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PREFACE. 

In this publication it has been the aim of the authors to present in simple form 
some of tho ideas that lie at 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 tho practical con- 
struction of such a projection. 

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

Some ideas and principles lying a t  the foundation of tho subject, both the- 
oretical and practical, are from the very nature of the casc somewhat complicated, 
and it is n difficult matter to state them in simple manncr. The theory forms an 
important pnrt of the differential goometry of surfaccs, and it can only be fully 
apprcciated 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 char notion 
of what is meant by a map projection and enough directions for the construction can 
be given to aid one in the practical developrncnt of men the more comp1icntc.d 
projections. 

It is hoped that this publication may meet tlie mods of pcoplc dong both 
of the lines indicated above and that it may be found of some intcrcst to those who 
may-already have a thorough grasp of tho subject as a whole. 

, 

PREFACE TO FOURTH EDITION. 

In this edition there has been added a r6sum6 of the systems of map projection 
which arc of special interest in problems of the present day. Tables for tho gnomonic 
projection of a map of the United States have also been added, the center of the pro- 
jection or poipt of tangency beipg in latitude 40°, and the middle longitude recom- 
mended being 96O west. The intervals of the projection are given for every degree. 
A new table for.the construction of a parabolic equal-area projection for world or 
sectional mapping is given. As this table is based on the authdic (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 sphere1within the area inclosed 
by ~1 two-cusped epicycloid, the other, a projection by Lagrange showing the earth’s 
surface within a circlc with center on the Equator, the variations being most con- 
spicuous in the polar regions. 
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ELEMENTS OF MAP PROJECTIONS WITH APPLICATIONS TO 
MAP AND CHART CONSTRUCTION. 

By CHARLES 13. DEETZ, Senior Cartographic Engineer, mid Oscm S. ADAMS, Senior Maihemaiician. 

PART I .  
GENERAL STATEMENT.* 

Whatovcr may be tho dcstiny of man in thc agcs to come, it is certain that for 
the presclnt his sphero of activity is rilstrictcd to the outsido sholl of ono of tho 
smaller planots of tho solar system-a system which after all is by no means tho 
largest in tho vast univorso of spaco. By the us0 of tho iinagination and of the 
intellect with which he is cndowcd he may soar into sprtco and investigate, with 
more or JPSS certainty, domains far removed from his pwsent habitat; but as rognrda 
his actual prcscncc, ho can not lonw, exccpt by insignificant distanccs, the outside 
crust of this small earth upon which he has been born, and which has formed in 
the past, and must still form, tho thctntc!r upon which his nctivitirs arc displayod. 

The connection between man nnd his immedinte terrestrial surroundings is there- 
fore very intimate, nnd the configuration of the surface featurcs of the earth would 
thus soon attract his attention. It is only reasonablc to suppose that, cren in the 
most remote ages of tho history of tho human raco, attempts were made, however 
crude they may havo been, to depict thcso in some rough manner. No doubt these 
first nttempts a t  roprescntation were scratched upon the sides of rocks ttnd upon the 
walls of the cave dwellings of our primitive forefathom. It is well, then, in the light 
of prcscnt knowledge, to  consider thc structure of the framework upon which this 
representation is to be built. At best we can only partinlly succccd in any nttcmpt 
a t  representation, but tho recognition of thc possibilities and tho limitations will serve 
as valuable aids in the consideration of any specific problem. 

Wo mny reasonably assumo that tho earliest cartographical reproscn tations con- 
sisted of maps nnd plans of comparatively small areas, constructod to meet some 
nced of tho times, and i t  would be later on that any attempt would be made to 
ox tend the representation to more ex towive regions. In  theso early times map mak- 
ing, like every other science or art, wns in its infnncy, and probably the first attempts 
of tho kind were not what WQ should now call plans or maps at 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 oarth’s surface. To roprosont these 
features in plan form, with the eye vertically over tho various objecb, although of 
very early origin, was most likely a later development; but we are now never likely 
t o  know who started the idea, since, as we have seen, i t  dates back fn r  into antiquity. 

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

1 Pnrsphresed from “ M a i ) ~  utid .Mapmaking,” by E. A. Rwvar, 1,onrloil. 1010. 
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to remind ourselves occasionully, yet i t  is, a t  any rate, a very important part of it, 
and i t  is, in fact, the foundation upon wbich all other branches must necessarily 
depend. If  we wish to study the structure of any region we must ham a good map 
of it upon which the various land forms can be shown. If wo desire to represent the 
distribution of the races of mankind, or any other natural phcnornenon, i t  is essen- 
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 knowledge of the cssential qualities inherent 
in the various map structures or frameworks is highly desirdble, and in any cnsc the 
makers of maps should have a thorough grasp of the properties and limitations of 
the various systems of projection. 

-.-. . 
.-*- -.-- . . ~ 



ANALYSIS OF THE BASIC ELEMENTS OF MAP PROJECTION.'" 
PROBLEM TO BE SOLVED. 

A ma is a small-scale, flat-surface represcntation of some portion of tho sur- 

our ideas with regard to the relativo nreas of the various portions of the carth's 
surface are in general derived from this source. The shape of tho land masses and 
their positions with respect to one nnother aro things about which our idens are 
influenced by the way these features are shown on the mnps with which we become 
f amilinr . 

irregular spheroid, with the polar diameter about 26 miles shorter than the oquatorial. 
The spheroid adopted for geodetic purposes is an ellipsoid of revolution formed by 
re~olving an ellipse about its shorter axis. For the purpose of the present discussion 
the earth may be considered ns n sphere, bccausc the irregularities nrc very small 
comparcd with the great size of the earth. If the earth were represented by a 
spheroid with an equatorial diameter of 25 feot, the polar diameter would bo approxi- 
mately 24 feet 11 inches. 

face of + t o earth. Nearly every person from timo to time makes use of maps, and 

I t  is fully established to-day that the shape of the earth is that of a slightly ,' 

.- 

FIG. I .--Conical Burface cut from base t o  apex. 

The problem presented ill map making is the question of roproscntiiig the sur- 
face of tho sphere upon a plane. It roquiros some thought to arrivo n t  a proper 
appreciation of the dificultics that havo to  bo overcome, or rather that  hnvo to be 
dealt with and among which there must always bo a compromise; that is, a little of 
ono dosirable property must be sacrificed to attain a little more of some other special 
featurc. 

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 n cap of orange peel or a portion of a hollow rubber ball; tho outer part must 
be stretchod or torn, or gonerally both, boforo the central part will come into tho 
plane with tho outor part. This is exactly tho difficulty that has to be contended 
with in map making. Thero aro somo surfaces, howovor, that can be spread out in 
a plniie without any stretching or teariig. Such surfaces al.s-_called developablo 
sudaces and those like the %hero ur$.:p.,c-&,llcd nondovolopable. The cone and the 

- 
I o  Some of the elementary text in Part I and a number of the illustrations were adapted from a publication issued by 0. Philip 

& Eon (Ltd.), of London, Englnnd. Tho work Is entlt1ed"A Llttle Book on Map Projection," and Ita author Is U'llllnm Qornett 
writlng under the pseudonym of Mary Adams. M'o wlsh to aoknowledge our Indebtedness to thls wort  which sets forth tn simple 
lllustrations some of the fundamental fscts In regard to map constructlon. 
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cylinder are the two well-known surfaces that are developable. If a cone of revo- 
htion, or a right circular cone as it is called, is formed of thin material like paper 

Fro. 2.-Thvelopment of the conical Rurface. 

arid if i t  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 esactly tlie same length 
after development that it had before. In tho same way, if n cylindrical surface is 

FIG. :L--Cyliudrical aurfacc cut from baea to bme. 

cut from hnse to base thc wholo surface cnn h? rolled out in the plane, if the surface 
consists of thin pliable msterinl. In this case also there is no 
stretching or tearing of any part of the surface. Attention is callcd to the develop- 
nble property of theso 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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FIG; 4.-Development of the cylindrical enrface. 

REFERENCE POINTS ON THE SPHERE. 

-1 sphoro is such that any point of i t  is exactly liko any other point; thoro is 
lioithor boginning nor onding as far as difforentiatioii of points is concornod. On tho 
earth i t  is nocossary to have somo points or linos of roforcnco so that other points 
may bo locatrd with regard to them. Places on tho oarth aro located by latitude 
and longitude, and it may bo well to explain how tliosc qumtities are related to the 
terrestrial sphere. The earth sphoro rotatos on its asis onco R day, and this axis 
is thoroforo a dofinito lino that is difforent from ovory othor dimetor. Tho onds of 
this diamotor aro callod the polos,'one tho North Polo and tho other the South Pole. 
With theso RS starting points, the sphoro is supposed to bo divided into two oqual 
parts or hornisphoros by a plano porpendicular $0 tho axis midway botwoon tho poles. 
Tho circle formod by the intorsoction of this plano with tho surface of tho earth is 
called tho Equator. Since this Zinc is dofinod with roferenco to tho poles, it  is a 
dohi to  line upon tho oarth. All circles upon tho aarth which divido it into two 
equal parts are callod groat circles, and tho Equator, thoroforo, is a groat circle. 
It is customary to divido tho circln into four quadrants and oach of theso into 90 
q u a l  parts callod dogreos. There is no reason why tho quadrant should not be 
dividotl into 100 oqual parts, and in fact this division is somotinios usod, oath part, 
being then callod a grado. In this country tho division of tho quadrant into 00' is 
&nost universally usod; and accordingly tho Equator is divided into 360'. 

After tho Equator is thus dividod into 360°, thoro is dificulty in that thoro is 
no point at  which to  bogin tho couht; that is, thoro is no dofinito point to count as 
Zero or as the origin or reckoning. This difficulty is met by tho arbitrary choice 
of solno point the significance of which will be indicated aftor some preliminary 
explanations. 

Any number of great circles can bo drawn through the two poles and each one of 
them will cut the Equator into two equal parts. Each one of these groat circles 
may bo dividod into 360°, and thoro will thus bo 90' bctweoii tho Equator and oach 
pole on each sido. Theso aro usually numborod from 0' to 90' from tho Equator to 
tho polo, tho Equator boing 0' and the pole 90'. Thoso groat circles through the 
poles aro called moridians. Let us S U ~ ~ O S Q  now that w0 tako a point on one of 
theso 30' north of tho Equator. Through this point pass a plane porpendicular 

. 
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to the axis, and henm parallol to the plano of the Equator. This plans will intersect 
tho surface of the oarth in a small circle, which is called a parallel of latitude, this 
particular one boing tho parallel of 30° north latitude. Evory point on this parallel 
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 these small circlos cuts the sphere, not, into two equal parts, but into two 
unequal parts. These parallels are drawn for every loc, or for any regular interval 
that may be selected, depending on tho scalo of the sphere that represents the earth. 
The point to  bear in mind is that the Equator was drawn as tho great circle midway 
between the poles; that tho parallels were constructed with referenco to the Equator; 
and that therefore they are definite small circles referred to the poles. Nothing is 
arbitrary except thc way in which tho parallels of latitudo aro numbered. 

DETERMINATION OF LATITUDE. 

Tho latitudo of a place is dotermined simply in the following way: Very nearly 

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

in tho prolongation of the earth’s axis to  the north there happens to  be a star, to 
which tho name polestar has been given. If onu were a t  the North Polo, this star 
would appear to him to be directly overhead. Again, supposo n person to  be at  
the Equator, then the star would appear to  him to bo on the horizon, levo1 with his 
eye. It might be thought that i t  would bo below his eye because i t  is in line with 
the earth's axis, 4,000 milos beneath his foot, but the distance of the star is so enormou9 
that tho radius of the earth is exceedingly small as compared with it. All lines to 
the star from difFerent points on the earth appear to be parallel. 
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Supposo a person to be tit A (sco fig. 5) ,  one-third of tho distanco between the 
Equatdr uiid tho North Polo, the line U G  will appeur to him to be horizontal and he 
will sou tho star one-third of tho way up from the horizon to the point in  tho hcavons 
diroctly overheatl. It is 
now seen that the latitudk of any placo is the same as tho height of the polostar 
above the horizon. Most pooplo who havo travelod have noticod that as thoy go 
south the polostar night by night appears lower in the heavens and gradually dis- 
tippears, while tho Southorn Cross gradually comes into view. 

At sea the latitudo is dotormined every day a t  noon by an observation of the 
sun, but this is bocauso the sun is brighter and more easily observed. Its distance 
from tho polo, which varios throughout tho year, is tabulated for each day in a book 
callod tho Nautical Almanac. Whon, thorefore, an obsorvation of tho sun is niado, 
its polar distanco is allowed for, and thus tho latitudo of the ship is tlctcrminod by 
tho height of the pole in tho heavens. Even tho star itsclf is directly obsorvocl upon 
from time to t h o .  If 
tho star is one-third of tho way up, ineasurcd from the horizon toward the zonith, 
then the point of obsorvution is ono-third of tho way up from tho Equator toward 
the pole, and nothing can alter this fact. By polestar, in the previous discussion, 
is really mennt the true celestial pole; that is, the point a t  which the prolongation 
of the earth's RXIS pierces tho cclestial sphere. Corrcctions must be made to the 
observations on the stcr to reduce them to this truc pole. I n  the Southern Hemis- 
phere latitudes arc r:lated in a similar way to the southern pole. 

Strictly spcuking, this is what is called the iistroiiomical lntitudo of a place. 
Thoro are othcr lutitudcs which differ slightly from that described above, partly 
becauso the earth is not 21 sphcrc and partly on account of loci11 attractions, but 
tho abovc-dcscri\)od la titudo is not only tho onc atloptcd hi nll gcnornl trcatiscs hut 
i t  is nlso tho onc omploycd 071 all gencral maps m i d  chnrts, nnd it is tlic lutitude 
b j  which 1111 nnvigation is conducted; and if wo 11ssum~ thr earth tc~ bo n homogenc- 
011s sphcrc., i t  is tho only lntitudo. 

This point in tho line of the vortical is callod thc zenith. 

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

DETERMINATION OF LONGITUDE. 

'I'his, howcwr, fixes oiily the parah1  of lutitutlc on wliicli 11 plncc is situated. 
If i t  5c found that tho I n  titudo of one plnco is 10" north nntl that of anothcr 20' north, 
then the second place is 10" north of the first, but as yct w I i n w  110 mctins of sliowing 
whether i t  is cnst or west of it .  

If u t  somo point on the earth's surface u pcrpendiculnr polc is trected, its slindow 
in thc morning will bo on the west side of i t  and in the evening on the cast side of it 
At a certain moment during tho day the shadow will lie due north and south. The 
moment a t  which this occurs is callod noon, and it will bo tho same for a11 points 
exactly north or south of the givon point. A great circle passing through the pole2 
of tho earth and through tho given point is called a meridian (from meridies, midday), 
and it is therefora 110011 a t  tho same momcnt a t  all points on this meridian. Let us 
suppose that a chronomcter keeping correct time is set a t  noon at a given pluce 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  tho samo moment, tho diirerenco of 
time will bo proportional to tho part of tho earth's circumference to the east or west 
that  )ins been passed over. Suppose that tho chronometer shows 3 o'clock whenit 
is nooil tLt tho plnco of arrival, then tho meridian through tho now point is situated 
one-eighth of the way around the world to the westward from tho first point. This 
diflerence is II definite quantity niid has nothing arbitrary about it, but  i t  would be 
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exceedingly inconvenient to have to work simply with differ6ms between the 
various places, and all would be chaos and confusion unless some place were agreed 
upon as the starting point. Tho need of an origin of reckoning waa 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 
mako 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. In  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 meridinn is 
sometimes called the prime meridinn, or the first meridian, but this nomenclaturo 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 at  
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 i e  24 hours, but there 
are 360' in the entire circumference. This description of the method of detcrmming 
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 considcrable difficulty and the longitudes of the principal 
observatories have not even yet been determined with sufficient degree of accuracy 
for certain ddicate obscrvntims. 

PLOTTlZllG POINTS BY LA'RTUDE AND LONGITUDE ON A GLOBE. 

If a glob; liiis tlic circles of latitude and longitude drawii upon i t  according to 
the principles described abovc and the lstitiidc and longitudo of certnin places hnro 
been determined by observation, these points cnn be plotted upon tho globe in tlicir 
proper positions and thc detail can bc: filled in by ordinary surveying, the dctnil 
beilig referred to the accurately determined points. In this wny a glohc can be 
formed thnt is in appct~rance a small-scale copy of the sphcricnl oarth. This copy 
will \>e more or less accurate, depending upon the iimber and distribution of tho 
accurntclv located points. 

PLOTTING POINTS BY LATITUDE AND LONGITUDE ON A PLANE MAP. 

If, il l  tlic stirnc way, lines to reprwcnt lntitude ~ t n d  longituclc bo tlruwn on a 
plane sheet of paper, the places can bo plotted with reference to theso lines and the 
detail filled in hy surveying as before. The art of making miips consists, in the first 
place, in constructing the lines to represent latitude and longitude, either as nearly 
like the lines on tho globe ts possible when transferred from a nondovclopable 
s d a c o  to R flat surface, or else in such a way that soma one property o€ the lines 
will bo retained a t  the expense of others. I t  would be practically impossiblo to 
transfer the irregular coast lines from a globe to a map; but i t  ig comparatively 
easy to transfer the regular lilies representing latitude and lougitude. It is possiblo 
to lay down on a map the lines representing the parallels m d  meridians OR a globe 
many fcct in diameter. These lines of latitude and longitudo may bo laid down for 
every IOo, for svery degree, or for any other regular intorvd either greater or smdler. 
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In  any case, tho 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 
bo copied even on another kind of projection, care being taken that tho latitude rind 
longitude of every point is kept correct on the copy. I t  is evident that if the 
lincs of latitude and longitude can not be laid down correctly upon a plane surface, 
still less can tho detail be laid down on such a surface without distortions. 

Since tho earth is such a largo sphero 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 m o u n t  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 largo number of these maps have been made it will be found 
that they can not bo joincd together so as to lie flat. If they are carefully joined 
along the edges it will bo 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 tho lines of latitude and longitude, and the various maps are copied 
so as to fill tho space allotted to them on this larger sheet. Somctimes this can be 
done by a simple reduction which does not affect. thc accuracy, since the accuracy 
of a map is independent of the scale. Tn most cnsos, however, the reduction will 
have to be unequal in different direct>ions and sometimes the map has to be twisted 
to fit into the space allotted to it. 

In  the 
first plnco, correct maps of small areas must be made, which may bo callod survoy- 
ing; and in tho second place these small maps must bo fitted into a system of lines 
representing tho meridians and pnrdlels. This graticule of the orderly arrange- 
ment of linos on the plum to represont tho  meridians and pwallols of tho earth is 
called a map projection. A discussion of tlie various ways in which this graticule 
of lines may bo constructed 'so as to represent the meridians and parallels of tho earth 
and at the same timo so as to presorvo some dosired fcaturo in the map is called a 
treatise on map projections. 

The work of making maps therefore consists of two separato procosses. 

HOW TO DRAW A STRAIGET LINE. 

Few people realize how diEcult if is to draw n porfectly str@ght line when no 
straightedge is available. Whon 11 strajghtedgo is usod to draw n straight linc, a 
copy is really made of u straight line that is ulroudy in csistonco. A strnight line 
is such that if any part of it is laid upon any othcr part so thnt two points of tho 
ono purt coincido with two points of tho &or tho two p u t s  will coincido through- 
out. Tho parts must coincide when put togother in m y  way, for  nn arc of a circle 
can bo made to coincide with m y  other part of the same ckcumferenco if tho arcs 
are brought together in a certain way. A ctlrponter solves the problem of joining 
two points by u straight line by stretching a chalk line between them. Whon the 
line is taut, he raises i t  slightly in the middle portion and suddenly releases it. Some 
of tho powdered chalk flies off and leavos (I faint mark on the line joining tho points. 
This doponds upon the principle that u stretched string tends to bocomo as short 
u9 possible unless some other force is acting upon it than the tension in tlio direction 
of its length. This is not a vory satisfactory solution, howurer, since the chalk 
makos a line of considerable width, and the line will not bo perfectly straight unless 
sxtra procautions are taken. , 
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A straightedge can be made by clamping two thin boards together and by 
planing the 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 
be both convex, or both concave. They must both be alike; that is, one can not 
be convex and the other concave a t  any given point. By unclamping them it can 
be seen whether the planed edges fit exactly when placed together, or whether they 
need 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 wit11 
sufkient patience, a straightedge can bo made in this way. In  practice, of course, 
a straightedge in process of construction is tested by one that has already been made. 
Machines for  drawing straight lines can be constructed by linhwork, but they are 
seldom used in practice. 

