015,440.1 
-730,421.4 
-840,082.7 

.1,079, 750.0 
1, 197,028.5 
1,317, 102.3 
1,437,303.7 

1,558.802.0 
1,681,509.8 
1, 805, 653.0 

2,058,220. o 

-501,063.3 

-Or,& 501.2 

1,931, 121.4 

-437,620.0 
-551,004.0 
-0M. 884.6 
-779,332.6 
-804,423.7 

-1,010,234.2 
-1. 128,841.8 
-1 244 320 0 
-1: 302: 771: 0 
-1,482,200.9 

-1 w)2 882 6 

-1:847:88R:O 
-1,072,465.7 

-i 724' 727' 2 

1,790.312.0 
1,814,754.2 
1,839,384.5 
1 804 220.8 
1: 884 mi. 2 

-970 411 E 
.I, 094 4%: i 
.1 214 300 5 
,1: 333: 288 : 
.1,453,275. E 

1 893 507.7 
1: 910: 450. 7 
1 045 014 8 
1' 071) 901: 4 
1: 908: 608.8 

1,014,584.0 
1,040,148.4 
1,905,094.5 
1, W2, 142.0 

.1,574,426. 

.1,0OG, 829. 

1,045,780. 
.1, azo. 581. 

2 025 486 7 2' 0 5 i  045: 0 

2' 107' 802 0 
2: 134 024.7 

2'080'106 0 

I------------ 21 ..-....-.....-.-. 
. . ~ 

I I Longltude20" Lougitude 21' Longitude 22' Longitude 23' 

Y X X Y s 

Meters 
1,550,832.0 
1,588,802.3 

Y 

Meters 
-1,507,089.2 
-1,482,686.0 

Y 

Meters 
-1,554,854.7 
-1,430,368.0 

Meters 
-1,575.804.5 
-1,480,412.5 

Meters 
1,600,754.0 
1,020, mi. o 

Meters 
62 _ _ _ _ _ _ _ _ _  ~ ._____ ~ 1,412,576.0 
51 _ _ _ _  ~ _ _ _  _ _ _  _ _  - - - - 1,439,607.1 