(See fig. 6.) 

FIG. G.--Construction o f  a straight cdgc. 

I t  is in any-case difficult to draw straight lines of very great longth. A straight 
line only 11 feM9 hundrod meters in length is not easy t o  construct. For wry  long 
straight lines, tis in gunnery and surveying, sight lines nro taken; that is, use is 
mado of  tho fact that when tomperature and pressure conditions are uniform, light 
trnvels through space or in air, in straight lines. If three points, A ,  B ,  and C, am 
such that 13 appears to  coincide with C when looked nt  from A ,  then A,  B, and C 
are in a straight &ne. This principle is made use of in sighting a gun and in using 
the tolescope 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 murk fixed 
in the tolescope in the center of the field of view. When this is the cue,  the murk, 
the center of the object glass of the tolescope, and the distant object are in one 
straight line. A graduated scale on the mounting of the telescope enables us to 
determine the direction of tho line joining tho fised mark in the tolescope and the 
center of the object glnss. This direction is the direction of the distiint object as 
soen by the eyo, and it will bo dotermined 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 straightodgo is applied to a plano surface, it can bo turnad 
around, and it will in every position mincide throughout its entire length with the 
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surface. Just as a straighcedge can be used to test a plane, so, equally well, can 
a plane surface bo used to test a 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 thus a problem that is of very 
great practical importance in engineering. .A very much greater degree of accuracy 
is required than could be obtained by a straightedge applied to tho surface in dif- 
ferent directions. No straightedges in existence are as accurate us it is required 
that tho planes should be. Tho method employed is to mako throe planes and to 
test them against ono anothor two and two. The surfaces, having been mado as 
truly plane as ordinary tools could render them, aro scraped by hand tools and 
rul,bed togethor from timo to time with a little very fine rod load between them. 
Where they touch, tho red lead is rubbed off, and then the plates are scraped again 
to removo the little elevations thus revealed, and the process is continued until all 
the projecting points have been removed. If only two planes were worked together, 
one might be convex (rounded) and the other concavo (hollow), and if they had the 
same curvature they might still touch at all points and yot not bo plane; but if 
three surfaces, A ,  B, and C, are worlred togethor, and if A fits both B and C and 
A is conc~vc, then B and C must bo both convex, and thoy will not fit one another. 
If 13 and C both fit A and also fit one another oC all points, then all threo must be 
truly plant?. 

mien  an accurate plane-surface plato has once boon made, others can bo mado 
one at a time and tested by trying them on tho standard plate and moving them 
over tho surfaco with a little red lead between them. Whon two surface pliktes 
made as truly plane as possible are placod gently on one anothor without any red 
load betwoen them, tho upper plate will float almost without friction on a very thin 
layer of air, which takes n very long time to escapo from bctwccn the plates, because 
they are everywhere so very nonr together. 

ROW TO DRAW THE CIRCLES REPRESENTING MERlDIANS AND PARALLELS ON A SPHERE. 

We haw seen that it is difficult to  drcw a st,raight line and nlso diKcult to 
construct a plane surface with any degrco of c~ccuracy. The problem of constructing 
circleu upon a sphere is one that requires somo ingenuity if the resulting circles arc 
to be accurately drawn. If a hemispherical cup is constructed that just fits the 
sphero, two points on the rim oxactly opposite to one another may bc dcterrnined. 
(See fig. 7.) To do this is not so easy 11s it appears, if there is nothing to marl; the 
center of the cup. The diameter of the cup can bo measured and a circle citn be 
drawn on cardboard with the same diameter by tho uso of t L  compass. Tho center 
of t,his circle will bo marked on tho cardboard by the fixed leg of the compnss and 
with a straight edge a diameter can be drawn through this center. This circle cun 
then be cut out and fitted just inside the rim of the cup. The ends of the diameter 
drawn on the card then mark tho two points required on the odge of the cup. With 
some suitable tool a small notch can be made a t  each point on the edgo of the cup. 
Marks should then be made on tho odge of the cup for equal divisions of a semicircle. 
If it is desired to draw the parallels for every 10' of latitude, the semicircle must bo 
divided into 18 equal parts. This can bo done by dividing the cardboard circlo by 
means of a protractor and then by marking tho corrosponding points on the cdgo 
of tho cup. The sphero can now bo put into the cup and points on it miirked corre- 
sponding to tho two notches in the edge of tho cup. Pins can bo driven into those 
point,q and allowed to rest in tho notches. If the diameter 01 the cup is such that 

!)547A"--R4---2 
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the sphere just fits into it, it can be found whether the pins are exactly in tho 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 

Fro. 'i.--Constructing the circlw o i  paraIleIs and meridianH on a globe. 

and the other as thc South Pole. With a sharp pencil or with nn engraving tool 
circles can bo drawn on the sphere at the points of division on the cdgc of tho cup 
by turning the sphere on its axis while tho  pencil is held against the surfaco at the 
correct point. The circle midway between thc poles is a great circle and w i l l  repre- 
sent the Equator. Tho Equator is then numbered 0' and the other eight circles on 
either side of tho Equator are numbered IOo, 20°, etc. The poles themselves corre- 
spond to 90'. 

Now remove tho sphere and, after remo-hg ono of the pins, insert the sphere 
again in such a may that the Equator lies along tho edge of the cup. Marks can 
then bo made on the Equator corresponding to the marks on tho edge of the cup. 
In this wny 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 mcridians can be drawn along tho edge of tho cup through tho 
various marks on the Equator. These will be great circles passing though tlis poles. 
One of these circles is numbered 0" and the others IO", 20°, etc., both east and west 
of the zero meridian and extending to 180" in both directions. The one hundrcd 
and eightieth meridian will be the prolongation of tho zero meridian through the 
polo3 and will he tho same meridian for either cast or wd,. 

This sphere, with its two sets of circles, the meriaam and tho parallels, drawn 
upon it may now bo taken as a model of tho eart'h on which corresponding circles 
are supposed to bo d r a m .  When it is a question only of supposing tho circle? to 
he drawn, and not actually drawing them, i t  will cost no extra effort to suppose them 
drawn and numbered for every degree, or for oreiy minute, or even for every second 
of arc, but no one would attempt actually to draw them on a model globe for inter- 
vals of less than lo. On the earth itself a second of latitude corresponds io a little 
more than 100 feet. For the purpose of studying tho principles of map projection 
it is quite enough to supposo that the circles are drawn a t  intervals of 10'. 
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It was convenient in drawing the meridians and parallels by the method just' 
describcd 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 a-sis is vertical with the North Polo upward. The Equator and all 
tho parallels of latitude will be horizontal, and the direction of rotation corresponding 
to the actual rotation of the earth will carry tho face of the sphere at  which wo are 
looking from left to right; that is, from west to east, according to the way in which 
the mcridinns wcre marked. As the earth turns from west to cast a person on its 
surfacc, unconscious of its movement and looking at the heavenly bodies, naturally 
thinks that thcy nrc moving from east to west. Thus, we say that the sun rises in 
the enst and sets in tho west. 

THE TERRESTRIAL GLOBE. 

JYitli the sphere thus constructed with the meridians and parallels upon it, wc 
get H niiniature representation of the earth with its imaginary meridinns and parnllels. 
On this globc tho accurately determined points may be plotted and the shoro line 
drawn in, together with the other physical features that it is dcsirable to show. 
This procedure, howover, would require that each individual globe should bo plotted 
by hand, since no reproductions could bo printed. To meet this difliculty, ordinary 
terrestrial globcs are mado in the following way: It is well known that a pieco of 
p n p r  can not be made to fit on a globo but a narrow strip can bo mado to fit fnirly 
wcll by some stretching. If the strip is fastencd upon the globo when i t  is wet, the 
paper will stretch enough to allow almost a pcrfcct fit. Accordingly 12 gores nre 
madc ns shown in figuro 8, such that when fastened upon the globe thoy will roach 
from tho pnrnllcl of 70' north to  70' south. A circular cap is then madc to ostend 
from each of thcse pariillels t o  the poles. Upon thesc gorcs I 'he projection lincs and 
t,hc outlincs of tho continents aro printed. They cnn then lm pastcd upon tho globe 
2nd with careful stretching thoy can bo mndc to adapt thcmselvcs to tho sphcrical 
surface. It is obvious that the ccntral meridian of encli goro is shortcr than the 
))ounding mcridinns, whcrcns upon tho globe all of tho meyidimis nro of the same 
length. ITenco in ndttpting thc gores to the globe tho contra1 mcridinn of cncli gore 
must 1)c slightly strctchcd in comparison with tho sidc mwidiniis. Tho figuro 8 
shows on n very small scale thc scrics of gores and tho polar cups printod for cowring 
a globc. They aro as nenrly ns niny I N  on a 
plane surfacc, n fncsimilo of tho surfacc O€ the globo, cmd only requiyc bending with a 
little stretching in certain directions or contraction in othxs or both to ndnpt them- 
selves prcciscly to tho spherical surface. If the rcadcr oxamineu t h o  pwts of Lhe 
continc~it of Asia as shown on tho separate gores which nrc almosl II fucsimilo of the 
same portion of tho globe, and tries to pieco thcm togcther without 1)rnding thorn 
Over tho cmvcd surfaco of the sphere, the problem of map projoction will probably 
prrosent itself to  him in a new light. 

It is seen that although tho only way in which tho stufaco of the earth can bo 
rcprcsontcd corrcctly consists in making tho map upon tho surfuco of a globc, yet 
this a diflicult tasli, and, at  the best, cxpedicnts hnvo to be resorted to or the 
cost of constructioil will bo prohihitive. It should be remembered, howcvcr, that 
the only sourco of true idoas regarding tho mapping of large sections of the surface 
of thc earth must of necessity be obtained from its representation on globe. Much 
good would result from maliing the globe the basis of all elementary teaching in 
geography. The pupils should be warned that maps arc very generally used bocauso 
of their convenience. Within propw h i t a t ions  thoy servo ovory purposo for 

'rhcse gores do not co id tu to  n mnp. 
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which they are intended. Errors arc dependent upon the system of projection used 
and when map and globe do not agree, thc former is a t  fault. This would scem to 
be a criticism against maps in general and wherc largc! sections are involved and 
whcre unsuitable projections are used, i t  often is such. Dcspitc defects which ~ I ' G  

inherent in the attempt t o  map a spherical surface upon a plunc, maps of lurgo 
arcas, comprising continents, hemisphcres or cvcn tho wliolc sphcrc, are cmployed 
becausc of their convenience both in construction and handling. 
_ _ _ _ _ _ _ ~ -  . . ... ..... . . . . . - .. . .. 

f Perfect g l o b ~ ~  ure seldom seuu on uccount of tho oxptmse Involved in tlieir Innnufucturo. 
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Makers of globes would confer zt benefit on future generations if they would make 
cheap globes on which is shown, not as much RS 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 t,he oceans were shown by a light blue 
tint and the continents by darker tints of another color, and if the principal grent 
riveis and mountain chnins were shown, it would be sufficient. Thc names of oceans 
and countries, and a few great cities, noted capes, etc., are all that should appear. 
The globe then would serve as the index to the niaps of continents, which again would 
serve as indexes to the maps of countries. 



REPRESENTATION OF THE SPHERE UPON A PLANE. 

THE PROBLEM OF MAP PROJECTION. 

It seems, then, that if we have the meridians and parallels properly drawn on 
any system of map projection, the outline of a continent or island can be drawn in 
from information given by the 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 freehand copyist. Since the meridians and parallels can he drawn 
as closely together as we please, we can get as many points as we requiro laid down 
with strict accuracy. The meridians and parallels being drawn on the globe, if we 
have a set of lines upon a plane sheet to represent them we can then transfcr detail 
from the globe to the map. The problem of map projection, therefore, consists in 
finding some method of transferring the mcridians and parallels from the globo 
to the map. 

DEFINITION OF MAP PROJECTION. 

The lines representing the meridians and parallels can be drawl in an arbitrary 
manncr, but to avoid confusion we must have a one-to-one correspondence. 111 
practice all sorts of lihcrties arc taken with the methods of drawing the meridians 
and parallels in order to secure maps which best fulfill certain requircd conditiom, 
provided always that the methods of drawing the meridians and parallcls follow 
some law or system that will give the one-to-one correspondence. Hence a map 
pro ection may he defined as a systematic d r a w k - o f  lines representing meridians 
an -2- parallels &*a plane surface, either for the wholc earhh or for some portion of it. 

y?- -. 

DISTORTION. 

In  order to decide on the system of projection to be employed, we must coil- 
sider tho purposc for which the map is to be used and the consequent conditions 
which it is most important for the map to fulfill. In geometry, size and shape are 
the two fundamental considerations. If we want to show without exaggeration tho 
extent of the different countries on a world map, we do not care much about thc 
shape of the country, so long as its area is properly represented to scale. For s tn -  
tistical purposes, therefore, a map on which all areas are correctly represented to  
scale is valuable, and such a map is called an “equal-area projcctioii.” It is well 
known that parallelograms on the same base and between the same parallels, that is of 
the same height, h a w  equal area, though one may be rectangular or upright and 
the other very oblique. The sloping sidcs .of the oblique parallelograms must be 
very much longer than the upright sidcs of the other, but the areas of the figures 
will be the same though the shapes are so very different. The process by which 
tho oblique parallelogram can be formed from the rectangular parallologram is 
called by engineers “shearing.” A pack of cards as usually placed together shows 
as profile a rectangular parallelogram. If a book be stood up against tho ends of 
the cards as in figure 9 and then made to slopo as in figure 10 each card will slido a 
little over the one below and the profile of the pack will be the oblique parallelogram 
shown in figure 10. The hoight of the parallelogram will be the same, for i t  istho 

22 



REPRESENTATION OF THE SPHERE UPON A PLANE. 23 

thickness of the pack. 
bottom card. 
of the cards. 

Tho base will remain unchangod, for it is the long edge of the 
The area will be unchanged, for it is the sum of tho areas of the edges 
Tho shapo of tho paralloogram is very different from its original shape. 

Fro. 0.--Pack of cards before“shearing.” 

Tho sloping sides, it  is true, arc not straight lines, but arc mado up of 52 little stops, 
but if instead of cards several hundred very thin sheets of paper or metal had boon 
used the steps would be invisible and thc sloping cdges would appear to be straight 
lines. This sliding of layer upon layer is a “simplo shoar.” I t  alters the shapo without 
altering tho area of the figure. ’ 

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

Fxo. Il.-Squaro “&eared” into an equivalent parallelograru. 

This shearing action is worthy of a morc careful consideration in order that 
we may understand one very important point in map projection. Suppose the 
square A B C D  (scc fig. 11) to,bo sheared into tlic obliquo parahlogram a 7, C’D. 
Its basa and height remain tlie samo and its area is unchanged, but the parallclogram 
a b C D may be turned around so that C’ ZJ is horizontal, and then C b is the base, 
and tlio line Q N drawn from a pcrpcdiculur to b C i s  tlic hcight. Then the area 
is tho product of b Cpnd a N, and this is equal to the area of the original square 
and is constant wllatever tho angle of tho parnllclogram and tho cxtent to which 
tho sido B C has bcrn stretched. The perpendicular a N ,  thereforc, yarics inversely 
as the lcngth of the side b C, and this is true however much B C is stretched. 
Therefore in an equal-area projection, if distanccs in one direction arc increased, 
those moasured in the dircction at  right mglcs aro reduced in tho corresponding 
ratio if the lines that thcy represent arc perpendicular to  ono another upon the 
earth. 

If lines are drawn at a point on a.n cqud-arc\a projection ncarly at right anglea 
to each othcr, it will in gcnclral be found that if the scale in the ono direction is 
increased that in the other is diminished. If onc of the lines is turned nbout the 
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point, there must be SODC direction between the original positions of the lines in 
/ which tho scale is exact. Since tho line can be turned in either of two directions, 

there must be two directions at the point in which the scale is unvarying. This is 
true at evcry 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 

I n  maps drawn on an equal-area projection, some tracts of country may be 
sheared so that their shapo is changed past recognition, but they preserve thcir area 
unchanged. In maps covering a very large area, particularly in maps of the whole 
world, this generally happens to a very great cxtcnt in parts of the map which are 
distant from both the horizontal and the vcrtical lines drawn through tho ccntcr 
of the map. 

/ in scale (isoperimetric curves). 

(See fig. 12.) 

FIG. 12.-The Mollweide equal-area projection of the Hphere. 

It will be noticed that in the shearing proccss that lias been described every 
little portion of the rectangle is sheared just like the whole rcctangle. It is stretched 
parallel to B C (see fig. 11) and contracted at right angles to this direction. Hence 
whcn in an equal-area projection the shape of a tract of country is changed, it 
follows that the shape of every square mile and indeed of every square inch of this 
country will be changed, and this may involve a considerable inconvenicncc in the 
use of the map. In the case of the pack of cards the shearing was tho same at  all 
points. In the case of equal-area projections the extent of shearing or distortion 
varies with the position of the map and is zcro at the center. It usually increaws 
along the diagonal lines of tho map. It may, however, be important for the purpose 
for which the map is required, that small arcas should retain their shape evcn 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 exactitudo of shape at all points of the map, the whole map would bo 
an exact counterpart of tho corresponding area on the globe, and could be made 
to fit the globe at all points by simple bending without any stretching or contraction, 
which would imply alteration of scale. But a plane surface can not bo mado to fit 
a sphere in this way. It must bo stretched in some dircction or contracted in others 
(as in tho process of “raising” a dome or cup by hammering sheet metal) t o  fit thc 
sphere, and this mcans that the scale must be altered in onc direction or in tho 
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other or in both directions at once. It is thcrcforc impossible for a map to preserve 
the same scale in all directions at  all points; in other words a map can not accurately 
represent both size and shape of the geographical fcaturcs at  all points of the map. 

CONDITIONS FULFILLED BY A MAP PROJECTION. 

If, then, we endeavor to secure that the shape of a very small area, a square 
inch or a square mile, is prcsened at  all points of thc map, which nicans that if the 
scale of the distance north and south is incwascd the scale of the distancc east and 
west must be incrcascd in exactly the same ratio, wc must bc content to h a w  some 
parts of the map rcprcscnted on a greatcr scale than othcrs. The conformal pro- 
jrction, therefore, ncccssitates a change of scale a t  different parts of the map, though 
the scde is tho same in all dircctions at  m y  one point. Now, it is clear that if in a 
map of North America the northern part of Canada is drawn on a much larger scale 
than tho southern States of tho United,States, although the shape of every little 
bay or headland, lake or township is preserved, the shape of the whole continent on 
the map must be wry differrnt from its shape on the globe. In choosing our system 
of map projection, thereforc, wc must decide whether we want- 

(1) To kccp tho arca directly comparable all ovrr the mrp at tho ospcnse of 
correct shape (equal-area projcction), or 

(2) To keep tho shapes of the smallcr geographical features, capes, bays, lakcs, i. 
etc., correct at the expenso of a changing scale all over the map (conferma1 p o -  
jcction) and with the knowledge that large tracts of country will not prcscmc their 
shZ<e, or 

(3) To make a compromise between these conditions so as to minimize the 
errors when both shape and area are taken into account. 

There is a fourth consideration whi& may be of great importancc and which 
is very importyt  to the navigator, whilo i t  will be of much greater importance to 
the aviator whcn acrid voyagcs of thousands of miles arc undcrtakcn, and that is 
that directions of places taken from the center of the map, and as far as possible 
when taken from other points of tho map, shall bc correct. The horizontal direction 
of an object measured from the south is known as its azimuth. Hcncc a map which 
prcservcs these directions correctly is called an ‘‘ azimuthal projcction.” We may, 
thcrcforc, add’a fourth objcct, viz: 

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

Projectiork of this kind are sometimes cnlled xcnithal projections, bocause in 
maps of tho cclestial spherc tho zenith point is projected into the central point of the 
map. This is a misnomer, however, whin applied to a map of the terrestrial sphere. 

We have now considered the conditions which we should like a map to fuliill, 
and wo have found that they are inconsistent with one another. For some particular 
purpose wo may construct R map which fullills one condition nnd rejects anotlier, 
or vice versa; but we shall find that the maps most commonly iised arc tho rcsult 
of compromiso, so that no one condition is strictly fulfilled, nor, in  most cases, is it 
extravagantly violated. 

CLASSIFICATION OF PROJECTIONS. 

There is no way in which projections can bo divided into classes that are mutudy 
exclusive; that is, such that any given projection belongs in one class, and only in 
one. There are, however, certain class names that aro made use of in practice 
principally ns a matter of convenionce, dthoirgh n given projection may fall  in two 
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or more of the classe!. We have already spoken of the equivalent or equal-area 
type and of the conformnl, or, 11s it is sometimes called, the o r - o r p l &  type. 

The equal-area projcction preserves the ratio of area!! coGLCant; that is, any 
given part of the map bears the same rclation 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 thc map formed 
by meridians and parallels will be equal in area to any other quadrangular area of 
the same map that represents an epuqZ 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 arc equal in area upon the map just as they are equal in 
area on the earth. In another way, if two silvcr dollars are placed upon the map 
one in one place and the other in any other part of thc map the two arcas upon the 
earth that are represented by the portions of the map covered by the silver dollars 
will bo equal. Either of these tests forms a valid criterion provided that the arcas 
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 conformd projcction 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 shapc; but this term is somewhat 
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; thc scale will change from point to 
point, but it will be independent of the azimuth at all points. The scale will be 
the same in all directions at  a point if two directions upon thc earth at  right angles 
to one another are mapped in two directions that are also at right anglcs 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 arc perpendicular cuch to 
each, we need only to determine that the scale dong the meridian is equal to that 
along the parallel. The meridians and parallels of the earth intersect at  right 
anglcs, 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 the map at  right angles. The one set of lines are then said to beethe orthogonal 
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. 4 

Besides the equal-area and conformal projections we have already mentioned 
the azimuthal or, as they are sometimes called, the zenithal projcctions. In these 
the azimuth or direction of all points on the map M seen from some central point 
are the same as the corresponding azimuths or directions on the earth. This would 
be a very desirable feature of a map if it  could bo true for dl points of the map 
well as for the central point, but this could not be attained in any projection; hence 
the azimuthal feature is generdy an incidental one unless tho map is intended for 
some special purpose in which the directions from somo 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- 
eraUy mado 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 tho 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 be 
mapped, Tho plan0 upon which the map is made does not ham to be tangent to 
the earth, but this position givcs a simplification. I ts  position anjwherc parallel to 
itself would only change the scalo of the map and in any position not parallel to 
itself thc same rcsult would be obtained by changing the point of tangency with 
mere chnngc of scale. Projections of this kind are generally simple, because they 
can in most cases be constructed by graphical methods without the aid of thc 
annlyticnl osprcssioi~s that determine the dements of the projcction. 

Instcad of using a plane diroctly upon which to lay out the projection, in many 
cases use is made of one of tho developablc surfaces as an intermediato aid. Tho 
two surfaces used for this purpose are tho right circular cone and tho circular cylindcr. 
The projection is madc upon one or the other of these two siirfnccs, and then this 
surfacc is sprcad out or developed in the planc. As a matter of fact, tho projection 
is not constructed upon the cylindcr or cone, but the principles arc derivcd from II 

considcrntion of thcsc surfaces, and thcn tho projection is drawn upon the .planc 
just as it would bc iLfter clcivlopmcnt. Thc dcvclopablc surfaces, thcrcfore, serve 
only as guides to  us in grasping tlic principles of the projection. Ntcr  the elements 
of the projections arc detcrmincd, cithcr geometrically or annlytically, n o  further 
attention is paid to the cone or cylindcr. A projcction is called conical or cylindrical, 
according to wllich of the two dcvclopablo surfaces is used in tho determination of 
its clemcnts. Both kinds are generally included in the one class of conical projec- 
tions, for the cylindcr is just n special case of the cone. In  €act, even the azimuthal 
projections might have bccn included in tho general class. If we have a cone tangent 
to the earth and thcn imagino the apex to recede more and more wldc the cone 
still remains tangent to tho spherc, we shall have at tho limit the tangent cylinder. 
On the other hand, if the apex approachos 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 con0 will be flattened out into a tangcnt plane. 

Besides these general classes thoro aro a number of projcctions that are called 
convcntidnal projections, since thoy are projections that are moroly arrangod arbi- 
trarily. Of course, even thoso conform enough to law to permit their expression 
annlytically, or soniotiincs rnoro easily by geomctric principles. 

THE IDEAL MAP. 

Thrrc arc vwious propcrtics that it would bo dcsirablo to hare prcscnt in a 
a map that is to be constructed. ( I  ) I t  should ropresent thc countries with their 
true shape; (a) the countries roprcscntcd should retain their rclativo sizo in the map; 
(3) tho distance of overy place from ovory otlicr should bear a constant ratio to the 
truo distances upon tho earth; (4) great circlos upon tho sphere-that is, tho shortest 
distanccs joining various points-should bo ropresented by straight lines which aro 
the shortost distances joining the points on the map; (5) tho geographic latitudcs 
and longitudes of the places should bo easily found from their positions on the map, 
and, conversely, positions should bo easily plotted on the map when we liaro their 
latitudes and longitudes. These properties could vory oasily be securod if tho oartli 
woro a plane or ono of tho dovelopablo surfacos. Unfortunately for the cartographcr, 
it is not such a surf~co, but is a spherical surface which can not be dc~eloped in a 
plano without distortion of somo kind. It bocomos, then, a matter of soloction 
from among the various desirablo propertios enumeratod abovc, and even some of 
these can not in gcnoral bo attainod. It is necossary, thcn, to docido what purpose 
tho map to be constructod is to fulfill, and thon we can solcct tho projcction that 
comes nearest to giving 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, i t  will so 
nearly conform to a plane surface that a projection can bc madc that will represent 
the truc state to  such a degrcc that any distortion present will bc negligiblc. It is 
thus possible to consider the earth made up of a great number of plane sections of 
this kind, such that each of them could bc mapped in this way. If the parallels 
and meridians are drawn each a t  1 5 O  intervals and thcn planes are passed through 
the points of intersection, we should havc a regular figure made up of plane quad- 
rangular figures us in figure 13. Each of these sections could be madc into a self- 
consistent map, but if wc attempt to fit them togethcr in one plano map, wc shall 
find that they will not join togethcr properly, but the effcct shown in figuro 13 will 

no. 13.-l?arth considered a~ formed by plane qundratigles. 

be observed. A section 15' squarc would hc too large to  be mapped without error, 
but the snme principle could bc applied to cach square dcgree or to cvcn smnllcr 
sections. This projection is called the polyhedral projection and i t  is in substance 
very similar to the method used by the United States Gcological Survey in tlicir 
topographic maps of thc various States. 

Instead of considering tho carth as made up of small regular quadrangles, WO 
might consider i t  made by narrow strips cut off from tho bascs of cones as in figurc 
14. The whole east-and-wcst extent of these strips could bc mapped equally accu- 
rately as shown in figure 15. Each strip would bo all right in itself, but they would 
not fit together, as is shown in figure 15. If we consider thc strips to becomo vcry 
narrow while a t  the same timc they increase in number, we get what is called the 
polyconic projections. Thcse same diificulties or others of liku nature aro met with 
in every projection in which wc attempt to hold the scale exact in some part. At 
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best we can only adjust the errors in the reprcscntation, but they C H ~  never all 
be avoided. 

Viewed from a strictly mathematical standpoint, no representation bascd on a 
system of map projection can be perfect. A map is a compromise between the 

various c nditi 

\ / 
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FIG. 14.-l?arth considered as formed by baa- of cones. 

ns not all of which can bo satisfied, and is the best soluti n of the 
problem that is possible without encountering othcr difficulties that surpass thoso 
due to a varying scale and distortion of other kinds. I t  is possible only on a globo 
to represent the countriw with their true relations and our general ideas should bo 
continually corrected by reforence to this sourco of ltnowlcdge. 

Pro. 15.-Development of the conical bmes. 

In order to point out the distortion that may bo found in projoctions, it d 
be well to show somo of those systems that admit of ensy construction. Tho per- 
spective or geometrical projections can always be constructed graphically, but i t  is 
sometimes easier to make use of a computed table, ovcn in projections of this class. 
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CYLINDRICAL EQUAL-AREA PROJECTION. 

This projection is one that is of very little use for the construction of a map of 
the world, although near the Equator i t  gives a fairly good representation. We 
shall use i t  mainly for the purpose of illustrating the modifications that can be 
introduced into cylindrical projections to gain certain desirable features. 

In  this projection a*cylinder tangent to the sphere nlong the Equator is cm- 
ployed. The meridians and parnllels nre strnight lines forming two pnrallel systems 
mutually perpendicular. The lines reprcscnting the meridians nre cqually spaced. 
These featurw nre in genernl chnrncteristic of all cylindrical projections in which 
the cylinder is supposed to be tangent to the sphere along the Equator. The only 
feature as yet undetermined is the spacing of the parallels. If planes arc passed 
through the various parallels they will intersect the cylinder in circles thnt become 
strnight lines when the cylinder is developed 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 nnd parallels for 10' intcrvnls. Thc length of the map is cvi- 
dently T (about 33) times the dinnietcv of tlie circle that rcpresents a great circlc 
of the sphere. The semicircle is dividcd by means of n protractor into 18 equd 
arcs, nnd thcse points of division are projected by lincs parallel to tlie line rcprc- 
senting the Equator or perpendicular to the bounding diameter of thc scmicirclc. 
This gives an equivalcnt or cqunl-nrea map, because, ns we recede from the Equtitor, 
the distances represcnting differences of latitude arc decreased just as great n pcr 
cent ns the distances representing differences of longitude arc increased. Thc result 
in n world map is the appearnncc of contraction townrd the Equator, or, in mother 
sense, ns an cast-and-west stretching of the polar regions. 

CYLINDRICAL EQUAL-SPACED PROJECTION. 

If the equnl-area property bc disrcgardcd, 11 bcttcr cylindrical projection can be 
secured by spacing the meridians nnd pnrnllels equally. In  this way we get rid of 
the very violent distortions in the polt~r regions, but even yet the result is very 
unsatisfactory. Great distortions are still present in thc polnr regions, but t h y  
are much less than bcforc, as can be seen in fi,we 17. hs a further nttempt, we can 
throw part of the distortion into tlie equatorinl regions by spacing the pardlcls 
equally and the meridians equally, but by making the spacings of the parallels grentcr 
than that of the meridians. In figure 18 is shown the whole world with the meridinns 
and pnrnllcl spacings in tlie ratio of two to three. The result for n world map is 
still highly unsatisfactory even though it  is slightly better than that obtained by 
either of the former methods. 

PROJECTION FROM THE CENTER UPON A TANGENT CYLINDER. 

As a fourth attempt we might project the points by lines drawn from the center 
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 

30 
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indefinitely, the required intersection with the cylinder rcccdcs indefmitely, or, in 
mathemetical language, the pole is represented by a line a t  an infinite distance. 

90 

W 

0 

!O 

FIG. lB.--Modified cylindrical eqd-spaced projection. 

MERCATOR PROJECTION. 

Instead of stretching the polar regions north and south to such an extent, it  is 
customary to limit the stretching in latitude to  an equality with the stretching in 
longitude. In this way we g'ct n conformal projection in which any 
small area is shown with practically its true shape, but in which large areas will be 
distorted by tho change in scale from point to point. In this projection the polo 
is represented by a line at  i n f i t y ,  so that the map is seldom extended much 
beyond 80° of latitude. This projection can not be obtained directly by g).aphical 
construction, but the spacings of the parallels have to be taken from a computed 
table This is the most important of the cylindrical 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 represented upon u very enlarged scale. 

(See fig. 20.) 
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Fro. 20.-Mercator projection. (See also p. 105.) 

Since a degree is one three-hundred-and-sitieth part of a circle, the degreea of 
latitude we everywhere equal on a sphere, as the meridians are all equal circles. 
Tho degrees of longitude, howevo~, vary in the same proportion as the size of the 
parallels vary at 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 onehalf aa great. Its area, then, is approximately one- 
half thc area of the one at the Equator. Now, on the Mercator projection the 
longitude a t  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 at  
89O an area would be more than 3000 times as large as an equal-eized 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 show larger than South America, but 
in reality South America is nine times as large as Greenland. As wil l  bo shown 
later, this projection has many good qualities for special purposes, and for some 
general purposes it 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 ita 
position among the h t - c l a s s  projections, but it is most strongly urged that no one 
should use i t  without recognizing its dofects, 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, furthermore, i t  can be prolonged 
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in either an east or west direction; in other words, i t  can be repoatod so ns to show 
part of the map twico. By this means tho rolative positions of two places that would 
be on opposite sides of tho projoction whon confined to 360" can bo indicated more 
definitely. 

GEOMETRICAL AZIMUTHAL PROJECTIONS. 

Many of tho projoctions of this class can be constructed graphically with very little 
trouble. This is espocially true of those that have the pole at  the center. Tho merid- 
ians aro then reprosentod by straight lines radiating from the polo and tho parallels 
aro in turn representad by concentric circles with tho pole as center. The angles 
botwocn tho meridians are oqual to tho corrosponding longitudos, so that they are 
ropresonted by radii that aro cqually spaced. 

STEREOGRAPHIC POLAR PROJECTION. 

This is a porspectivo conformal projection With the point of projection at the 
Tho plano upon which South Polo whon tho northern regions aro to be projected. 

FIG. 21.-Detormination of idii for stereogrspliic polar projection. 

the projection is mado is gonorally takon as tho oquutorial plano. ,4plruie tangent at 
the North Polo could bo used cquully well, tho only differenco bohg hi tlie scalo of 
tho projoction. In figuro 31 lot  N B S W bo tho plano of a moridiui with N represent- 
ing the North Pole. Then N P  will be tho traco of the plane tangent at the North Pole. 
Divide the arc N E into equal parts, each iu the figure being for 10" of latitude. Then 
all points at a distance of 10" from the North Pole will lie on a circle with radius n p ,  
those at 20" on a circle with radius n p, etc. With these radii we can oopstruct the 
map as in figure 22. * On the map in this figure the l i e s  are drawn for each loo both 
in latitude and longitude; but it is clear that a larger map could be constructed on 
which linos could be drawn for every degree. Wo have soen that a practically correct 
map can be mado for a region measuring 1" each way, because curvature in such a 
size is too slight to be takon into account. Suppose, then, that correct maps were 
mado soparatoly of all the little quadrangular portions. It would be found that by 
simply reducing each of them to tho requisite scale it could bo fitted almost exactly 
into tho spaco to which i t  belonged. we say h o s t  exactly, because tho edge 
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n o .  22.-Sstereopphic polar projection. 
\ It would soom, tlicli, at first sight tliat this projectioii is an ideal oil(?, and, as a 

mattor of fact, it  is coiisidcrod by most authoritios as tho lxst j)rojoctioii of a homi- 
sphcrc for gcncral purposes, but, of coursc, i t  has a serious dcfcct. I t  has ?)c?oii stated 
that each plan has to be compressed at its inncr edge, and for tho samo  rcason oach 
plan in succession has to he reduced to  a smaller averago scalo than the onc outside of 
it. In  other words, the s7mjw of cach space into which R plan has to bo fitted is prac- 
tically corrcct, but the size is lcss in proportion at tho ccntcr than at tho edges; so that 
if a correct plan of an area a t  tho cdgo of t h o  map has to be roduced, lct us say to a 
scalo of 500 miles to an inch to fit its allottctl spuc(!, fhcn a plan of an area u t  tlict ccntpr 
has to be rcduced to a scale of morc than 500 miles to an inch. Thus a modcratc arm 
has its truo shapc, arid cvoii ail arca as largo as o m  of tlic States is not distortcd to  
such an extent as to bo visible t>o the ordinary observor, I)nt to obtain this advantngc 
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relative sim has to bo sncrificotl ; that is, the property of cquivaloiice of nrea has to be 
t!iitircly disrcgarded. 

CENTRAL OR GNOMONIC PROJECTION. 

ISLI'.MISNTARY DISCUSSION OF VARIOUS FORMS O F  PROJECTION. 

In this projection tho conter of tho sphere is tho point from which tho projecting 
lines aro drawn and tho map is mado upon a tangent plane. When the plano is tangent 
at  tho polc, tho pardlels aro circlos with tho polo as common coritcr and tho meridians 

c 

Fro. 2:1.--l)eteriiiination radii for gnomoiiic polar projection. 

aro oqually spttcctl radii of tlioso circlos. In figuro 23 it can b o  so011 that tlio loiigtli of 
the mrious radii of tho parallols aro found by dra\ving linos from tlio centor of n circlo 
reprosonting a moridiap of tho spliero and by prolonging tliom to intorsoct a truigont 
line. In  tho fibpro l o t  P bo the polo mid l o t  PQ, QB, etc., be axcs of loo ,  then Pp, 
Pr, otc., will he tho radii of tho corrospondiug pwallols. I t  is at once evident that a 
complete hemispliero can not be represented upon a plam, for the radius of 90' from 
the coiitsr would becomo infinite. The North Polo rogions oxtending to lntitudo 30' 
is slio~v~i in figure 24. 

Tho important proporty of this projoction is tlio fact tliat all giwat circles m 
rc!!)resontotl by straight linos. This is ovidont from tho fact that tho projecting lines 
would all lio in tho plaiio of tho circlo and tho circlo would bo roprosoiitod by the 
intorsoctioii of this plano with t h o  mapping plano. Sinco tho shortust distanco be- 
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tween two given points on the splioro is an arc of a great circle, the shortest distance 
between the points on the sphere is represented on the map by the straight line joining 
the projection of the two points which, in turn, is the shortest distance joining the 
projections; in other words, shortest distances upon the sphere we represented by 
shortest distances upon tho map. The change of scale in tho projection is 80 rapid 
that very violent distortions aro present if the map is extended any distance. A map 
of this kind .finds its principal use in connection with the Mercator charte, as wiU be 
shown in the second part of this publication. 

LAMBERT AZIMUTHAL EQUAL-AREA PROJECTION. 

This projection does not belong in the perspective class, but when the pole is the 
center it can be easily constructed graphically. The radius for the circle representing 
a parallel is taken as the chord distanco of tho parallel from tho pole. In figuro 25 
thechords are drawn for every 10' of arc, and figure 26 shows the map of the Northern 
Hemiephere constructed with thoso radii. 

ORTHOGRAPHIC POLAR PROJECTION. 

When the pole is tho contor, an orthographic projection may be constructed 
graphically by projecting the parallels by parallel lines. It is a perspective projection 
in.which .the.point of projection has receded indefinitely, or, speaking mathematically, 
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FIQ. 25.-Determination of radii for Lambert equal-area polar projection. 

We, 26.-Lambert equal-area polar projection. 
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FIG. 27.--l)etermination of radii lor orthographic polar projection. 

the point of projection is at  infinity. Each parallel is really constructed with a radius 
proportional to its radius on the sphere. It is clear, then, that the scale along thc. 
parallels is unvarying, or, as it is called, thc parallels are held true to scale. Tho 

90 

Rri. 28.-Orthographic polar projection. 

method of construction is iiitlicatcd aloarly in iigure 27, a~id figure 28 sliows tho North- 
ern Homisphcrc 011 this projection. Maps of the surfuco of tlic moon are usually 
constructed on this projection, since we really scc tho moo11 projocted upon tho 
celestial sphere practically as thc map appears. 

AZIMUTHAL EQUIDISTANT PROJECTION. 

In the orthographic polar projoction tho sculo along tho parallols is held constant, 
as wo hare seen. Wo can also havo a projection in which tho scale along the meridians 
is hold unvarying. If the parallols aro represented by concentric circles equally 
spaced, we shall obtain such a projection. Tho projection is very omily constructed, 
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PIC;. 2~.-.4zimuthsl equidistant polar projection. 

sblco wo n o d  only to draw tho systom of concontric, equally spacod circlos with tile 
moridims reprosc!ntod, as in all polar azimu thal projoctions, by tho oqudly spacod 

radii of tho systorn of circlos. 
figuro 20. 
tho storoographic nnd tho oqunl nrw. 