Meters 
1,484. m. 2 
1,613,087.2 

A4eters 
-1,021,242.2 
-1,505.805.2 

-1,324,515.0 
-1,210,251.0 
-1,090,402.4 
+om, 100.0 
+870,203.5 

+757,531.8 
+t345,082.3 
+@2,780. 1 
+420,574.5 
+308,370.0 

1,641,410.2 
1,500, 005.7 
1,597,073.7 
1,025,038.0 
1,053,518.2 

-1,345, OM). 7 

-1,004,200.7 
+8oi. mz. 1 

-1,231,354.6 
-1,117,000.5 

-1,367,810.7 
-1,253,585.8 
-1, 130,830.4 
-1,020,4!49.4 
+913,405.0 

1 018 010 0 
1: 040: 274: 0 
1,075,814.9 
1 705 249.0 
1: 734: 507.2 

1,002,059.4 
1 723 218.4 

1,785, 170.3 
1,810,014. 1 

1: 754 250.8 

-1,301,169. 1 
-1,270,050.7 
-1,103,224.0 
-1,049,880.5 
+030,858.2 

1,681,325.5 
1,709,083.1 
1.730. am. 1 

+77a, 570.4 
+GO& 080.2 
+5%, 724. 0 
$411,441.0 
+320,100.8 

1,703,875.8 1,793, 103.5 

1,822,5J8.2 
1,861,477.7 
1,880,059.7 

+8W, 750.1 
+oSa, 213.3 
+576.797.7 
+403,440.0 
+351.073.0 

1,840,783.3 
1,877,502.0 

1,938,808.3 
1,069,651.4 

1, om, 191.7 

$824,087.2 
4-71], 498.2 
+5w. 022.3 
+?80, 590.9 
+374,135.4 

1; 704; 511.3 
1,702,215.7 

+lO0,131.4 
+83,703.0 

-141,011.4 
-254,758.7 

-28,794. 8 

1,819,036.1 
1,847, 680. 4 
1,87&,402.7 
1,003,303.1 
1,931,317. 9 

MIS, 815.0 
+104,330.9 

-8,344.3 
-121,207,3 
-234,592.4 

1,000,802. 1 
1.930, 102.8 
1, W, 390.6 
1,907,770.5 
2,027,234.0 

$238,028.2 
+lZ0. 035.7 
+13,226.0 
-09,807.6 

-218,318.1 

2, Ow, 250.0 
2,031,012.3 
2, 061,827. 8 

2,123.723.7 

2,154,843.0 

2,217,523. 1 
2.249.124.6 

2,002,725. 1 

2, 180, 102.7 

2,280,Q28.2 

4-201, b87.2 
+148,877. 0 

+35, u37.4 
-77,303.2 

-190,914.7 

-368,301.3 
-482,317.0 
-500,870.7 
-712,064.4 
-827,028.2 

1,059,374.6 
1,087.550.8 
2,015,804.7 
2,044,334.8 
2,072,979.7 

-348,300. 3 
-462,403.1 
-577,243.0 
-002,027.3 
-808,710.5 

-025,508.3 
-1,043,343.8 
-1,lGZ 038.3 
-1,281,780.6 
.I, 402,015.0 

2.068.808.4 
2,086,512.5 
2, 110,305.4 
2. 140,388,5 
2,170,595.8 

2,207,013.5 
2,237. MIO. 7 
2,208,558.7 
2,200,729. 7 
2,331,100.7 

-327.105. D 
-441,573.1 
-550,523.2 
-072,121.1 
-788,443.5 

-005,568.5 
-1,023,570.9 
-1,142,551.3 
-1,202.577.0 
.1,383,742.2 

-301, 068. 0 
-410,537.2 
-534,094.5 
-050,618.8 
-707,077.9 

-044, MiO. 4 
.1,002, 003.8 
.1,180,400.0 
.1, 200, 036.1 
.1,420,483.2 

2,101,818.8 
2 BO 871 a 
2: 100: 158: 7 
2,180,700.8 
2,210, 610. 5 

2, 240, 037. 3 
2,280,077. 1 
2,310,863.2 
2,342,020.5 
2,373,575.1 

2, 312, 965. 5 
2,345,228. G 
2,377,770.2 
2,410.003,7 
2,443,753.5 

.1,542,226. 1 

.1,780,000.5 

.I,  015,503.3 

.1,005.2M. 0 

.2,043,049.2 

-1,524,077.0 
-1,648,043.7 
.1,772,813.4 
.1,890.087.7 
.2,020,072.1 

2 302 083 3 

2: 427: 614: 6 
2,400,511.4 
2,403,832.2 

2'306' 114' 1 
-1, W, 138.2 
-1,020,850.6 
-1,755,004.3 
.1,881,075. -2 UOD, 078.0 1 

2,477,944. 5 
2,511, 102.8 
2,545,355. 5 
2,680,030.7 
2,016,157.8 

-1,480,587.9 

-1,730,218.5 
-1,010, 080. 5 

-1: o o i  048.1 
-1 803 305.1 



1.90 

1 787 777.1 
1'800' 451 0 
1'832) G96 8 
1: 866: 434: 3 
1,897,764.3 

U.S. COAST AND GEODETIC SURVEY. 

+1 415 681.2 
4-1'301' 491.6 
4-1' 187) 770.5 
$1: 074: 426.3 

i-961, 388.4 

GNOMONIC PROJECTION TABLE-Continued. 
[Oenter of projection is in latitude 40". Middle longitude for the United States is 96" West.] 

1,930, OGG. 7 
1 962 301.2 
1: 994: 507.7 
2,020,705.6 
2,058,914.7 
2,091,154.5 
2,123,444.9 
2,155,805.6 
2,188.256.8 
2,220,818.5 
2,253,511.4 
2,288,356.2 
2,319,374.3 
2,352,687.2 
2,386,017.2 
2,419,886.9 
2,453,619.8 
2 487 839.6 
2) 62; 371.2 2: 557: 240.4 
2 592 473.6 

628' 098.4 
2) 664' 143.5 
2: 700: 638.6 

- 
Longitude 27' 

$848, 586.9 
+735 952. 6 
$623: 416.5 
+510,910. 1 
$398,304.7 
$285,711.8 
+172,882.3 
+59,807.0 
-53,584.1 

-187,361.8 
-281.597. 7 
-398,364.6 
-511,738.8 
-627, 789.8 
-744, 601. 2 
-862,250.3 
-980,818.6 

-1 100 389.9 
-1' 221'051.1 
-1: 342: 891.5 
-1 486 003.9 
-1' 596 484.6 
-1: 716: 433.7 
-1,843,955.4 