Such n map of tho Nortliorn I-Iomisphore is shown in 
Thisprojoction has tho odvantago that i t  is somowvhat a moan hotwoon 

On tho wholo, it givos n fairly good ropro- 
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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 the Western Hemisphere is shown on tho stereographic projoction. 
A projection of this nature is called a meridional projection or a projection on the 

FIG. 31.4nomonic projoction of part, of the Weatem Hemisphere. 

plane of a'meridian, because tho bounding circle represents a meridian and the 
North and South Poles are shown a t  the top and the bottom of the map, respectively. 

FIQ. 32.--lambert equal-area projection of the W-m Hemiaphere. 
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The central meridian is a straight line and the Equator is represented by anotlier 
straight line perpendicular to the central meridian; that is, the central meridian 
and the Equator are two perpondicular diameters of the circle that repreaents the 
outer meridian and that f o m  the boundary of the map. 

n o .  33.-Orthographic projection of the Western IIemisphere. 

In figure 31 a part of tho Wostorn &misphore is represonted on a gnomonic 
projection with a point on the Equator as the center. 

F'IQ. 34.-Globular projection of the WTeetern HemGphere. 

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

An orthographic projection of tho same hemisphere is given in figure 33, In thie 
figure 32. 

tho parallels become straight lines and the meridians are arcs of ellipses. 
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A projection that is often used in tho mapping of a homisphero is shown in 
figure 34. I t  is called the globular projection. The outer meridian and the cwntral 
meridian are divided each into equal parts by tho parallols which aro ar(s of circles. 
Tho Equator is also divided into equal parts by the meridians, which in turn are 
arcs of circles. Since all of the meridians pass through each of tho poles, those 
conditions are sufficient to determine tlio projection. By compuring i t  with the 
stereographic it will bc seen that tho various parts arc not violently shcurotl out of 
shalm, and a comparison with the equal-area will show that the arms ~iro not h d l y  
reprosontod. Cortninly such a representation is much loss misleading thmi the 
Mercator which is too often cmployotl in tlio school geographies for tho iiso of young 
people. 

CONSTRUCTION OF A STEREOGRAPHIC MERIDIONAL PROJECTION. 

Two of the projcctions mcntionod under tho preceding hctrding-tho storoo- 
graphic. and the gnomonic-lend thomsclves readily to graphic: construction. I n  
figure 3 5  let tho circle PQP' roprcscnt the outer moritljan in tho storoographic 

R 

FIG. 3B.--J)ctermination of the elements of a ntereographic ])rojection on the plane of a moridiaii. 

projection. At  
Q construct tho tangent RQ; ltlth 71 as a contor, arid with n radius I1Q c:onstruct 
the arc QSQ'. This k c  represonts the parallel of lntitudo 60'. Lay ofT O R  equal 
to RQ; with K as a center, and with a radius TCP construct tho tkrc PSP'; then this 
arc reprosonts the meridian of longitude 60' reckonod from the contrnl meridian 
POP'. I n  the samo way all tho meridians m d  parallels can bo constructed so that 
tho construction is vory simplo. Homisplicres constructed on this projection are 
very frequently used in atlases and geographies. 

Tako tho arc PQ, oqua) to 30"; that  is, Q will iio in lntitudo 60". 
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CONSTRUCTION OF A GNOMONIC PROJECTION WITH POINT OF TANGENCY ON THE 
EQUATOR. 

Draw the radii 
OA, OB, otc., for ovory 100 of arc. Whon thoso aro prolonged to intersect tho tan- 
gent at P, wo got tho points on tho equator of tho map whoro the meridians inter- 

In  figure 36 lot PQP’Q’ roprosont a groat circle of tho sphere. 

\ 

\ 

\ 

\ 

- 
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F’Ia. 36.-C!onstruction of a gnomonic projection with plane tangent at the Equator. 

soct it. Since the moridians of tho sphere aro roprosontod by parallol s t r igh t  lines 
porpondicular to tho straighblino equator, wo can draw tho meridians whon wo 
laow their points of intorsoction with tho equator. 

Tho contra1 meridian is spnced in latitude just as the moridisns aro spncod on the 
equator. In this way wo dotormine tho points of intorsoction 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 C K  perpendicular to OC; then CD', which equals CD, determines D', the 
intersection of the parallel of IOo north with the meridian of 30° in longitude east 
of the central meridian. These same values 
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 represonta- 
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 greatrcircle courses. 

In  like manner C E =  CE, and so on. 

CONICAL PROJECTIONS. 

I n  the conical projections, when the cone is spread out in tho plane, the 360 degrees 
of longitude are mapped upon a sector of a circle. The magnitude of tho angle at the 
center of this sector has to be determined by computation from the oondition imposed 

FIG. 37.-Cone tangent to the sphere at latitudo'30'. 

! 

' \ '  

upon the projection. Most of the conical projections are dotormined analytically ; 
that  is, the elements of the projection are expressed by mathematical formulas 



ELEMENTARY DISCUSSION OF VARIOUS FORMS OF PROJECTION. 4 i  

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 LATITUDE 30'. 

As an illustration of conical projections we shall indicate the construction of 
one which is determined by projection from the center upon a con0 tangent at  lati- 
tude 30'. In this case the full circuit of 360' of longitudo will be (See fig. 37.) 

ha. 38.-Determination of radii for conical central perepectivo projection. 

mapped upon a semicircle. In figure 38 let P Q P' Q' reprosent a meridian circle; 
draw CB tangent to the circle at  latitude 30°, thin CB is the radius for the parallel 
of 30' of latitude on the projection. CR, CS, CT, etc., are the radii for the parallels 
of 80°, 70°, 60°, 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 
they intersect the cone. 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 any two 
chosen parallels. Upon this we could project the sphere either from the contor or from 
any other point that we might choose. The general appearance of the projoction 
would be similar to that of any conical projection, but some computation would 
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be required for its construstion. As has been stated, almost d l  conical projections 
in use have their elements determiiicd analytically in tho form of mathematical 
formulas. Of theso the one with'two standard parallels is not, in general, an 
intersecting cone, strictly speaking. Two separate parallels are held true to  scale, 

c) 

a 

but if they were held equal in length to their length on tho sphere the cone could 
not, in general, be made to intersect tlic sphere so as to have t h o  two piirallels coin- 
cido with the circles that represent them. This could only bo done in cas0 the 
distance between the two ciroles on the cone was equal to the chard distance between 
the parallels on the sphere. This would be truein a perspective projection, but it 
would ordinarily not be true in any projection determined analytically. Probably 
the two most important conical projections aro the Lambert conformal conical pro- 
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j cction with two stniidnrtl pnrallcls niid thc Allwrs cqunl-areti conirnl proj ~ctioli. 
Thc lnttcr projrction hns also two standard pnrnllcls. 

BONNE PROJECTION. 

Thcrc is n modified conical cqunl-arc& projection that has 1wc.n much used in 
map making called tho Bonno projection. In general a cono tangent ttlorig tho parallel 
i n  the central portion of the latitude to be mapped gives the radius for thc tLrc wp- 
rescnting tlus parallel. A system of co’nccntric circles is then druwii to rcprcsent 
the other parallols with tho spacings along the central meridian on the same scale 
tis that of the standard parallel. Along the arcs of theso circles the longitudo dis- 
tnnces axe laid off on the same scale in both directions from the central meridian, 

Fro. 4O.--l30nne projection of the United Sbteu. 

which is a straight line. All of tho meridians escopt the ceiitral ono aro curved 
lines concave toward the straight-line cen trnl meridian. This projection has bccxi 
much used in ntluscs partly becanw it is equal-area niid partly because it is compnra- 
t i d y  easy to construct. A mnp of the ‘CJnited States is shown in figure 40 on this 
projection. 

POLYCONIC PROJECTION. 

In  the polyconic projection thc central mcridian is represented by n straight linc 
and tho parallels arc represented by nrcs of circles thnt nre not concentric, but tho ccn- 
tcrs of which dl lie in tho extension of tho central meridian. Tho distances between 
tho parallels along the central meridian are made proportional to  thc true distances 
between the parallels on the earth. The radius for each parallel is dctermincd I)y an 
element of tho  cono tangent along the given pttruIle1. l h o n  tho parallcls arc c m -  
structed in this way, tho arcs along tho circlos representing tho parallels arc lnid off 
proportional to the true lengths along the respective pardlels. Smooth curves 
drawn through the points so dcturmined givo the respectivo meridians. In figure 
15 it  may bo seen ii- what manner the cxnggeration of scalc is introduced by this 
method of projection. A map of North America on this proioc*tion is sho~11 in 

!l347X0-:18-4 
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figure 41. The great advantage of this projection consists in the fact that a general 
table can be computed 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.-Polyconic projection of North America. 

When this is the case a separate table has to be computed for each region that is 
under consideration. With this projection, regions of narrow extent of longitude 
can be mapped with an accuracy such that no departure from true scale can bc de- 
tected. A quadrangle of l' on each side can be represented in such a manner, and 
in cases where the greatest accuracy is either not required or in which the. error in 
scale may be taken into account, regions of much greater extent can be successfully 
mapped. The general tablo is very convenient for making topographic maps of 
limited extent in which it is desired to represent the region in detail. Of course, 
maps of neighboring regions on such a projection could not be fitted together exactly 
to form an extended map. This same restriction would apply to any projection on 
which the 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. In figure 42 we have shown a man’s 
head drawn with some 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. 

Ro. 42.-Man’e head drawn on globular pro- FIG. 4X-Man’s head plotted on orthographic pro- 
jection. jection. 

Fxo. 44.-Man’a head plotted on ~tere~grsphic 
projection. 

FIQ. 46.-Man’s head plotted on Morcator projeo 
tion. 

This does not mean that the globular projection is the best of the four, bocause the 
symmetrical figure might be drawn on any one of them and then plotted on the 
others. By this method we see shown in a striking way the relative differences in 
distortion of tho various systems. The principle could bo extended to any number 
of projections that might be desired, but the four figures given serve to illustrate the 
method. 
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PART 11. 

INTRODUCTION. 

It is thc purpose in Par t  I1 of this rcview to givc n comprchcnsirc drscripthi of 
the naturc, propcrtics, iind construction of tlio better systems of map projcctioii in 
USC at  thc prcsent day. Many projcctions liuvc becn deviscd for map construction 
which arc nothing more than gcomct.ric trifles, wliile otliers have attnincd prominence 
at the expense of better and ofttimes simplcr types. 

It is largely sincc thc outbrctili of tho World War that an increascd dcmund for 
bettor mups lins creatcd considcruble activity in mutliemntical cnrtogrnphy, iind, as 
a conscqucncc, t i  marlccd progress in thc gcncrril theory of mnp projoctions has been 
in cvidcncc. 

Through military ncccssities nrid cducationiil rcquircmcnts, the scicncc iind nrt 
of cartography have demanded better draftsmanship and grcater nccurticy, to the 
extent that  many of the older studies in geography are not now considered as worthy 
of inclusion in tlic present-day class. 

The wliolc field of cartography, with it,s component parts of history and surveys, 
map projection, compilation, nomencluturc and reproduction is so importtint to the 
advancemcnt of scicntific geography that the higher sttindard of to-dny is .duc to a 
general dcvclopmcnt in cvcry branch of the subjcct. 

The selcction of suitable projcctions is rocciving far more nttcntiori tlian wns 
formerly accorded to it. The exigencics of the problem tit hand cnn gcrierally bo 
met by special study, and, as a rulo, that  system of projection cttn bo iLdoptCd which 
will give tho bost rosults for tho arca undor considcrution, wliothor tho desirablc con- 
ditions be a matter of correct angles betweon meriditms and parnllcls, scaling prop- 
erties, equivalcnce of areas, rhumb lines, etc. 

I The favorable showing required to meet any pwticulnr mapping problcm may 
oftentimes be retaincd at  the expense of othcr less desirablc properties, or a compro- 
mise may bo effected. A method of projcction which will answer for a country of 
small cstent in latitudc will not a t  nll answer for anotlier country of p i i t  longth in 
a north-and-south direction; a projection which serves for tha represontiition of thc 
polar rcgions may not bo at all applicable to countries near tlic Equator; u projection 
wliich is tlic most convenient for thc purposes of the navigator is of littlc vduc  to the 
Bureau of the Census; and so throughout the entire range of tho subjcct, particular 
conditions havo constantly to be satisfied and special rutlier than gencrnl problems 
to bc solved. The use of n projcction for a purpose to wliich it is not bost suited is, 
thercforc, gencrnlly unneccssnry nnd ciin bo avoided. 

PROJECTIONS DESCRIBED IN PART II. 

I n  tho description of the different projcctions and thoir proporties in tlio follow- 
ing pages tho matliemetical theory and development of formulas w e  not generally 
included wliere roady reference can bo given to other manuals containing tlicsc 
features. I n  several instances, howover, the mttthematical development is given in 
somewhat closer dctuil than heretoforc. 

In tho selection of projcctions to be prcscntcd in this discussion, the authors havo, 
wit11 two oxceptions, confined tliemsclvcs to two cla~ses, vi%, c o n f o m l  projections and 

63 
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equivalent or equal-area projections. The exceptions are the polyconic and gnomonic 
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 there are frequent examples where the mathe- 
matical property of conformality is not of sufficient practical advantage to outweigh 
the useful property of equal area. 

The critical needs of conformal mapping, however, were demonstrated at  thc 
commencement of the war, when the French adopted the Lambert conformal conic 
projection as a basis for their new battle maps, in place of the Bonne projection here- 
tofore in use. By the 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). 

CONFORMAL M ~ P P I N O  is not new since i t  is a property of the stereographic and 
Mercator projections. It is, however, somewhat surprising that the comprehensive 
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 years. I t  is a problem in an important division of cartography 
which has been solved 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. In  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 MAPPma.-The problem of an equal-area or equivalent projection 
of a spheroid has been simplified by the introduction of an intermediate equal-area 
projection upon a sphere of equal surface, the link between the two being the authalics 
latitude. A table of authalic latitudes for every half degree has recently been com- 
puted (see U. S. Coast and Geodetic Survey, Special Publication No. 67), and this can 
be used in tho computations of any equal-area projection. The coordinates for the 
Albers equal-area projection of the United States were computed by use of this table. 

THE CHOICE OF PROJECTION. 

Although the uses and limitations of the different systems of projections are 
given under their subject headings, a few additional observations may be of interest. 
(See frontispiece.) 

COMPARISON OF ERRORS OF SCALE AND ERRORS OF AREA IN A MAP OF T H E  U N I T E D  
STATES O N  FOUR %IFFEREST PROJECTIONS. 

MAXIMIJM SCALE ERROR. 
Per cent. 

Polyconicprojection ............................................................................ 7 
Lambert conformal conic projection with standard parallels of latitude at 33' and 45'. ............. 21 

Lambert zenithal equal-area projection. 14 
Albera projection with standard parallels at 29' 30' and 45' 30' u 

(Between latitudes 301' and 474', only one-half per cent. Strictly speaking, in the Lambert 
conformal conic projection these porcentages are not oeale err07 but chaqc! of scale.) 

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

2 The term authalb was flrst omployed by Tissot, In 1881, si@yiW equal area. 
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MAXIMUM ERROR OF AREA. Per cent. 

Lambert conformal conic ....................................................................... 6 
Lambert zenithal ............................................................................... 0 
Albere ......................................................................................... 0 

Polyconic ...................................................................................... 7 

M A X I M U M  ERROR OF AZIMUTH. 

Polyconic ................................................................................... 1' 5W 
Lambert conformal conic ........................ .,. .......................................... Oo 00' 
Lambert zenithal.. ......................................................................... lo 04' 
Albera ...................................................................................... Oo 43' 

An improper use of the polyconic projection for a map of the North Pacific 
Ocean during the period of the Spanish-American War resulted in distances being 
distorted along the Asiatic coast to double 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 and tlience 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 it is sufficiently 
close to other projections that are in some respects better, as not to cause 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 
suited to navigation beyond certain limits. This field belongs to the Mercator 
and gndmonic projections, about which more will be given later. 

The polyconic projection has no advantages in scale; neither is it conformal or 
equal-area, but rather R compromise of various conditions which dotormine its choice 
within certain limits. 

The modified polyconic projection with two standard meridians may be carried 
fo 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 an equal-area 
representation. 

For a map of the United States in a single sheet the choice rests between the 
Lambert conJbmal conic projection with two standard parallels and the Albers equal- 
area projection with two standard parallels. The selection of a polyconic projec- 
tion for this purpose is indefensible. The longitudinal extent of the United States 
is too great for this system of projection and its errors are not readily accounted for. 
The Lambert conformal and Albers are peculiarly suited to mapping in the Northern 
Hemisphere, where the lines of commercial importance are generally e a t  and west. 

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

The transverse polyconic is adapted to the mapping of comparatively n m o w  
areas of considerable extent along any great circle. (See Plate 11.) A Mercator 
projection can be turned into a transverse position in a similar manner and will give 
us conformal mapping. 

~- 
4 Tho polyconic proJectlon has always boen employed by the Coast and Geodotic Burvey for flold shoets. and genoral t a b ] ~  far 

tho wnstructlon of this proJectlon are published by this nuroau. A ProJectlon for any small port of the world cm r d U y  bo 
m c t e d  by tho use of theso tables and the accuracy of thls systom within tho llmlts spedned or0 good reasons for its gonerd m. 
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Tho Lambert conformal and Albers projections are desirable for areas of pre- 
dominating east-and-west estent, and the choice is between conjomnality, on the one 
hand, or equal arm, on the other, depending on which of the two properties may be 
preferred. Tho authors would prefer Albers projection for mapping tho Cnitcd 
States. A comparison of the two indicatcs that their diffcrcnce is very small, but 
the certainty of definite equal-nren representation is, for general purposes, tho more 
desirable property. When latitudinal os tent incrcnses, conformality with its pres- 
ervation of shapes becomes generally morc desirable than equi\.alence with its 
resultant ilistortion, until n limit is reaclied whore a large extent of area has equal 
dimensions in both or all directions. Under the lattor condition-viz, the mapping 
of large nrow of approsimately equal magnitudes in all directions appronching tlie 
dimensions of a hemisphere, combined with the condition of preserving azimuths 
from a centrnl point-tho Lambert zenithal equal-area projection and the stereo- 
graphic projoction are prcferable, tho formcr being tlie cquul-nrea representiition 
and tho lnttcr tho conformal roprcsentntion. 

A study in tho distortion of scnle and area of four diffcrent projoctions is given 
in frontispiece. Deformation tables giving errors in scale, urea, and angular dis- 
tortion in various projections are published in Tissot's M6moire sur la Reprbsentn- 
tion des Surfaces. These elements of the Polyconic projection are given on pages 
166-167, IT. S. Coast and Geodotic Survey Special Publication No. 57. 

The mapping of an entire hemisphero on a secant conic projection, whether con- 
formal or equivalent, introduces inadmissiblo errors of scale or sorious errors 
of area, either in the center of the mnp or in the rcgions beyond the standard 
parallels. It is better to reserve the outer arcas for title space 11s in Plato I rather 
than to estond tho mapping into them. The polar regions should in any event be 
mapped separately on a suitable polar projection. For an equatorial belt a cylin- 
drical c o n f o m l  or a cylindrical equal-area proj ection intersecting two parnllels 
quidistan> from the Equator may bo employed. 

The lack of mention of a large number of cscellent map projections in Part I1 
of this treatise should not cause one to infer that tho authors deem them unworthy. 
It was not intended to cover the subject in toto at  this time, but rather to caution 
against the misuse of certain types of projoctions, and bring to notice a fow of the 
interesting features in the progress of mathenlatical cartography, in w~hich tho thoory 
of functions of a complex variable plnys no small part to-day. Without tho 
elements of this subject a proper trontment of conformal mapping is impossible. 

On account of its spocializod nature, the mathematical element of cartography 
has not appealed to tho amateur geographor, and tho number of those who havo 
received an adequate mathematical training in this field of research are fow. A 
broad gulf has heretofore existed between tho geodesist, on the one hand, and the 
cartographer, on the other. Tlic interest of the former too frequently ceases tit the 
point of presenting with sufliciont clearness the value of his ltibors to tho latter, with 
the result that  many chart-producing agencies resort t o  such systems of map pro- 
jection tls are readily available rather than to those that aro ideal. 

It is bocauso of this utilitarian tendency or negligence, together with the mani- 
fest aversion of tho cartographer to cross the threshold of higher mathematics, that  
those who care more for the theory than tho application of projections havo not 
received tho recognition due them, and tho omployment of autogonal (conformal) 

.. -- 
5 Pngo 75, Tlssot's M6molrc sur In Roprbcntntioii dcs Surhccs, Pork, 1881--"Nous nppcllcrons aufogonaks lcs projoctions qul 

conserventlw angles, ot aufAaliquca colles qui comervent Ica alres." 
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projections has not been oxtensiro. The lnbors of Lambert, Lagrange, and Gauss 
are now recciving full npprecintion. 

I n  this. connection, the following quotation from volume IV, page 405, 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 tho eye a picture of what appears on the surface of the 
earth, we should limit ourselves to projections which are conformel. And, a8 the construction of the 
r6adau of meridians and parallels is, except in  maps of small regions, an important part of the’laljor in- 
volved, it should be composed of the most w i l y  drawn curves. Accordingly, i n  a well-known memoir, 
Imgange recommended circles for thiR purpose, i n  which the straight line is included as being n circle 
whow center is nt infinity. 

An attrnctivo field for futuro rosearch will ho in the lino in which Prof. Goode, of 
the Univorsity of Chicago, hns contributod so substantially. Possibilitios of other 
combinntions or interruptions in tho snmo or different systems of map projection mny 
solvo some of tho othor problems of world mapping. Several interesting studies given 
in illustration at  tho end of the book wili, we hope, suggest ideas to the student in 
this particular brnnch. 

On all recent French maps the n m e  of the projection appears in the margin. 
This is oxcellont prnctico and should be followod u t  all times. As different projec- 
tions havo diflerent distiiictivo properties, this fcuture is of no small value and may 
serve as a guido to ttn intelligible, appreciation of tho map. 
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DESCRIPTION. 
[See fig. 47.1 

The polyconic projection, devised by Ferdinand Hassler, the Grst Superintend- 
ent of the Coast and Geodetic Survey, possesses great popularity on account of 
mechanical ease of construction and the fact that a general tablee for its us0 has been 
calculated for tho whole spheroid. 

It may be intoresting to quote Prof. Hassler' in connection with two projec- 
tions, viz, the intersecting conic projection and the polyconic projection: 

1. Projection m an intereecting cone.-The projection which I intended to uae waa the development 
of a part of the earth's surface upon a cone, either a tangent to a certain latitude, or cutting two given 
paraEZeb and two meridians, equidbtnnt from tho middle meridian, and extended on both sides of the 

FIG. 47.-Polyconic development of the ephere. 

meridian, and in latitude, only 80 far aa,to admit no deviation from the real magnitudes, sensible in the 
detail siuveye. 

2. The polyconic projection.-* * * This distribution of tko projection, in an assemblage of 'aec- 
tiona of aurfacect of successive cones, tangenta to or cutting n reylnr succession of parallola, and upon 

8 Tables for the polyconic profcotion of maps, Coast and aoodctic Survoy, Speclnl Publication No. 6. 
Papon on varlous anbfccts WMoOtcd with the survoy of tho coast of the Unlted States, by F. R. Ilassler:conlmunicatsd 

Mar. 3,1820 (In Trans. Am. Phil. hc., nowsorlw, vol. 2, pp. 406-408, Pblladolphio, 1825). 

' s a  
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regularly changing central meridians, appeared to me the only ono applicable to the coast of the United 
Statcs. 

Ita direction, nearly diagonal through meridian and parallel, would not admit any other mode founded 
upon a singlo meridian and parallel without great deviations from tho actual magnitudea and shape, 
which would have considorsble(di~dvantages in use. 

i 

&-scale distortion 

Fro. 48.--Polyconic dovelopment. 

Figure on left above shows the centers ( K ,  K1, K,, K,) of circlos on the projec- 
tion that represent the corresponding parallels on the earth. Figure on right 
abovo shows the distortion at  the outer meridian due to tho varying radii of the 

A central meridian is assumed upon which the intersections of the parallels are 
Each parallel is then separately developed by means of a tangent 

cone, the centers of the developed arcs of parallels lying in the extension of the cen- 
tral meridian. The arcs of the developed parallels are subdivided to true scale 
and the meridians drawn through 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 kith the longitudinal distance from the central meridian. The intersections 
between meridians and parallols also depart from right angles as the distance increases. 

From the construction of the projection it is seen that errors in meridional 
distances, areas, shapes, and intersections increase with the longitudinal limits. 
It therefore should be restricted in its use to maps of wide latitude and narrow 
longitude. 

Tho polyconic projection may be considered as in a measure only compromising 
various conditions impossiblo to bo represented on any ono map or chart, such as 
relate to- 

. circles in tho polyconic development. 

- truly spaced. 

First. Rectangular intersections" of parallels and meridians. 
8 Tho errors In moddlonal scalo and area aro oxprossed In porcentago very closely by tho formula 

E- + (l+)' 

In wlllch Io-diatanco ofpoint from central merldian expressed In degrees of longltudo, and (p-latitude. 

moridian and tho aame mount for area. 

meridian 15' dlstant from the central merldian; at 30' distant It increases to 6' 38'. 

ofadmuth Is ono-liallol tho abovo amounts. 

EXAMPLE.-For latltudo 39. the orror lor 10.25' 22" (as0 statuto milea) doparturo In longltudo la 1 per cent lor sad0 along the 

Tho angulardlstortionls a variablo quantlty not oasily oxpressed by an cquatlon. In latitude 30Othis dlstortlonls 1.27'0~ the 

Thegroateat angular dlstortion In this projection ia at the Equator, dwreaning to cero an wo approaoh tho pole. The distonlon 



60 U. S. COAST AND GEODETIC SURVEY. 

Second. Equal scaleB 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 areasQ with those on tho sphere, etc. 
The polyconic projection is by construction not conformal, neither do the 

parallels and meridians intersect at right angles, as is the case with all cmical 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 within 
certain limits. 

As stated in finks’ 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. 

Tlle 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 Survoy. 

CONSTRUCTION OF A POLYCONIC PROJECTION. 

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

SMALL- SCALE PROJECTIONS (1-500 oo(l 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 mm,) and sub- 
divide the intervals for each parallel (m, and m,) to be represented, all 
being taken from the table (p. 7, Spec. Pub. No. 5 ,  “Lengths of degrects of the 
meridian ”). 

Through each of the points (ml, 3, m,, m,) on the central meridian draw addi- 
tional cotistruction lines (cd, ef, gh, ij] perpendicular to the central meridian, and 
mark off the ordinates (z, z,, z,, zs, z,, 2,) from tho central meridian corresponding 
to the values’O of “ X ”  taken from the table under “Coordinates of curvature” (pp. 
11 to 189 Spec. Pub. No. 51, for every meridian to be represented. 

At the points b, zl, zz, z8, z4, 2,) lay off from each of the construction lines the 
corresponding of ‘‘ Y ”” from the table under “Coordinates of curvature” 

~ ~~~~~~ 

@ Footnote on preceding page. 
10 Tho lengths of the nrcs of the meridians and pnrnllels change when the lntitudo chnnges nnd all dbfancra must be taken 

11 Approximnto method of doriving the vnluos of y intermediate between thme shown In the tnble. 
Theratio of any f w o  aucccsdue ordinafa ofcurvalure eqFalu fhe rotlo ofQe #quare8 of fhc  corresponding arcs. 
Ezample8.-Latitude 00” to  81”. OivOn the value of y for longitude SI’, 202.W (see tnble), to obtain the value of y for longitude 

from the tnble opposite the latitude of the point in use. 

5s. 
(SI)1 (65)’_Y. honre y-354.T (sm table). . . *. 

Similnrily, y for 3”-3705m. 
$-=&; homo y for 1°-6747m, 

which diners 20 from-the tabular value, n negligible quanlity for the intermedinto mlum of y under mOSt conditlons. . 
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Fro. 49.--Polyconic projection-construction plate. 

(pp. 11 to 189, Spec. Pub. No. 5 ) ,  in a dircction parallcl to  the central meridian, 
nhovc tho construction lines if north of the Equator, to determine points on the 
meridians and parallels. 

Draw curvcd lines through the points thus determilied for tho meridians arid 
parallels of thc projection. 

LARGE-SCAI,E PROJECTIONS (1-10 000 AND LARGER?. 

Tho above method can be much simplificd in coiistructing a projcctioii on a 
large scale. Draw tho cciitral meridian and the construction line ab, as directed 
above. On tho central meridian lay OK the distanccsla nun2 and mm, talien horn 
the tablo under “Continuous sums of minutes” for the intomals in miiiutcs botwcen 
tho middle parallcl and the oxtrcme parallels to be reprcsentcd, and through the 
points m, and m, draw straight lines cd and cf parallcl to  the line ab. On the 
lines ab, cd, and ef lay ofl tho distances12 mx,, %x,, and m,x, on both sides of tho 
central meridian, taking the values from the tablo under “Arcs of tho parallcl in 
meters” correspondiug to  tho latitudo of the points m, m,, and m,, rcspcctivcly. 
Draw straight lines through thc points thus dotcrmiiicd, x6, for the extrcmc mcridiaiis. 

19 Tho 1on:tla of tho nrcs of tho moridinns nnd pnrnllols chnngo whon tho lntltiidoclinngcs and all dislanrcs must bo tnkau from 
tho tnblo oppmlto tho lotitudo of tho point in use. 
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At the points z6 on the line ab lay off the value1s of y corresponding to the inter- 
val in minutes between the central and the extreme meridians, as given in the table 
under “Coordinates of curvature,” in a direction parallel with the central meridian 
and above the line, if north of the Equator, to determine points in the central parallel. 
Draw straight lines from these points to the point m for the middle parallel, and 
from the points of intersection with the extreme meridians lay off distances1s on the 
extreme meridians, above and below, equal to the distances mm, and mm, to locate 
points in the extreme parallels. 

Subdivide the three meridians and three parallels into 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 can 
be constructed graphically. 

In the “largascale projection” method, the use of the table of “Arcs of the parallel” Instead of X coordlnates, although not 
theoretlcnlly correct, is 8uMclently murate for projections even up to scale 1 : 40 OOO. Due to the fact that the X coordlnates are 
not supplied In the table for latitudes lntermedlete between degrees, It is convenlent to use arc lengths Instead of X coordlnates 
In order to wold lnterpolatlon. However, It becomes necaSSBTy In projectlons of large longltudinal extent In scales smaller than 
1: 40 OOO to apply a check on the two set8 of values, and to UBB the X coordlnates when they hewme smaller than the values taken 
from the “Arcs of the parallel.” 

A more frequent use of Y coordinates Is neclansary BS soales become smaller than 1: 10 OOO; and on Intermedlate soales up to 
1 : (OOOO It la generally sufflclent to apply the Y wordhates on the central, upper, and mlddle parallels at thelr extremities, and at 
intermediate Intervals of such frequency BS wlll be gmphlcally needful. 

Coordinates for the projection of m a p  on various scales with the inch as unit, are published by the 
U. S. Geological Survey in Bulletin 050, Geographic Tables and Formulas, pages 34 to 107. 

TRANSVERSE POLYCONIC PROJECTION. 

(See Plate 11.) 

If the map should have a predominating oast-and-west dimension, the poly- 
conic properties may still be rctained, by applying the developing cones in a trans- 
verse position. A great circle at right angles to a central meridian at the middle 
part of the map can be made to play the part of the, central meridian, the poles 
being transferred (in construction only) to the Equator. By transformation of 
coordinates a projection may be completed which will give all polyconic properties 
in a traverse relation. ”his process is, however, laborious and has seldom been 
resorted to. 

Since the distance across the United States from north to south is less than 
three-Bths of that from east to west, it  follows, then, by the above maniptilation 
that the maximum distortion can be reduced from 7 to 23 per cent. 

A projection of this type (plate 11) is peculiarly euited to a map covering an important section of 
the North Pacific Ocean. If a great circle peeeing through San Francisco and Manila is treated in con- 
struction a.a a central meridian in the ordinary polyconic projection, we can croes the Pacific in n nnmw 
belt so aa to include the American and Asiatic coasta with a vcry small scale distortion. By traneforma- 
tion of coordinatee the meridians and parallels can be constructed 80 that the projection will present 
the m a l  appearance and may be utilized for ordinary purpoaea. 

The configuration of the two continents is such that all the prominent features of America and 
eastern Asia are conveniently close to this selected axis, viz, Panama, Brito, San Francisco, Straits 
of Fuca,’ Unalaska, Kiska, Yokohama, Manila, Hongkong and Singapore. It is a typical case of 
a projection being adapted to the configuration of the locality treated. A map on a transverse 
polyconic projection aa here suggwted, while of no special navigational value, is of interest from a 
geographic standpoint as exhibiting in their true relations a group of important localities covering 
a wide expanse. 

For method of constructing this modified form of polyconic projection, see C o a t  and Geodetic 
Survey, Special Publication No. 57, pages 167 to 171. 

the table opposlb the latitude of the point in use. 

-- 
IJ The lengths of the arcs of the merldlans and parallels change when the latltude changes and all dfatancca must be tnken from 

14 A great circle tangent to parallel 46’ north latltude at 160’ west longitude was choseq IU the axis of the projection In this plate. 
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POLYCONIC PROJECTION WITH TWO STANDARD MERIDIANS, AS USED FOR T H E  

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

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 somewhat 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 60' 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 the central meridian, but not concentric. These two parallels 
are then truly divided. The meridians are straight lines joining the corresponding 
points of the top and bottom parallels. Any sheet &ll 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 at 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, am equal division of the 
central meridian was intended. 
with centers on the central meridian and with radii equal to pn cot (o, in w h i c w  the 
radius of curvature perpendicular to the meridian. In practice, however, an equal 
division of the straight-line meridians between the top and bottom parallels could 
scarcely be distinguished from the points of parallels actually constructed by means 
of radii or by coordinates of their intersections with 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, no doubt, the intention. In any case, the sheets would not exactly 
join together along the parallal of 60' of latitude. 

The appended tables give the corrected lengths of the central meridian from 0' to 
60' of latitude and the coordinates for the construction of the 4' parallels within the 
same limib. Each parallel has its o m  origin; i. e., where the parallel in question 
intersects the central meridian. The central meridian is the Y axis and a perpendic- 
idar to it a t  the origin is the X axis; the first table, of course, gives the distance 
between the origins. The y values are small in every instance. In tarms of the pare 
meters these valum are given by  the expressions 

Through these points, circles could be construc9L.- 

x=pn cot cp  sin (A sin c p )  

y = p n  cot cp [I - COS (X sin (o)] = 2pn cot cp  sin2 - (" st ? 
The tables as givon below are all that are requirod for the construction of all 

This fact in itself shows vory clearly tho advantages 

A discussion of the numerical proportios of this map system is given by 

maps up to 60' of latitude. 
of tho us0 of this projection for the purpose in hand. 

Lallemand in the Comptos Rendus, 1911, tome 153, page 559. 
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TABLES FOR T H E  PROJECTION OF T H E  S H E E T S  O F  T H E  INTERNATIONAL MAP OF T H E  

WORLD. 

[Scale: 1:l OOO OOO. Assumed flguro of the earth: 11-0378.24 km.; b=4356.56 km.] 

TABLE 1 .-Corrected lengths o n  the central meridian, i n  millimeters. 
~- . ___ 

~ . .  .. 
445.81 
444.14 
444.47 
444.81 
445.13 
445.44 

La t i tude  Na tu ra l  1 length 

442. n 
442.31 
442.40 
442.53 
442. 00 
442.80 
443.13 
443.80 
443.68 
443. OR 
444.20 
444. EO 
444.02 
445.22 
445.62 

correc- I cor rec t ed  
t lon length 

-0.27 I 442.00 
.% 442.05 

442.14 
442.27 
442.45 

.22 442.91 m 443.10 
:19 I 443.40 

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

1,atI- 
t udo  

0 

0 

4 

8 

12 

10 

m 
24 

28 
32 

36 

40 

44 

48 

52 

50 

Go 

Coordi- 
nates 

.- . -. - 

3 
1 
3 
1 
3 
V 
r 
1 
3 
1 
3 
V 
I 
1 
2 
Y 
2 
V 
I 
V 
2 
V 
3 
V 
2 
Y 
2 
1 
3 
LI 
r 
U 

Longitude from contra1 
meridian 

111.32 
0. 00 

111.05 
0. 07 

110.24 
0. 13 

108.00 
0. 20 

107.04 
0. 26 

104.65 
0. 31 

101. i5 
0.30 

98.30 
0. 40 

04.50 
0.44 

80.16 
0.40 

k5.40 
0.48 

80.21 
0.40 

74. B 
0.48 

08. @a 
0.47 

02.39 
0. 45 

65.80 
0.42 

20 

222. el4 
0. 00 

222.10 
0. 27 

220.40 
0. 54 

217.81 
0. 70 

214.07 
1. a3 

208.20 
1.25 

203. GO 
1.45 

1uo. 72 
1. ni 

188.98 
1.75 

180.32 
1. 85 

li0. iU 
1. 02 

loo. 40 
1. 05 

140. 24 
1.94 

137. 34 
1. u0 

124.77 
1.81 

111.59 
1.00 

30 

333. w 
0.00 

333. 10 
0.01 

330.73 
1.21 

320.71 
1. i 8  

321. 10 
2.32 

313.93 
2. 81 

305.24 
3. 25 

205. 00 
3. 63 

283.45 
3. 03 

270.10 
4. IB 

250. 14 
4.31 

240.58 
4 .38  

223.83 
4.30 

4.25 
187.13 

4.00 
107.35 

3. 80 

205. on 

I n  the debates on the intermatima1 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 togetner and at  the same time be impartially representative 
of all meridians m d  parallels. Every sheet edge in the international 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 simultancously; 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 wedgc-shaped gap unfilled. as shown in 
the figure. I t  is, howover, easy t& calculate that the discontinuity at  the points 
a or 2, in a block of nine sheets, will be no &ore than a tenth of an inch if the paper 

Prci. 50.-International map of the world-junction of dieeta. 

preserves its shape absolutely unaltered. What it mill be in practice depends 
entirely on the paper, and a map mountcr will have no difficulty in squcczing his 
shects to make the junction practically perfect. If more than nine sheets are put 
together, the error will, of course, increase somewhat rapidly; but at tho 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 considerod 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 unattain- 
able ideal. 

Concerning the modified polyconic projection for the international map, Dr. 
Frischauf has little to say that might be considered as favorable, partly on account 
of errors that appeared in tho first publication of the coordin2tes. 

The claim that the projection is not mathematically quite free from criticism 
and does not meet the strictest demands in the matching of sheets has some basis. 
The 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 tho problem of special scientific properties of the latter with its limitations to 
separate countries or countries of narrow latitudinal extent, as compared wilh the 
modified polyconic projection, which has no scientific interest, but rather a value of 
expediency. 

In the modified polyconic projection the separate sheets are sufficiently good 
and can be joined any one to  its four neighbors, and fairly well in groups of nine 
throughout the world; in the Alb~m projection a greater number of sheets may be 
joined exactly if the latitudinal limits are not too great to necessitate new seriee to  

98478"--3R---.i 



66 U. S. COAST AND GEODETIC SURVEY 

the north or south, as in the c u e  of continents. The latter projection is further 
discussed in another chapter. 

The modified polyconic projection loses the advantagcv of the ordinary polyconic 
in that the latter has the property of indefinite extension north or south, while its 
gain longitudinally is offset by loss of scale 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. Rosh ,  of Sweden, on the limi- 
tations 

The junction of four sheets around a common point is more important than 
junctions in Greek-cross arrangement, as providod 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 similar directions from the same point, 
and the calculation of surface differences is specially complicated. 

For simplicity in mathematical respects, Prof. R o s h  favors a conformal conic 
projection along central parallels. By the latter system the sheets can be joined 
along a ~:ornmon meridian without a seam, but with a slight encroachment 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 sufliciently 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 lo 

is only =&, or about one-third of n millimeter in the height of a sheet; and in the 
direction of the parallels &, 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. 

I 1*Ibld., p. 881. 

of this projection are of interest: 

.. - 
16 See Attl del X Conyesso Internazionale dl Oeogda,  Roma, 1913, pp. 87-42. 
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THE BONNE PROJECTION. \ j 1, 

DESCRIPTION. 