- 
Longitude 2Go 

61 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
49 .____ _ _ _ _ _ _ _ _ _ _  _ _  
48 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
47 _____________.___ 
46 .________________ 

46 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
44 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
43 _________--------  
42 __.______________ 
41 .________________ 

40 _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  
3g _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
38 .________________ 
37 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3G _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
35 .________________ 
34 _._______________ 
33 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
32 _._______ ~ _ _ _ _ _ _ _  
31 .________________ 

X 

Meters 
2,034,480.4 
2. (173,595.8 
2,112,556.4 
2,151,387.6 
2,190,113.1 
2,228,757.0 
2,287,343.0 
2,305.894.8 
2,344,435.8 
2,382,989.5 
2,421,679.4 
2,460,229.2 
2,498,902. 6 
2,537,803.6 
2,678,776.2 
2,815,905.2 
2,655,215.6 
2,694,732.4 
2,734,481.9 
2,774,4W.G 
2,814,785.3 

._----.-_.__- 
2 228 483.1 
2'270'720 7 2' 312' 851: 9 
2: 354: 882.8 
2,306,839.3 

_ _ _ _ _ _ _ _ _ _ _ _ _  
4-1 587 850. E 
+1'473'083 E 
4-1'366 457: I 
+1: 247: 201.0 
$1,134,145.3 

2,438,747.1 
2,480,631.9 
2,522,519.0 
2,5G4,434.2 
2,008,402.9 
2,848,450.9 
2. GOO, 604.2 
2,732,888.8 
2,775,331.4 
2,817.958.8 
2,860,798.6 
2,903,878.2 

------------- 

$1,021,220.7 
+ma, 368.4 
+796,489. E 
+882,645.3 
$669, 456.7 
+458,164.4 
$342,508. E 
$228,1328. C 
$114,283.1 

-800.4 
- 116,035.5 
-232,118. C 

.----.____________________ 
__- - - - -___________________  
__------_____.____________ 

--_-_--__-__. __---------.-.-__________. -_------_----.___________. 

50 .________________ 
40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
48 .________________ 
47 ___. ~ _ _ _ _ _ _ _  ~ _ _ _ _  
48 _______________._ 

46 _._____.________. 
44 -.......--. _ _ _ _  _ _  
43 ._________ ~ _ _ _ _ _ _  
42 _._______________ 
4L.. _ _ _ _ _  ~ _ _ _ _  -. . - 
40 .__.._________.__ 
39 ___.____ _ _ _ _ _  _ _ _ _  

Meters Meters 
2,384,786. 1 +1,655,300.1 
2 430 456.3 +l 541,595.9 
2: 470: 006.7 +1: 428,100. 1 
2,521,165.4 +1,315,012.6 
2,586,864.2 $1, W1,994.0 
2, 812,219.1 $1,089,065.1 
2 057 669. 5 +970,157.2 
2: 702: 939.1 +803,201.3 
2,748,355.7 +75o,l28.6 
2,7'J3,847.0 +CX36, 869. g 
2,839.441.0 +573,355.5 
2,885,lW.O $40O.516.1 

Longitude 25' Longitude 24' 
Latitude 
(degrees) Y X Y X 

Meters 

1,809,414.6 
1,843,776.3 
I, 877,986. 7 
I, 012,007.5 
1, 940,040. 1 
1,979,925.6 

. - - - - - - -. 

Y 

Meters - _ - _ _ _ _ _ _  
-1,555,972.4 
-1,441,332.8 
-1,327, 198.0 
-1,213,495. 7 
-1, 100, 154.3 
+987,103.6 

X 

Meters 

1,884, 147.7 
1, 9z0, 070.2 
1,955,839. 7 
1,001,479.0 
2,027,010.4 

. . - - - - -. -. -,  

2,002,455.8 

Meter8 
1 701 960.8 
1: 734: 954.1 

Meters 
+1,645,637.6 
,+1,530,351.9 

Meters 

-1.582.772.8 
.__---_____. 

Meters 

1,959,165.4 
_-.______._ 

-1,468, 190.7 
-1,354,098.1 
-1, 240,417. 2 
-1, 127,082.8 
-1,014,022.3 

+OOl, 108. 3 
3-788 445.5 
+875: 701. 2 
+GG3,134.6 
$450,407.0 
+337 539 8 
4-224' 483: 6 
$111: 108. 8 

-2,595.3 
-116,719.4 

tl,496,252.3 
f l ,  382,204. 1 
t l  268 554.0 
4-1' 155' 230.8 
f l : 0 4 ~ 1 6 4 . 6  

$929, 285.6 
+816,624.6 
+703,813.0 
+591,082.2 
$478,263.2 
+365,287.3 
+252,084.9 
+138,586.3 
+24,720.9 
-89,582.9 

1,013,744.8 
2,047,518.7 

2, 115,012.6 
1,148,773.8 

2,081. ui7.8 

$674,273.6 
+781,595.1 
+a48 999.4 
4-536' 417 8 
$423: 7si. e 

2,097,837. 1 
2,133,176.0 
2,168,494. 1 
2,203,812.9 
2,239,163.9 
2,274,638.8 
2,309,089. 1 
2,345,628.8 
2,381, 174.0 
2,418,952.9 

2,182,363. 1 
2,219,204.2 
2,256,200. 1 
2,293, 130.3 
2,330,080.4 
2,387.081.0 
2, 404, 157. 6 
2,441,330.2 
2,478,623.1 
2,516,059.6 

$311 022 1 
+19d 070: 3 
$84: 856.7 
-28,089.0 

-142,637. 6 
-2.67. mi R 2,452,886.2 

2,488,997.0 
2,625,308.7 
2,661,846.4 
2,598,631.7 

-231,338.2 
-348,519.0 
-462,342.8 
-578,884.2 
-890, 231.5 

-204,397.8 
-319,797.5 
-435,867.6 
-552,654.9 
-670,268.4 

-i7<033: 6 
-487,627.5 
-603, 9m. 7 
-720.690.5 
-838,916.9 
-957,782.0 

-1,077,670. 2 
-1,198,669. 1 
-1,320,808.7 

2,635,692.7 
2,673,054.4 
2,710. 743. 6 
2,748,787.6 
2,787,215.3 
2,826,056.2 
2,865,341. 1 
2,905,101.9 
2,945,372. 1 

-814,435.2 
-033,008. U 

-1,053,825.3 
-1, 175,174.9 
-1,297,748. U 

2,745,057.9 
2,784.193.3 
2,823,678. 1 
2,863,641.2 
2,003,813.0 

-788,779.2 
-908,270.0 

-1,028,828.6 
-1, 150,542. 1 
-1,273,602.9 
-1,397,806.4 
.___.___.___- 
.________.._- 
..___.-____-- 

2,708,725.4 
2,746,1582 
2, 784,O.W. 4 
2,822,397.6 

-1,444,362.7 
-1,509,246. 2 
-1,695,628.4 
-1,823,602, 8 

-1,421,039.1 
-1,646,946.1 
-1,073,771. (i 
-1,802,221.6 

- 
Longitude 28" Longitude 2 9 O  Longitudo 31" Longitude 30" 

Latitude 
(degrees) I X Y Y Y X 

Meters Meters 
2 110 105.2 
2: 150: 854.6 
2, 101,450.0 
2,231,916.9 
2,272,280.6 
2.312.585.8 

Meters 
-1,670,429.4 
-1,658,062.3 
-1,442, 127.3 
-1,328,552.7 
-1,215,267. 0 
-1,102.203.5 

Meters 
-1,839, 983.0 
-1,526,636.4 
-1,411,541.2 
-1,297,925.0 
-1,18l,618.9 
-1,071.551.0 

Meters 

.I, 820.022.3 

.1,507. 133.0 

.1,393, 601. 6 
1,280,440.0 

.1,187,400.3 

.1,054,470.5 
+041,682.7 
$828,608.1 
+715,857.9 
+002,482.8 
+489,073.5 
+375,359.9 
+281,271.1 
4-140, 735.4 

_ _  

. - - - - - - - 
- ._ - - _ _  - - - - - - - 

- - - - - - - - - - -. 
2,308,435.5 
2,350,384.2 
2,394,209.4 
2,437,938.1 
2,481,697.3 

2,352,797.4 
2,392,999.9 
2,453, 197.7 
2,473,415.6 
2,513,877.8 
2 654,009.1 

2,634,978.7 
2,075,667.3 
2,716,526.0 
2,757,680.0 
2 708 868.6 
2: 840: 386.2 
2 882 191.7 

2: 594,434.4 

2: 924: 303.5 

+958,852.4 
+845,854.2 
+733,087.4 
+azo, 283.6 
+507,373.6 
+394,286.6 
+280,958.9 
+187,314.6 
+63,284.7 
-61,202.0 