[So0 fig. 51.1 

In  this projection a central meridian and a standard pardel  are assumed with 
a cone tangent along the standard parallel. The contra1 meridian is developed 
along thnt element of the cone which is tangent to it and tho cone developed on a 
plane. 

BONNE PROJECTION OF HEMISPHERE 

Development of cone tangent along parallel 45' N. 

n o .  61. 

The standard parallel f d s  into an arc of a circle with its conter n t  tho apex of 
the  developing cono, and the central moridian becomes a right line which is divided 
to true scale. The pard& are drawn as concentric circles at  their true distances 
apart, and all parallels are divided truly and drawn to scdo. 

Through tho points of division of the parallels tho meridians are drawn. The 
central meridian is a straight line; all othnrs aro cunvs, tho curvature increasing 
with the difforence in  longitude. 

The scab along all meridians, excepting the central, is too great, increasing with 
the distance from theqenter, and the meridians become more inclined to  the.parallels, 

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

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

It is also used in Belgium, Netherlands, Switzerland, and tho ordnance surveys 
of Scotland and Ireland. I n  Sticler’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, tho center of projection is found 
at the intersection df the meridian of Paris and the parallel of latitude 50° (=45’). 
The border divisions and subdivisions appear in grades, minutes (ccntcshd),  sec: 
onds, or tenths of seconds. 

LrhrITATIoh.s.-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 Nsacc, or western Germany, it 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 mas 
intended to serve. 

THE SANSON-FLAMSTEED PROJECTION. 

In  the particular case of the Bonne projection, where the Equator is chosen for 
the standard parallel, the projection is generally known under the namc of Sanson- 
Flnmstecd, or as the sinusoidal equal-area projection. AN the parallels become 
stpight lines parallel to thc Equator and preserve the same distances t19 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 equd 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, would give 
somewhat better results than the Sanson-Flamstecd projcction. 

CONSTRUCTION OF A BONNE PROJECTION. 

Due to the nature of the projcction, no general tables can be computed, so that 
for any locality special computations becomo necessary. Thc following mothod 
involves no difficult mathematical calculations : 

Draw a straight line t o  represent the central meridian and crect a perpendicular 
to it at the center of tho sheet. With the central meridian as Y axis, and this per- 
pendicular as X axis, plot the points of the middle or standard 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 tho stnnd- 
ard parallel. 

The radius of tho circle represonting the parallel can be dotcrmincd as follows: 
The coordinates in tho polyconic table arc given for 30’ from the central meridian. 

1’ Tables for thls projection for the map of France were computed by Plcssis. 
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With the x and y for 30°, we get 
X tan8-Y’ and rI = - 2 2’ sir, e 

(e being the angle at the center subtended by tho arc that represcnts 30° of longitude). 
By using the largest values of z and y given in the table, tho vnluo of r, is better 
determined than it would bo by using any other coordinates. 

This value of r ,  can be dorived rigidly in  the following manner: 

r ,  = N cot 4 

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

(A’ being thc factor tabulated in Special Publication KO. 8, U. S. Coast and Geodetic Survey). IIence, 

From the radius of this ccntral parallel tlic radii for tho othcr parallels can now 
be calculated by the addition or subtraction of the proper values taken from the 
tab1 of “Lengths of degrees,’,’ U. S. Comt and Geodetic Survey Special Publica- 
t&o. 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 ns stated abovc. If 0 denotes tho angle between 
the centrnl meridian and the radius to any longitude out from the ccntrnl meridian, 
and if P represents the arc of the parallel for 1’ (sco p. 6, Spec. Pub. No. 5 ) ,  w e  obtain 

P e in seconds for 1’ of longitude=-.- - e  r sin 1’” 

b e chord for 1’ of longitude=2r sin-. 2 

Arcs for any longitude out from tho central mcritlian cnn hc laid off by ropcnting 

0 can be determined moro accurately in thc following wny by tho use of Special 

A” = the longitude in seconds out from tho ccntrnl moridian; thcn 

this arc for 1’. 

Publication No. 8 :  

X“ cos 4 
r A’ sin 1”’  6 in seconds =- 

This computation can be made for the grcntest A, and this 8 can be divided 

If coordinates are desired, we get 
proportional to the required A. 

x = r sin e. 
e y = 2 r  sina-. 2 

The X axis for tho parallel will be perpendicular to the central meridian at  the 
point where tho parallel intorsects it. 
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If the parallel has been drawn by the use of the beam compass, the chord for 
the X fnrthest out can be computed from the formula 

e chord = !?r sin- - 2 

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

The meridians can be drawn ns smooth curves through the proper intersections 
In this way all of the elements of tho projoction may hc dcter- 

with tho meridians. 

with the parallels. 
mined with minimum labor of computation. 

>' 
\ , 

', 



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

[See Frontispiece.] 

'I'hiS is probably the most important of the azimuthal projections and was em- 
ployed by Lambert in 1772. The important property being the preservation of 
azimuths from a central point, the term zenithal is not so clear in meaning, being 
obviously derived from the fact that in making a projection of the celestial sphere 
the zenith is tho center of the map. 

In this projection tho zenith of the central point of the surface to be represented 
appears as pole in the center of the map; the azimuth of any point within the sur- 
face, as seen from the central point, is the same as that for thc corresponding points 
of the map; and from the samc central point, in all directions, equal greatrcircle 
distances to  points on thc earth are represented by equal linear distances on the map. 

It has the additional property that areas on thc projection are proportional to 
the corresponding areas on the sphere; that is, any portion of the map bears the 
same ratio to the region represented by i t  that any othcr portion docs to its corrc- 
eponding region, or the ratio of area of any part is cqual to the ratio of of the 
wholo represmtation. 

This type of projection is wclI suited to the mapping of arcas of considerable 
extcnt in all directions; that is, areas of approximately circular or squaro outline. 
In the frontispiece, the baso of which is a Lambert zenithal projection, the line of 
2 pcr cent scale error is rcpreaented by the bounding circle and makes a v e r y  favorable 
ahowing for a distanco of 22' 44' of arc-measure from the center of tho map. Zincs 
of other given errors of scale would thereforc be shown by concentric circles (or 
almucantm), each one representing a small circle of tho sphere parallel to the horizon. 

Scale error in this projection may be determined from the scalc factor of the 

almucantar as represented by the expression - in which 6=nrtual distanco in 

Brc measure on osculating sphere from center of map to m y  point. 
COS 4 e 

Thus we have tho following percentages of scale error: 

' - -- 
I Distance In 050 from 

conter of mnp , 'do Onor 

~ r p r e c s  I ~ n c e n t  
6 I 0.1 

1 Bo I 15.6 I 
In this projection azimuths from the center are true, as in all zenithal pro- 

jections. The scale along the parallel circles (almucantars) is too largo by the 
amounts indicated in the above table; the scale along their radii is too small in 
inverse proportion, for the projection is equal-area. The scale is increasingly wrone- 
ow as the distance from tho centcr increases. 

71 
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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 been employed by the Survey Depart- 
ment, Ministry of Finance, Egypt, for a wall map of Asia, as wcll as in atlases for 
the delineation of continents. 

The projection has also been employed by the Coast and Geodetic Survey in an 
outline base map of the United States, scale 1 : 7500000. 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 crror 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 projection, 
dcscribed in another chapter. 

The maximum error of scale at the eastern and western limits of the Vnited 
Statcs is but 16 per cent (the polyconic projcction has 7 per ccnt), while the maxi- 
mum error in azimuths is 1’ 04’. 

Betwecn a Lambert Zenithal projection and a Lambert conformal conic projection, 
which is also employed for base-map purposes by the Coast and Geodctic Survey, on 
a scale 1 : 5 000 000, the choice rests largely upon the property of qual areas repre- 
sented by the zenithal, and conjma2ity as represented by the conformal conic pro- 
jection. The former property is of considerable value in the practical use of the 
map, while the latter property is one of mathematical refinement and symmetry, the 
projection having two parallels of latitude of truc sealo, with definite scale factors 
available, and the advantagcs of straight mcridians as an additional clement of prime 
importance. 

For the purposes and genwal requirements of a base map of the United States, 
disrc>garding scale and direction ( ~ o r s  which are conveniently small in both pro- 
jcctions, 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 connchction and which 
bids fair to supplant cither of the above. (See frontispiece and table on pp. 54,55.) 

Among the disadvantages of the Lambert zenithal projection should be men- 
tioned the inconvenience of computing the coordinates and tho plotting of tho double 
system of complex curves (quartics) of the meridians and parallels; tlie intersection 
of these systems a t  oblique angles; and the consequent (though slight) inconvenience 
of plotting positions. Tho employmnt of degenerating conical projections, or rather 
their extension to large arcus, leads to dificulties in their smooth construction and 
use. For this rcason t h o  Lambcrt zenithal projection hm not bcen 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 froritispiece is latitude 40’ and longitude 96’, correspond. 
ing closely to the geographic center bf the United States, which has been determined 
by means of this projection to be approximately in latitude 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 directions from tho central point being the 
same, this type of projection is admirably suited for the determination of the geo- 
graphic center of the United States. 

18 ‘ 1  Qoographlc contor of tho United State&” is horo consldorod as 8 point analogous to tho conter of gravity of a sphorlcalsurfaca 
equally wolghtcd (por unit area), and honco may bo found by moans simlsr to thaw omploycd to flnd tho contor of gravlty. 
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The coordinatcs for the following tablcs of the Lambert zenithal projectionlo 
were computed with the center on parallel of latitude 40°, on a sphere with radius 
equal to the gcomctric mean between the radius of curvature in the meridian and 
that perpendicular to the meridian at  ccnter. Tho logarithm of this mean radius in 
mctcrs is 6.8,044400. 

THE LAMBERT EQUAL-AREA lYlERIDIONAL PROJECTION. 

This projection i u  iilso known as the Lambcrt ccntrnl rquivalent projection 
upon the plnnc of a meridian. In this case wc have the projection of the parallels 
and meridians of thc tcrrcstrial splirre upon the plano of any meridian; tho center 
will be upon the Equator, and the given mcridionnl plano will cut thc Equator in 
two points distant cach 90° from the center. 

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

Tables for the Lambert meridionnl projection are given 011 page 75 of this publica, 
tion, and also, in connection with the requisite traiisformntion tables, in Latitude 
Developments Connected with Geodesy and Cartography, U. S. Coast and Gcodctic 
Survey Special Publication No. 67. 

The useful property of equivdonce of area, combined with w r y  sinall error of 
scale, makes the Lambert zenithal projection admirably suited for extensive areas 
having approximately equal magnitudes in d l  directions. 

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

I_-- -. - 
Longltndc 0' Longlludo 5" , Longltudo 10" i Lonf$tudo 15" 

I Latitude 

Bo-. ...... 
86". ...... 
80'. ...... 
75'. ...... 
70'. ...... 
65'. ...... 
GO". ...... 
65'. ...... 
45". ...... 
40'. ...... 
350. ...... 
30". ...... 
25 ....... 
2 0 0 .  ...... 
15'. ...... 
10'. ...... 
50 ........ 
3". ....... 
-Fa0... ... 
-10'. .... 

500. ...... 

N e l c r s  ' Netrra 
0+63H781)5 
0!+4878703 
0 +4 360 354 
0'+3833044 
4+3 288637 

01- 660080 
0 1111133 
01-1 004068 
0'12 213 809 
I 
01-2 759 350 
01-3 299 637 
01-3833044 
0-43003M 
0'-4 878 703 
0) -5 387 A85 

,Ve\lelcrs N&rs 
0 +5387 886 

52414 +48606BB 
102870 +4303859 
150800 +3838872 
190 770 +3 300 041 

Jlclcra Nclcrs 
4+6387885 

104 453 +4 SUO 086 
204 805 +4 374 381 
300 777 +3 855 490 
392 367 +3 326 225 

Netera A f C t c r S  
0+6387885 

165742 +4896190 
305 200 +4 391 792 
448 660 +3 878 743 
685 679 4-3 357 113 

- N e f n a  Meters 
264004+4924009 0 +5 387 8As 

499 687 +4 447 015 
734 842 +3 958 088 BBOm +3458Y91 

240671 +2780884 

........I .......... 1 ........I .......... ........ 1 ..........I........ I .......... I.. ...... I .......... 
10 A mathomntlcnl nccouit of thlv projectJon Is glvon in: Z6ppdte, Prof. Dr. Ilac1,teltIadon doc KarttrnoiitwiirIslohro, E W  

Thell, LolpLLg, ISDQ, pp. 38-44. 
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Af-8 

301481 
591 868 
871 320 

1 139 3W 

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

-. __ - __ - - -- . _- _______ 
I~ngitudo 30" I Longitude 35' Longitlido 40" I Longitude 45" 1 Loncltiide Mo Longttudo 55' 

I Lali t udo 

.vetnu I .tfetns .vetnu +\fetns ~ e t e r a  :.fetus I ~ c t r r s  I 
0+5387&%5 0 +5 387 88.5 0 -1-5 3R7 RR5 0, f 5  387 885, 

+4943517 346141 +488R2Bn 3R8315+4992OR7 427069+5020Rl5' 
+4 484 481 680 290 +4 528 232 763 928 +4 678 013 842 275'+4 033 5201 
+4 012 017 1002 146 +4 075 OW 1 1211 401 +4 147 M.1243 21f11+4 227 345 1 
+3 527 34511 311 367 +3 008 121 1 475 260 +3 700 352 1 029 866'+3 803 605,l 

90". ...... 
85'. ...... 
80'. ...... 
750. ...... 
70'. ...... 

Jfefns 
0 

403 901 
914 747 
351 741 
770 008 

05". ...... 
t i 0  ....... 
55'. ...... 
.5n"... .... 
45'. ...... 
40'. ...... 
350.. ..... 
25'. ...... 
20'. ...... 
300.. ..... 

X c k s  .%fCtns Mefir8 
+h 387 M 0 +6 357 885 
+6 052 260 496 749 +6 ORB 182 
+4 694 410 980 794 +4 780 300 
+4 316 R89 1451 180 +4 411 641 
+3 908 385;1911977 +4 051 990 

15O.. ..... 
54.. ...... 
0" ........ 
-50. ._ ~. . 
-10'. 

ino.... ... 

.... 1. 

3 238 8851-2 276 20813 751 441 
3 341 257 -2817321 3 871 917 

3 544 456-4 421 288 4 112 11R 
, ......... 1. ......... 14 14'1 912 

3 426 851 -3 355917'3 972 724 
3 494 820 -3 8~09~514 053 078 

I 

-2 I01 311'4 251 505 -1 1199 211 4 730 897 -1 609 77915 205 559 -1 412 801 .................. 
-3 1R2 747 4 6fA 751 -2  9R2 475.5 027 097 -2 754 883'5 531 S.55 -2  499 703 .................. 
-3 720 706 4 600 c#n -3 57.3 8M5 133 8.55 -3 299 979 5 052 831 -3 048 927 .................. 
-4 255 393 4 009 (rJ.1-4 OTa 478 5 213 471 -3 845 293 .................................... 
-4 785 731 4 712 6 3 R  -4 800 807 5204 034 -4 389 713 .................................... 

-2  64'2587 4 390 271 -2 ~167914 R94 407 -2  211 115 5382 331 -1 953 979 .................. 

3 A38 131 
4 222 340 
4794678 

...........I 
.-. - 

I I 

+3303571,21Ro973+3sO777'2340003+3(i50347 
+290847012671 659 r3M7OgRZ7702801+3140321 

+14M 921 3 636 800 +lo75 284 3 930 1231+19W 435 

+2 439643 2944 994 7 2  fll7 467 3 175970 +2812236 
+ I  957 905 3 300 4on + 2  153 154 3 602 936 +2  307 231 

+5 050 207 3 630 304 +5 311 321 
+4 1174 439 4 220 414 +5 176 808 
+4@33682 4811080 +5005259 ............................................... ........................................................... ................................................ 

930. ...... 
R5'. ...... 
Pa0 ....... 
75". ...... 
700. ...... 

....... 
On... .... 
55 O ....... 
W". ...... 
45'. ...... 
40 O... .... 
35' ....... ........................................................................ .......................................................................................... 

-. .. _. _. . . . .  .~ . .  - _. 1 Lmlg1Ludo 00" 1 1,ongltiido 95' 1 1,ongitudo 100" 

M e l r r a  
80". ................................................... 
85".. .................................................. 013 457 
80'. ................................................... 1 215 008 
75 ...................................................... 1 a2031 
70' .................................................... 1 24344% 
G5 '. ................................................... 1 3 028467 

me.. .......... 
55.. ........... 
50'. ........... 
4.5.. ........... 

........................................ 1 3 612658' ........................................ I 4 1753421 ........................................ I 4 7432W 

........................................ 5 285429 
4 0 O . .  .............................................................. .................................................. I j: 
_- . . I.... ........ -. 350.. 

'4 793 373' 
+4 he7 9281 
+4 330 321 
+ 4  048 873). 
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TABLE FOR THE CONSTRUCTION OF THE LAMBERT ZEMTHAL EQUAL-AREA 

75 

0:201052 
0.250302 
a258351 
0.254?05 
0.249020 

MERIDIONAL PROJECTION. 
[Coordlnatos in units ofthe oarth's mdius.] 

-- 

0.000000 
0.087800 

0.283205 
0.350199 

0 . 1 7 5 8 ~  

o.... 
5.... 
10.. . 
15. .. m... 
w... m... 
35 ... 
40 ... 
45... 

bo... 
5b... 
&I... tu... 
70 ... 
75... m... 
Ki ... w... 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0.ooMWx) ' 
0.057323 
0.174470 
0.201287 
0.347017 

0.433272 

0.881005 

0.518096 
O.O~)IQB 

0.174311 
0.173812 
0.172313 
0.109R13 
0.100300 

0.161785 

0.142028 

am241 a 148000 

0,242235 
0.2WWJ 
0.224020 
0.212569 
0.1W504 

0.430128 
0.521760 
0.806079 
0.&%9152 
0.770825 

0 . 1 ~ 8 0 0  
O.lORll2 
0.140[)39 
0.130054 
0.108537 

0.084733 
0.05RY18 
0.030(138 
O.ooOoO0 

0.850828 
0,928286 
1. m 7 2 7  
1.050079 
1.152168 

1. 221810 
1.2%'28 
1.3~m-30 
1.414214 

0.001412 
0.688638 
0.685428 
0.672875 

0. &XI939 

0.514021 
0.4137Oi8 
0.4W25 

0 . 6 ~ 3 1 1  

a 6337297 

0. oOryl00 
' 0.001404 

0.273485 
0.303569 

0.462782 

0.027XM 
0.712559 
0.7957W 

n.182701 

0.510832 

0.845237 
0.812017 
0. R?4Xdl 
0.821934 
0.803303 

0 Mxk)o 
o.Mw1237 
0. 192172 
0.287408 
0.381911 

0.. . . 
6.. . . 
10.. . 
15 ... m... 

0.432879 
0.431ti23 
0.427L3.51 
0.421W 
0.412733 

0.705367 

0.750122 
0.744600 
0.728365 

0.708088 
O.oXm3 
0.851842 
0.0109G1 
0.6773Kl 

0.632870 
0.483798 
0.429707 
0.370828 
0.300915 

0.237958 
0.103878 
0.084U8 
O.OoMM0 

0 . 7 u a s  
O . ~ K M O @ l  

0.188533 
0.282142 
0.374912 

0.405022 
0.5.545(3668 
0.645482 
0.732120 
0.816497 

0.808275 
0.977128 
1.052708 
1.124640 
1.19'2324 

1.26592.5 
1.314370 
1.307329 
1.414214 

0.0~411 

66.. . 
OO... 
65.. . 
70. .. 

0.278071 
0.247801 
0.214781 
0.178601 

75.. . 
SO... 
85.. . w... 

0.139220 
0.080411 
0.050147 
0.000000 

0.100449 
0.212397 
0.317341 
0.420776 

1.213305 
1.2o0803 
1.180179 
1.161267 

0.8208oO 
o.SBu)30 
0.841341 
0.797784 
0.744377 

0.495801 
0.5OcGOl 
0.08?076 
0.772879 
a 85~3633 

0.0%4853 

0.M7723 
0.470291 
0.387095 

0.1319275 
a942438 

1.096445 
1.164563 
1.228003 

I. 021230 
a9mi 

I. 131788 
1.059210 

1.198048 
1.257414 
1.308903 
1.3531% 
1.388282 
1.414214 

a813035 

0. ern92 
0.731128 

0.648109 
0.44780(1 
0.312276 
0.232051 
0.117730 
0.OOOooO 

.. 