$889,289.6 
+876,467.4 
+783,638.0 
+650,762.7 
$537,7627 
$424,508.7 
+311,111.1 
$197,319.5 
+83,122.8 
-31,551.2 

-170,220.2 
-291,842.4 
-408,145.1 
-525,205.8 
-643,104.0 
-781.921.3 
-881,741.9 

-1,002, 652.4 

-148,775.8 
-282,626.7 
-379,177.2 
-496,508.4 
-614,890.4 

30 .________________ 1 2,855,394.3 
29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,896,346.1 
28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 2,037,670.4 

Longitudo 36' Longitude 33O 

X I Y  

Longitude 32' 
Latitude 
(degrees) x I P 

Meters 1 Meters Meters 1 Meters Meters Meters 
2,463,529.0 4-1, 601,007.3 
2 510 953.4 f l  577 399 E 
2'558'281 0 +1'404'007:C 2' 805'483: 8 +1' 350' 941.1 
2: 652: 648. 0 +1: 237: 953. C 

_________________________. 
2,601,891.8 +1,614, 668. 1 
2,040,902. 1 $1,601,320.4 
2,690,013.0 +1,388,256. 
2,738,984. 5 i +1,275,305., 
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0 _ _ _ _  .. .- 
I . . -  -.... 
2 ______.. 
3 ._...__. 
4 __..__.. 
5 ____.... 

PARABOLIC EQUAL-AREA PROJECTION TABLE. 

The following table for the const,ruction of a parabolic equal-area projection for 
world or sectional mapping is computed by use of the authalic (or equal-area) lati- 
tude, the X and Y values being represented by centimeters when the ratio of area is 1 
to the square of 10,000,000. The use of uuthalic latitude takes into consideration the 
ellipsoidal shape of the earth, and hence gives results of greater precision. The table 
is computed for intervals of one degree. 

A map of Pan-America, scale 1:10,000,000, has been constructed by the Carnegie 
Institution, department of genetics, by the use of this table. 

The table given on page 168 was computed for a mean sphere and for 5-acgree 

em. 
100.0754 
100.0820 
100.0215 
00.0545 
09.8006 
00.7397 

intervals only. 
_____ 

z coordinate 
___ -~ - 

0 --.... .. 
7 _ _ _ _  .... 
8 __...__. 

lo.-. --.. 
0 ____.... 

-- I 

09.5022 
00.4175 
00.2103 

08.7335 
on. UMBM 

11- ___. .. 
12 ____._. 
I 3  _____.. 

15- -.-... 

10 .___-.. 
17 ___._.. 
18 -...-.. 
10 ___..__ 
20 ____... 

14 

08.4524 
08.1445 
07.8007 

07.0005 

00. 0402 
00. 2055 
!l5.7383 
05.2440 
04.7248 

07.4484 

21 __.__.. 
22 _____.. 
23 ____... 
24 .___... 
25 -...... 

04.1788 
03.COFl3 
03.00n1 
02.3834 
91.7328 

20 .._..__ 
27 --.. . .. 
28 --..-.. 
20 . ~ .  
30. -.. . .. 

01.050C 
00.354F 
80. 026I 
88.87X 
88.004( 

31 .__..__ 
:i2 .--.... 
33 .._.___ 
34 ___..__ 
3R- ... -.. 

em. 
30.7100 
30.7080 
50. 0810 
lo. 0303 
io. 5737 
50.4031 

80. 3048 
00. 2783 
80. 1442 
86.0025 
85.8225 

05.0340 
05.4207 
05.2065 
04.0050 
64.7070 

04.4308 
04. 1370 
03.8255 
03.4004 
03.1408 

02.7859 
82.4042 
02.0054 
GI. 5880 
01.1553 

00.7044 
00. 2303 
59.7510 
60.2487 
58.7203 

68.1920 
67.0300 
57. 0805 
56.4826 
55.8788 

55.258C 
54. 0217 
53.0084 
53.2087 
62.012f 

5l.0107 
51. 10It 
50.4574 
40. 7071 
4x. 040; 

87.2804 
80. 4694 
85.004: 
84.723; 
83. 818' 

n cent1 

30' 

30 _._._.. 
37 ....-.. 
38. _.___. 
38 .._.___ 
40 --... .. 

em. 
13.3585 
13.3540 
13.3405 
13.3182 
13. 2800 
13. 2400 

13. 1074 
13. 1392 
13.0721 
12.0003 
12.0113 

3z.ni76 
32.7148 
32.0032 
12.4828 
32.3535 

32.2154 
32.008t 
31.0126 
31.74% 
31.5741 

31.392C 
31.2021 
31.002; 
30.704! 
30.577( 

30. 3525 

20.8751 
20. 024: 
20.304; 

20. we! 
28.8101 
28.5341 

27.030! 

27.020: 
27.31M 
20.084: 
20. 049, 
28.300: 

25.055 
25.50w 
25. 2% 
24.853. 
24.470: 

30. iix: 

28.241: 

82.887! 
81.932f 
80. 052( 
70.948: 
78.01B 

meridi 

50 

em. 
5. GG07 
5.6500 
5.5508 
5.5530 
5.5478 
5.5411 

6.5320 
5.5232 
6.5120 
5.4004 
5.4852 

6.4000 
6.4625 
5.4330 
5.4138 
5.3923 

5.3002 
5.3448 
5.3188 
5.2014 
5.2025 

5.7.322 
5.2004 
5.1071 
5.1324 
5.0803 

5.0587 
5.0107 
4.0703 
4.0874 
4.8U41 

4.8404 
4.8033 
4.7558 
4.7000 
4.0500 

4.0040 
4.5518 
4.4074 
4.4410 
4.3844 

4. 2tioa 
4.3259 

4. 2048 
4. 1423 
4.0784 

10 

em. 
, 1110 
,1118 
. I113  
,1100 . I080 
,1082 

I. 1060 
I. 1040 
I. 1024 
I. 0899 
I. 0870 

L. 0030 
I. 0005 
I. OR08 
I .  0828 
1.0784 

1.0738 
1.0080 
I. 0038 
I. 0583 
1.0525 

1. 0404 
I .  0401 
1.0334 
1.0265 
1.0103 

1.0117 
1.0030 
0. 9058 
0. on75 
0.07xn 

0. oaoo 

0. 0414 

0. ozia 

0. 8 7 ~  

0.9007 
0.0512 

0. 0313 

0.0104 
0. ROOE 
0. HXX3 

0.8055 
0.8532 
0.841C 

0.8157 
0. 8281 

00' 
- 
em. 

8.1580 
17.3008 
10. 6474 

(4.8743 

14.0148 
13. 1401 
L2. 2504 
11.3450 
LO. 4204 

19.4923 
18.6430 
17.5804 
16. 0030 
15.6114 

34.0057 
33.5802 
32.5527 
31,5058 
30. 4453 

28.3714 
28.2841 
27. 184C 
28. 070s 
24.0451 

23. 8Wi 
22.0555 
21.402f 
20.3171 
10. 13N 

17.030k 
IF. 72N 
15.4W 
14.204: 
13.010! 

11.703c 
10.497! 
0.220! 
7.033( 
0.035' 

5.327: 
4.010: 
2.082 
I .  340 
0. OOOI 

15.71n5 

__ 

1 ceutr 

300 

rm. 
4.0703 
3.6804 
:3. 2737 
2.8592 
:2.4335 

12.0074 
!I. 5701 
!I. 1252 
10. 0729 
10.2132 

9.7402 
0.2718 
8.7902 

.7.8057 

,7.3020 
10. 7931 
10. 2704 
16. 7520 
15.2220 

14.0857 
14.1421 
13.5920 
IS. 0355 
12.4720 

It. 0033 
11.3270 
IO. 7463 

0.6050 

8.9054 
8. 30W 
7.7480 
7.1322 
0.6008 

5. R8Z 
5. 2481 
4.0103 
3. IlOOI 
3.3177 

2.0031 
2.0051 
1.3414 
0. 073L 
0. OrHK 

8. 3015 

in. 1580 

niorid 

50 

em. 
L. 0132 
1.0407 
1.8780 
1.80I)R %. 7305 

3.0870 
3.5950 
3,5208 
3.4455 
3 . 3 w  

1.2010 
3,2120 
3.1317 
3.0503 
2.0076 

2. 8838 
2.7089 
2.7127 
2.0255 
2.5371 

2.4470 
2.3670 
2.2053 
2.1720 
2.0788 

1.0830 
I .  BX80 
1.701U 
1.0031 
1.5042 
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TABLE OF LAGRANGE'S PROJECTION OF THE SPHERE WITHIN A CIRCLE 
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