Longitude 5O I Longltude 10' 

. .  . . . . . .- . . . . . 
I 

I ~ n g i t u d e  20' I Longitude 25O 

!- 
Y I I  

!- 
I 

Y l t  i Y 

0. 000000 
0.087571 
0.174972 
0.20m2 
0.348581 

0.434451 
0.619173 
0.003479 
0.68(i105 
0. 707787 

0.847780 
0.920081 
1.w252 
1.077032 
1.149380 

1.210429 
1.28102 
1.352150 
1.414214 
_- 

I 

0.347280 
D. 340281 
0.343285 
0.338288 
3.531220 

D. 322153 
0.311030 
D. 287835 
D. 282538 
D. 185103 

0.245187 
D. 223ti35 
0. 189-180 
D. 172940 
D. 143914 

0.112217 
0.077878 
0.040529 
0. oww 

2 

0.097239 

0.086241 
0. as4992 
0.083240 

0.078211 
0.074923 

0.060769 

0:001800 

o.om51 
0. 043098 
0.036408 

0.028444 
0.019702 
0.010305 
0.000003 

n. 0 8 0 ~ 1  

a m i  

a 071109 

awga 

-71- 
0.000000 
0.087239 
0.174311 
0.281052 

0.432879 

a001412 
0.084010 

0.845237 

1. moo 
1.074599 
1.147153 

1.217523 
1.285575 
1.351180 
1.414214 

o. 347290 

o. 617638 

a 785307 

a 923497 

0.01xx)oo 
0.088363 
0.178510 
0. m7277 
0.355457 

0 . 4 4 m  
0.528273 
0.014515 
0.098319 
0.779058 

0.961 109 
0.93BBA2 
1.015081 
1.089fn4 
1.lOloBB 

1.229422 
1. w 5 7 9  
1.350283 
1.414214 
-___ 

0. o m  
0.088582 
0.170979 
0.285002 
0.352484 

0.439222 
0.525038 
0.009748 
0.093107 
0.775110 

0.855389 
0.933818 
1.010205 
1.084350 
1.15OO72 

1. 225142 
1.281350 
1.354459 
1.414214 

0.432379 
0.131623 
0.427851 
0.421555 
0.412733 

0.401363 
0. W7420 
0.37os97 
0.351713 
0.329244 

0.305387 
0.278071 
0.247801 
0.214781 
0.17Wl 

0.139220 
0.008471 
0.050147 
0.000000 

0. &1m 
0.924139 
1. o m 3 5  
1.075207 
1.147710 

1.218ooo 
1.285937 
1.351387 
1.414214 

a 123525 
O . l l x o 0  

0.072044 

0.050739 
0.039107 
0.020542 
0.6'30303 

a I M ) ~  a os7211 

-- I 1 -  - 
Longitudo 25" 

tudr 

I 

Longitude 40' Longitudo 30' Longittido 50' 
.. 

LOIlgitUdO 35" 

= I y  
-- 

I I z I 
I- -- I 

0.084040 
0.682ooo 
0. G75879 
0.80m70 
0.0513GI 

0.032810 
0.010307 
0. bUG94 
0.652805 
0.5!7091 

0.478307 
0.434595 

0.333010 
0.2707til 

0.214932 
0.148207 
0.0707013 
0.000000 

a m w  

0.000000 
0.092820 
0.185404 
0.277488 
0.308821 

0.459168 
0.51825ti 
0.035F35 
0.72103: 
0.8053% 

0.88680(3 
0. Q W B  
1.011432 
1.114008 
1.18280Z 

1.247wB 
1.309420 
1.304033 
1.414214 

0.000000 
0. ow310 
0.180411 
0.270093 
0.359147 

0.447301 
0.634523 
0.020417 
0.701820 
0.787531 

0.888302 

1.023100 
1 . w 4  
1.107253 

1.234840 
1 . 2 9 m  
1 . 3 ~ 4 8 0  
1.414214 

a QIOW 

0.517G38 
0.610124 
0.511581 
0. moo1 
a493374 

0.4788114 
0.402910 
0.443023 
0.418000 
0.393766 

0.384280 
0.331518 
0.295345 
0.255087 
0.212423 

O.IOM11 
0.114481 
0.0594n 
0. oorm 

0.000000 
0.089353 
0.178510 
0.207277 
0.355457 

0.442855 
0.528273 
0.014515 
0.695378 

0.801109 
0.93W2 
1.015w1 
1.0891374 
1.101008 

1.229422 
1.294679 
1. w50283 
1.414214 

0. nma 

. 

0.780481 
0.751972 
0.718257 
0.079325 
0.035170 

0.685785 
0.631139 
0.471219 
0.408007 
0.834700 

0.178427 
0.0018R2 
0. oooooo 

0.2-5we 

0.475097 
0.566744 
0. GsO5zI 
0.714114 
0.829184 

0.880210 
1.005441 
1.136697 
1.203228 

0.911320 0 . 4 W  0.876829 
0.383702 0.055528 
0.311338 1.0N750 
0 28.5402 1.101W 
0:245202 I 1.174510 

0.180099 
0.131791 
0. 008301 
0. oO0coo 

1.240SUQ 

1.3010.63 
1.414214 

1.303128 
1.284851 
1.3m:fi 
1.370063 
1.414214 

, 
Longitudo 75O Loiigltudo 60' Longitudo 0 5 O  Longitudo 50' 

Lati- - 
tude 

I Z  

Longltudo 5 5 O  Longitude 70° 
__ 

Y I I I r ; u  
I- 
i 

1 

i 

1 

0 . m  
0.109801 
0.219222 
0.327383 
0.433305 
0 . 6 3 7 ~  
0.0391w 
0.73WJn 
0.830436 
0.919401 
1.003117 
1.080BQ4 
1.162446 
1.210887 
1.273746 
1. a2448 
1.362449 
1.393m 
1.414214 

t 

1.147153 
1.143342 
1.131919 
1.112807 
1.080352 
1.052313 
1.010871 
0.6U2126 
0. w201 
0.813212 
0.773421 
O.OWQ3Q 
0.614a31 
0. 624808 
0.430061 
0.328089 
0. TL4204 
0.114135 
0.000000 

Y 

0.000000 
o.ogtw20 
0.108312 
0.293017 
0.389897 

0.677981 
0.888008 
0.757091 
0.843476 

1.061891 
1.078873 
I, 149898 
1.916078 
1.274884 
1.328158 
1.374885 
1.414214 

a 484802 

a 828012 

I 

0.923497 
0.920022 
0.911095 
0. xD7021 
0.877502 

0. &too40 
0.782723 
0.738682 
0.680834 
0.030495 
0.670381 
0.610018 
0.438234 
0.302271 
0.279782 
0.1911L37 
O.oBR634 
0.000000 

a 851041 

- - a -  i- 
1.000000 
0. Bwypn 
0.987311 
0.971458 
a ww82 

0.000000 
0.1oO7w 

0 . W M ) o  I 1.217523 0.  oOoo00 
0.080237 
0.192172 
0.2R7408 
0.381911 
0.476007 
0.508744 
0.056627 
0.744114 
0.8281M 
0.911320 
0.880210 
I. 005441 
1.130697 
1. m228 
1.264867 
1.320850 
1.370063 
1.414214 

1.074508 
1.071115 
1. ooW70 
1.043270 
1.01Bwi2 

0.94972L 
0.804804 
0. P.53380 
0.795240 
0.730590 a 659655 
0 .6 fEm 
0.408947 
0.409750 

0.214824 
0.100708 
0.000000 

0. 9 m e i  

a 3149s 

0. wm 
0. 103396 
0.20035$ 
0.308444 
0.409211 
0. M8211 
0.oOmx)i 
0.0091z 
0.7oooBi 
0.877461 
0. WXWW 
1.03931> 
1.11280: 
1.18001( 
1.2421w: 
1.28893: 
1.3442% 
1.383681 
1.414214 

0.201021 
0.300570 
0.398801 

0.622193 1.114235 
0.021083 1.009235 
n 7 1 ~ 0 3 ~  I i niRdii 

0.288274 
0.mm 
0.104491 
0.000000 

1.285986 
1.335940 
1.379104 
1.414214 
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TABLE FOR THE CONSTRUCTION OF THE LAMBERT ZENITHAL EQUAL-AREA 

MERIDIONAL PROJECTION-Cont.inued. 
[Coordinates in units of the enrth's radius.] 

. ..... ... ~ - . _. . ~ ._- - -.-. ... ... 
I I Longitudo 7:' i Imigitude Me ' I, imgltudo j Longitudo 90" 

... ...... ~ - Latitude 

.. ... 

0 ............................. 
5 ............................. 
10 ............................ 
15 ............................ 
20 ............................ 
2.5. ........................... 
30 ............................ 
35 ............................ 
40 ............................ 
45 ............................ 
50 ............................ 
55 ............................ ' 
Go ............................ I 

65 ............................ 
70 ............................ 
75 ........................... .I 
80 ............................ I 
85 ............................ I 

Bo ............................ I 

z 
. . . . .  

1.217523 
1.213365 
1.200003 
1.1UO179 
1 . 151257 

1.114235 
1.069235 
1 . OlGlll 
0.95.5052 
0 . &W73 

0.342275 
0.232051 
0 . I17736 
0.000000 

X 

-. .._ 
Y j Z  Y 

.. I...- ' . 

0.000000 
0 . lml 
0.219222 
0.327383 
0.433.805 

0.537905 
0 . Q30100 
0.736805 
0 . ma435 
0.010.401 

1.003117 
1 . o m  
1.152445 
1.216W 
1.273745. 

1.322449 
1.302449 
1.393200 
1.41421,l 

1.285575 
1.281044 
1.207409 
1.214912 
1.213472 

1.17387 
1 . 32.1542 
1.067459 
1.002308 
O.O2(w00 

0.761 700 
0 . GG7970 
0.588115 
0.462786 

0.35ZG28 
0.238279 
0.120176 
0 . 0 0  

o . ai8004 

0.113800 

0.338721 
0.448481 1 
0.5.%53 ' 
0 . 851010 
0.913738 ' 

I . 027521 
1 . 104745 
1 . 17.1xoC, 
1.2371B 
1.291138 

1.33G326 
1.372103 
1.30S"I 
1.414214 

1.351180 
1.340245 
1.331607 
1.3oom 
1.272775 

1 . m 1 0  
1 . 178491 
1.114934 
1.0.14910 
0.086848 

0.881231 
0.788602 
0.689552 
0 . 584727 
0.474823 

0.300588 
0.242811 
0.122324 
0.000000 

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

I I 
. . . . . . . . . . . .  

0.000000 
0.118231 
0.235605 
0.351527 
0.485022 

0.575380 
0.681843 
0.7831367 
0.8yo132 
0.070541 

1.054223 
1.130542 
1 . l9HeOl 
1.2.W41 
1.308551 

1.3m74 
1.382308 
1.403512 
1.414214 

1 . . 111214 
1 . -IO&U2 
1.302729 
1.3G(io25 
1.32SOZG 

1.281713 
1.224745 
1 . 158.156 
1.083351 
1.000000 

0 . m 3 0  
0.811160 
0.707107 
0.507673 
0.4WW 

0.366025 
0.245576 
0.123257 
0 . OOOOOD 

I 

0. oom 
0.123257 
0.215576 
0.300021 
0.4@3000 

0.597672 
0.707107 
0.811100 
0. 009039 
1.000000 

1.083351 
1.158456 
1.224745 
1.281713 
1.328926 

1.300025 
1.3Wz728 
1.408832 
1.414214 



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

[See Plate I .] 

This projection, devised by Johann Hoinrich Lambert, first came t o  notice in his 
Beitrage zum Gebrauche der Mathematik und deren Anwendung, volume 3, Berlin, 
1772. 

9%) 

TS OF PRWJECTIOH 

Fro. 52.-Imbert conformal conic projection. 
Diagram illustratlng tho lntorsectlon of n con0 nnd sphoro dong two standard parallels. Tho olementa 

of the proJectlon aro calculntod for tho tnngont con0 and eftorwards roducod In d o  80 as to produce the 
effect of a secant cone. The pamllols thnt aro truo to s a d 0  do not exnctly coincldo with those of the earth, 
$Inca they we spnced in such a way os to produce confomdity. 

Although used for a map of Russia, tho basin of tho Meditorrnnoan, a8 well &9 

for maps of Europe and Australia in Dobes’ Atlas, it was not until tho beginning of 
the World Wm that its merits woro fully appreciated. 

77 
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The French armies, in order to meet the need of a system of mapping in which 
a combination of minimum angulnr and scdo distortion might bo obtained, adopted 
this system of projection for the battle maps which wore used by the allied forces in 
thoir military operations. 

HISTORICAL OUTLINE. 

Lambert, Johann Heinrich (1728-1777), physicist, mathematician, and nstrono- 
mer, was born a t  Miilhauson, Alsace. He was of humblo origin, nnd it was ontirely 
due to his own efforts that he obtained his oducntion. In  1764, after some yoars in 
travel, ho removed to Berlin, where he received many favors at tho hand of Frederick 
tho Great, and was elected a member of the Royal Academy of Sciences of Berlin, 
and in 1774 edited the Ephemeris. 

Tho intro- 
duction of hyperbolic functions to trigonometry was due to him, and his discoverios 
in goomotry are of groat value, as well as his investigations in physics and astronomy. 
He was also the author of sovoral remarkable theoroms on conics, which boar his 
name. 

Wo are indebted to A. Wangerin, in Ostwald's Klassiker, 1894, for tho following 
tribute to Lambert's contribution to cartography: 

The importance of Lambert's work consists mainly i n  the fact that he waa the first to make generpl 
investigations upon the subject of map projection. His predecessors limited themselves to the investi- 
gations of a single method of projection, specially the perspective, but Lambert considered the problem 
of tho representation of a sphere upon a plane from a higher standpoint nnd stated certain general condi- 
tions that the representation  vas to fulfill, the  moat important of these being the preservation of angle8 
or conformality, and equal surface or equivalence. These two properties, of course, can not be attained 
i n  the same projection. 

Although Lambert haa not fully developed tho theory of tliesc two methods of repreaentation, yet 
he wag tho first to expreea clearly the ideas regarding them. The former+onformality-haa becomu of 
the greatest importance to pure mathemati- aa well 88 the natural sciences, but both of them are of great 
significance to the cartographer. It is no more than just, therefore, to date the beginning of a new epoch 
in the science of map projection from the appearance of Lambert's work. Not only is his work of im- 
portance for the  generality of his ideas but he haa also succeeded remarkably well in the resulte that he 
has attained. "' 

He had tho facility for applying mathematics to practical questions. 

The name Lambert occurs most frequently in this branch of geography, and, as 
stated by Craig, it is an unquestionablo fact that ho has dono more for tho advanco- 
mont of the subject in the way of inventing ingenious and useful methods than all 
of those who have either procodod or followed him. The manner in which Lambert 
analyzos and solves his problems is very instructive. He has developed several 
methods of projection that are not only interesting, but aro to-day in uso among 
cartographers, the most important of these boing tho onc, discussed in this chaptor. 

Among the projoctions of unusual merit, dovisod by Lambort, in addition to 
the conformal conic, is his zonithal (or azimuthal) equivalent projection already ' 

doscribod in this paper. 

DEFINITION OF THE TERM " CONFORMALITY ." 
A conformal projection or dovelopment takes its name from tho property that 

all small or elementary figures found or drawn upon the surface of tho earth rotain their 
original forms upon the projection. 

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

Arthur R. Hinks, M. A., in his treatise on “Map projections,” defines c ort710- _ _  
- - _  rrwrphic, which is another term for -.. c o n J o m l ,  - . as follows: 

If at any point tho scale along the meridinn and the parallel is the =me (not correct, but the same 
in the two directions) and the parallels and meridians of tho map aro at right angles to one another, then 
tho shape of any very small area on tho map is the 8ame aa the shapo of the corresponding small area upon 
the earth. The projection is then called orthomorphic (right shape). 

The Lambert 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 inter- 
section of the meridians. Meridians and parallels intersect at right angles and the 
angles formed by any two lines on the oarth’s surface are corroctly represented on 
this projection. 

I t  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 ono-sixth and five-sixths of the total 
longth of that portion of the central meridian to be represented. I t  may be advisable 
in some localities, or for special reasons, to bring them closer together in order to 
havo greater accuracy in the center of the map at  the expenso of tho upper and lowor 
border areas. 

- _  

FIG. 63.-scalo distortion of the Lambert conformal conic projection with the standard parallels a t  
29” and 4 5 O .  

On the two selected pardels, arcs of longitude are represented in their true 
lengths, or to exact scale. Between these parallels the scale will be too small and 
beyond them too large. The projection is specially suited for maps having a pre- 
dominating eastrand-west dimension. For the construction of a map of the 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 1,ambert conformal conic projection with the standard parallels at 
3 3 O  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 13 per cent in the Lambert 
projection, depending upon what parallels aro chosen as standard. 

The maximum scale error of 24 per cent, noted above, applics to a base map of 
the United States, scale 1 : 5 000 000, in which the parallels 33" and 45" north latitude 
(see flg. 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 per 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 13 per cent, but the accuracy at  the northern and 
southern borders is acquired at the expense of accuracy in the center of tho 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 of. comparison with tho polyconic projection 
of the same area, the following results were noted: 

Maximum scale error, Lambert =0.05 per cent. 
Maximum scale error, polyconic=0.32 per cent. 

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

I n  rcspect 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 tho Lambert projec- 
tion 2o 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 neglgible, while the angles measured on the map are practically 
equal to those on the earth. It should be remembered, however, that in the Lambert 
conformd 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. It follows, 
then, that this type of projections is not suited for maps having extensive latitudes. 

h E A S . - F o r  areas, as stated before, tho 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 
aro not represented as well in the Lambert projection or in the polyconic projection 
as 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 Albew 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 
papor, due to the method of printing and to changes in the humidity of the air, 
must also bo taken into consideration. It is botter to disregard the scale of the map 
and to use the quadrilaterals formed by the latitude and longitude lines as units. 
Tho areas of quadrilaterals of the earth’s surface are given for different extents of 
latituee and longitude in the \s mithsonian 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 shghtly 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 tho projection; but this is not true. Tho ordi- 
nary polyconic projection has, in fact, oiily one line of strength; that is, the central 
meridian. 

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

A line of strength is hero used to denoto a singular linc charactcrked by tho fact 
that the elements along it are truly represented in shape and scale. 

I n  this respect, thon, it is no better than the Bonne. 

COMPENSATION OF SCALE ERROR. 

In  the Lambert conformal conic projection we may supply a border scale for 
each parallel of latitude (see figs. 53 and 54), and in this way the scale variations may 
bo accounted for when extreme accuracy bocomes necessary. 

aa In the Lambert projoctlon, every polnt hos a scolo factor oharacterlstlc of that point, so that the area of any rostrlcted l w d t y  
Is ropreaented by tho exprwslon 

hron - maasured area on map. 
(scale Inctor)9 
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With a knowledge of tho scalo factor for every parallel of latitude on a map of 
the United States, any sectional sheet that is a true part of the wholo may have its 
own graphic scale applied to it. In that case the small scale error existing in the 
map as a whole becomes practically negligible in its sectional parts, and, although 
these parts hare  graphic scales that are slightly variant, they fit one another exactlp. 
The system is thus truly progressivo in its layout, and with its straight meridians 
and properties of conformality gives a precision that is unique and, within so-tions 
of 2 O  to 4 O  in extent, answers every roquiroment for knowledge of Orientation and 
distances . 

Caution should be exercised, however. in tho use of the h m h s r t  projoction, or 
any conic projection, in large areas of wide latitudes, the systom of projection not 
being suited to this purpose. 

The extent to which the projection may be carried in longitudo 21 is not limited, 
a property belonging to this general class of single-cone projections, but not found 
in the polyconic, where adjacent sheets have a “rolling fit” because the meridians 
are curved in opposite directions. 

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

Tho Lambert conformal conic projection has unquestionably superior merits for 
maps of cstended longitudes when the property of conformality outweighs the prop- 
erty of equivalence of areas. All elements retain thoir true forms and meridians 
and parallels cut at right angles, the projection belonging to the same generdl formula 
as the Morcator and stereographic, which have stood pe test of time, both being 
likewise conformal projections. 

It is a-n 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, excopt in special cases, are generally of not much use in map 
making unless the meridians are straight lines, this property being an almost indis- 
pensable requirement where orientation becomes a prime element. 

Furthormore, the projection is readily constructed, free of complex curvcs and 
deformations, and simple in use. 

It would be a better projection than the Mercator in tho higher latitudos when 
charts have extended longitudes, and when the latter (Mercator) becomes obj oction- 
ablo, It can not, however, displace the latter forbgeneral sailing purposes, nor can 
i t  displace the gnomonic (or central) projection in its application and use to navi- 
gation. 

Thanks to the French, it has again, after a century and a quarter, been brought 
to prominent notice at the expense, perhaps, of other projections that are not con- 
formal-projections that misrepresent forms when carried beyond certain limits. 

n A map (chart No. 3070,808 Plate I) on tho Lambort conformal oonlo profcctlon of tho North Atlnntio Ocean, Indudlag &e 
eastern pmt of tho Unltod States and tho greater part of Europe, haa bean propared by tho Const and Goodotlo Burvoy. The 
weetern limlta are Duluth to Now Orleans; tho eaatorn lkaite, Bagdad to Cniro; extending from Groenland in tho north to tho 
West Indles in tho south; scale 1:lO OOO OOO. Tho mlected standard parnllels aro 30’ and 64’ north Iatltudo, both thoeo parallels 
being, therefore, truo d o .  Tho d o  on pardo1 45’ (middle parallel) Is but 1) per cent too smell; hoyond tho standard parall& 
tho d o  Is Increasingly largo. This map, on oortaln othor well-known projections covcrlng tho snmo arm, would haw dletor- 
tlom and d o  orrors so groat sa to ronder tholr uso Inadmlsdhlo. It Is not lntendod for nnvlptlonal purpoeos, but WBB con- 
&- for tho UBO or mothor dopartmont or tho Govornmont, and Is dosigned to bring tho two eontinonta VIA-vfs in an apdroxi- 
metaly truo relation and scalo. Tho projection is basoil on tho rigid formula of Lambert and oovors a range of longltudo of 1&3 
degrees on tho middlo parallel. Plate I Is 8 reduction of chart No. a070 to approximate scale 1 : 25 600 OM). 
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Unless these latter types possess other special advantages for a subjoct a t  hand, 
such as the polyconic projoction which, besides its special properties, has certain 
tabular superiority and facilities for constructing fiold sheets, they wi l l  sooner or 
later fall into disuse. 

On all recent bhnch maps the name of the projection appears in the margin. 
This is excellent practice and should be followed a t  all times. As different projec- 
tions hare diflerent 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\,2a North Atlantic Ocoan on a Lambert con- 
formal conic projection, a number of groat circles are plotted in rod in order that 
their departure from a straight line on this projection may bo shown. 

GREAT-CIRCLE COURSES.--~ great-circle courso from Cape Hattoras to the English 
Channel, which falls within the limits of the two standard parallels, indicates u de- 
parture of only 15.6 nautical miles from a straight line on tho map, in a total distance 
of ahout 3,200 nautical miles. Tho departure of this line on a polyconic projection 
is given as 40 miles in Lieut. Pillshury's Charts and Chart Making. 

T)ISTAKCES.-The computed distance nom Pittsburgh to Constantinople is 5,277 
statute miles. The distance betwoen these points tis measured by the graphic scale 
on the map without applying the scalo factor is 5,358 statuto miles, a resulting orror 
of less than four-tenths of 1 per cent in this long distanco. By applying tho scale 
factor true results may be obtained, thcjugh i t  is hardly worth while to work for 
closor results when errors of printing and papor distortion frequently oscood tho 
above percen tage. 

The parallfils solected as standards for the map nro 36' and 54' north latitude. 
The coordinates for tho CO? ruction of a projoction with thoso parallels ns standards 
am given on page 85. % 

CONSTRUCTION OF A LAMBERT CONFORMAL CONIC PROJECTION 

FOR A MAP OF THE UNITED STATEB. 

The mathematical development and tho 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 tho 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 includo the contor of 
the curves of latitude and on this line lay off tho spacings of the parallels, as taken 
from Table 1, Special Publication No. 52. With a beam compass set to tho values 
of the radii, the paraUels of latitude can be described from a common center. 

(By computing chord distances for 26' of arc on the upper and lower parallels of latitude, the method 
of construction and subdivision of tho meridians is the @am0 88 that described under the heading, For 
small scale maps,  p. 84.) 

However, instead of establishing tho outer meridians by chord distances on 
the upper and lower parallels we can dotermino these meridians by tho following 
simple process : 

Assume 3 9 O  of latitude as tho central parde l  of the map (see fig. 65),  with 
an upper and lower parallel located at 24" and 49'. To find on parallel 24' the _- 

n See 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'), 
ttnd from this point strike an arc with the 2 value (2 581 184 meters, first column). 

Latitude 

51 

* 2 

- Fro. 55.-Diagram for constructing a Lambert projection of Rmall scale. 

The intersection with parallel 24' establishes tho point of intersection of the parallel 
and outer meridian. 

I n  tho 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 vdues 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 tho United States: 

Radlus Spaclngs from 39. 
- 

a 492 973 1 336 305 
y 5  9;o 1 !2233!8 

* *  * i 
0 016 011 1780833 I 2 1 0730450 1 1901 178 1 

FOR SMALL SCALE MAPS. 

I n  tho construction of a map of the North Atlantic Ocean (see reduced copy 
on Plate I), scale 1 : 10 000 000, tho 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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00 955 ............ ..I.. ............ 
130830 ............................ 

9SGGW .............. ! .............. 
1477630 .............. I :::::: ........ 

6 ......................................... 1 

20. ........................................ 
26.. ...................... 

.......... .................... 10.. I 
15.. I .......... .................... 

5007103 
6 379 710 
6 731 616 
0 061 515 
0 388 140 ............. ............. ............. 

........................................ ........................................ i 65. 
Bo. 
85. ........................................ 
70.. ...................................... \ 

I 80. 
85. ........................................ 
75.. .............................. .........I ........................................ 
90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

.lfeelers 
2% K?? 
570 570 
853 125 

1132400 
1 407 327 
1 670%l 
1 039 930 
2 105 570 
2442780 
2080025 
2 WE 100 
3 124 549 
3 328 933 

3 GO8 030 
3 802 622 
4 011 588 
4 145 261 

3 5?p 539 

1 a31 430 
1218408 
1 418 428 
1 630 721 

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

2 m 7 m  ... 
2W7708 ,... 

........... 192053 i l -  ........... ............ l 
................ 

5 718 312 
R 938 097 
(I 130 US1 

......... ......... ......... 
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20 ........................................ 1.079 
30 ........................................ 1.021 
36 ........................................ 1.000 
40 ........................................ 0.992 
45 ........................................ 0.988 

50 ......................................... 0.991 
54 ........................................ 1.000 
GO ........................................ 1.022 
70 ........................................ 1.113 

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

latitude 

[This table was in the construction o f n  map of the Northern nnd Soiithern 1Iernispliena . See Plolc . V11.1 

Radius 

[I.-? ; 1% K-7.1BG8024.] 

Scalo 
slongtho 11 Lntitirdu 
psrallel 

Rsdius 

I.. .... 

1.0740 
1.0855 
1.0507 
1.0484 
1.0404 I I 

DFgrPP6 
0 ........................ 

3 ........................ 
4 ........................ 

7 ........................ 
8 ........................ 
0 ........................ 

11 ........................ 
12 ........................ 
13 .............. 
14 .............. 
15 .......... 
I6 .......... 
17 ........................ 
1s ........................ 
19 ........................ 
20 ........... 
21 ........... 
22 ........... 
23 ........................ 
24 ........................ 
25 ........................ 
20 
27 
28 
29 ........................ 
30 
31 ........................ 
32 ........................ 
33 ........................ 
34 ........................ 
35 ........................ 
30 ........................ 
37 ........................ 
38 ........................ 
39 ....................... 
40 ........................ 

in  ........................ 

Drgreea 
40 ....................... 
41 ....................... 
42 ....................... 
43 ....................... 
44  ....................... 

13 125 520 1.032s ' 
1.0250 I 
1.0187 
1.0121 ! 

12 563 8QD 
12 453 805 
12 343 800 
12 234 768 
12 120 148 

12 018 025 
11 010357 
11 893 114 
11 690 204 
11 589 778 

45 ................. 
40 ................. 
47 ....................... 
48 ....................... 

11 483 014 
11 377 751 
11 272 153 
11 166 792 
11 001 028 

0.9751 I 
0.9711 

0.gQlX ! 
0 . m  . 

i 

0.6373 I 

i n  950 642 

i n  042 400 

10 851 705 
10 747 050 

10 U7 701 

10 433  197 
10 328 687 
10 223,229 
10 Ilb 188 
10 014 334 

0 ggQ *332 
0 804 151 
9 808 751 

&5 ....................... 
50 .................... 
57 .............. .. 
b11 ....................... 
59 ....................... 

o so3 loo 
0 487 101 
9 380 896 

Dinerenre 

,%f&36 

118 300 
117 310 
110378 
115 479 
114 023 

111 587 
110 om 

100 ow 
109 140 
108 018 
108 123 

i i n  294 

io0 480 
108 104 

....................... 
0.9459 ........................ 

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

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

104 852 
105 002 

0.9473 
0.9480 

0.9531 
0.9557 

n . 95ou 
n . 9588 

70 ....................... 
71 ....................... 
72 ....................... 
73 ....................... 
74 ....................... 

75 ....................... 
70 ....................... 
77 ....................... 
7R ....................... 
70 ....................... 
so ....................... 
81 ....................... 
82 ....................... 
48' 30. ................... 

.i reins 
9380800 
9 274 207 
0 167 233 
9 050 7a3 
8 951 802 

8 843 311 
X 734 252 
8 024 .% 0 
8 514 220 
8 403 148 

8281 302 
R 178 830 

7 950 580 
7 835 042 

7 718 43R 
7 Mx) 070 
7 481 OM 
7 301 378 
7 210 665 

7 110 454 
0 891 042 
n %5 117 
0 736 702 
0 OOO 446 

0 474 028 
6 339 352 
0 202 240 
0 002 531 
5 019 988 

5 774 384 
6 025 402 
5 472 024 
5 310 433 
5 15554 

4 9x0 Qg2 
I 810 073 
4 642 237 
4 458 752 
J 207 727 

4 088 076 
3 8% 419 
3 030 897 

8 458 879 

H ~ 1 5  070 

MTercnce 

. Ifelerr 
108 020 
107 031 
107 473 
107 061 
108 401 

108 050 
100 om 
110 340 
111 072 
111 840 

112 072 
113 580 
114 510 
115 518 
110 804 

117 780 
118093 
120 308 
121 713 
123 211 

124 812 
120 626 
128 355 

132 418 

134 070 
137 103 
139 718 
112 545 
145 802 

148 022 

156 491 
180 m 
165 612 

170 918 
170 83e 
183 485 
191 025 
199 052 

m m  
221 422 

130310 

152 .u a 

Bcale 
ilong the  
parallel 

0 .gem 
1.0021 

1.0082 
1.0107 

1.0334 
1.0428 

1.0525 
1.0830 
1.0743 
1 . 0m4 
1.0892 

1.1129 
1 . 1276 
1.1433 
1.1801 
1.1782 

1.1975 
1.2164 
1.2408 
1.2m 
1.2012 

i.mn 

1.3195 
1.36 
1.38 
1.42 
1.46  

1.51 
1.56 
1.61 
1.07 
1.75 

1.83 
1.e3 
2.04 

0.8888 
-.-- 



THE GRID SYSTEM OF MILITARY MAPPING. 

A grid systcm (or quadrillage) is a systemof squares dctermined by the roctaiigular 
coordinates of the projoction. This system is referred to ono origin and is extendcd 
over the whole area of the original projection so that every point on tho map is 
coordiriatcd both with respect to its position in a given square as wcll as to its posi- 
tion in latitude and longitudc. 

The orientation of all scctiorial sheets or parts of the general map, whcrcrer 
locatcd, and on any scalc, conforms to tho initial meridian of the origin of coordinatcs. 
'This system adapts itself to the quick computation of distances between points 
whose grid coordinates are given, as well as tho determination of the azimuth of a 
linc joining any two points within artillery rango and, hence, is of grcnt d u c  to 
military operations. 

Tho system was introduced by the First Army in Franco under tho name 
'' Quadrillage kilombtrique systbme Lambert," and manuals (Special Publications 
Nos. 47 and 49, now out of print) containing method and tablcs for constructing 
the quadrillage, wcro prcpared by the Coast and Goodetic Survey. 

As thc French dividc the circumfcrencc of the circle into 400 grades instead of 
360°, certain essential tables wero included for the conversion of degrees, minutrs, 
and seconds into grades, as woll as for miles, yards, and feet into thcir metric equiva- 
lents, arid vico versa. 

The advantage of the decimal system is obvious, and its cstcnsioii to practical 
cartography merits consideration. The quadrant has 100 grades, and instead of 
8" 39' 56", wc can writo decimally 9.6284 grades. 

GRID SYSTEM FOR PROGRESSIVE MAPS IN THE UNITED STATES. 

The Frcnch system (Lambert) of military mapping presented a number of 
features that were not only rather new to cartography but were specially adapted 
to tho quick computation of distances and azimuths in military opcmtions. Among 
these features may he mentioned: (1) A conformal system of map projection which 
formed tho basis. Although dating back to 1772, tho Lambert projection remained 
practically in obscurity until tho outbreak of the World War; (2) tho advantage of 
on0 reference datum; (3) the grid system, or system of rectangular coordinates, 
already describcd; (4) the use of the centesimal system for graduation of the cir- 
cumference of the circle, arid for the expression of latitudcs and longitudes in place 
of tho sexagesimal system of usual practice. 

Whilo these departures from conventioiial mapping off ercd many advantages 
to an area like the French war zone, with its possible eastern extension, military 
mapping in the United Statos presented problcms of its own. Officers of the Corps 
of Engineers, U. S. &my, and tho C o s t  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 tho problem. 

Thoso zones, 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 longitude with 
adjacent zones east and west. 
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FIG. %.-Grid zones for progressive military maps of the United States. 
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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 can 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 ham progressive maps for each of the zones; or the two 
grid system can bo 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 on 
units of IO00 yards. 

For 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 tion. 

Tables have also been about 75 per cent completed, but not published, giving 
hhe 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 projoction, devised by .41bersz3 in 1805, possesses advantnges over others 
now in use, which for many purposcs gives it a placo of special iniportance in carto- 
graphic work. 

In  mapping a cvuntry lilte the United States with n predominlzting etist-and-west 
extent, the Albers system is peculiarly applicable on account of its many desirable 
properties ns well as the reduction to a minimum of certain unavoidable errors. 

The projection is of the conical type, in which the 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 a t  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 for the area to be represented. In  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 oxpense 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. I ts  chief advantage over certain other projections used for n map 
of the United States consists in the valuuble 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 singlo sheet. 

In most conical projections, if the map is continued to the polc the latter is 
represented by the apex of the cone. In  the Albers projection, however, owing to the 
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, i t  becomes necessary to give up 
tho requirement that the pole should be represent,ed by tho apex of the cone; t.his 
~ 

u Dr. H. C. Albors, tho Inventor of thls projection, wa# a native of Lllnobum, Oomtuiy. Soveral nrtlclos by him on tho subjoct 
of map projections apparod In Zach’s Monatlichr Cornponden2 during tho y=r 1805. Voryllttlo is known about hlrn, not own 
h. lull name, the titlo “dwtor” bolng used wlth h ~ s  nam0 by Chrmaln a b U t  1885. A book of 40 pagas, cntltled Untcrrlcht lm 
8chnchssplol (Instruction In Choss Playlng) by IT. C. AlbrS, LllnoburR, 1821, may hnvo boon the work of tho inrcntor of this 
projoction. 

14 Tho standards c h m n  for n map of tho Uiiltod States 011 tho ~ ~ l m s  ~)roJoctloii aro parallols 294” and 4bi0, and thls seloctlon 
providns for n srslo orror slightly lass than 1 per cant In the ccntor of the map, m t h  a maximum of lt  por cant dong tho northern 
and southorn bordors. This nrrangemoilt of tho stuldnrds nlso p l n m  them at 811 ovon 30-mlnuto intorval. 

Tho standards in this systom of projoctlon, ns in tho Larnbrt  conformal conic pmjoction, mi1 ~ r n  placcd at WIII, niid by not 
favoring the central or more Importnnt pnrt or tho Unltod States D m m h u m  S a d 0  error of somowhnt lnss thmi 1 f prr wnt might be 
obtnfiicd. Prof. Hart1 suggasts tho placing of tho stnndnrds SO that tho toto] length of tho contra1 rncrldlan remalii truc, nrid thls 
srrnngomont would bo Idoal lor a country mor0 roctnngulur in s h w  with Prodominating witmid-wost dlmcnslons. 
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means that if the map should be continued to the pole the latter would bo 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, becausc the part of the cone 
abovo the circle qeprescnting the pole is not used in tho map. 

Tho 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 tho map bears the same ratio to the region represented by i t  that 
any other portion does to its corresponding region, or tho ratio of any part is equal 
to the ratio of area of tho 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 wholo of tho United 
Statcs in a single sheet. Other projections now in use have scule errors of as much 
as 7 per cent. 

The scale along the selected standard parallcls of latitude 293' and 453' is true. 
Between these selected parallels, the meridional scale will be too great and beyond 
them too small. Tho scale along the other parallels, on account of the compensation 
for area, will always have an error of the opposite sign to tho 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 w e  termed isoperimetric 
curves. 

With a knowledge of tho 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 practiciilly the smallcst 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, the projection under consideration 
is supcrior to others with the exception of tho Lambert conformal conic, but the latter 
is not equal-area. I t  is un obvious advantage to tho general accuracy of tho scale 
of a map to have two standard parallels of latitude of true lengths; that is to say, 
two axes of strength instead of ono. 

Caution should be exercised in the selection of standards for the use of this 
projection in large areas of wide latitudes, as scnlc errors vary increasingly with the 
range of latitude north or south of thc standard parallels. 

3. The meridians arc straight lincs, crossing the parallols of concentric circles 
at right angles, thus preserving the angle of the mcridians und parallels und 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 scalo or laak 
the property of equal-area. 

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

Sectional maps on tho Albers projection would havo an cxact fit on all sides, 
and the system is, thorefore, suited to any project involving progressive equal-urea 
mapping. Tho term “sectional maps” is hero usod in the sense of separate sheets 
which, as parts of the whole, aro not computed independcntly, but with respect to 
tho one chosen prime meridian and fixed standards. Hence the sheets of the map 
fit accurately together into one whole map, if desired. 

Tho first notice of this projection appeared in Zach’s Monatliche Correspondonz 
zur Beforderung der Erd-und Himmels-Kunde, under the title “ Beschreibung einor 
ncuen 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 fl5chcntrcue 
ICegelprojoctionen by Heinrich Hartl, Mittheilungen des K, u. K. Militar-Geograph- 
ischen Institutes, volume 15, pages 203 to 249, Vienna, 1895-96; and in Lehrbuch 
der Landkartcnprojectionen by Dr. Norbert Horz, 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 pe.culiarly suited to B country like Russia, with its large 
extent of longitude, it was used in a wall map published by the Russian Geographical 
Socicty. 

An interesting equal-area projection of the world by Dr. W. Behrmann appeared in Peterrnnnns 
hlitteilungen, September, 1910, plate 27. In this projection equidistant standard parallels are chosen 
30’ north nnd south of the Equator, tho projection being in fact a limiting form of thc Albers. 

In  viow of tho various roquirements a map is to fulfill and a careful study of tho 
shapes of tho areas involved, the incontostible advantages of the Albers projection for 
a map of tho Unitod States have been sufficiently sot forth in tho abovo description. 
By comparison with the Lambert conformal conic projection, wo gain tho practical 
property of equivalence of aroa and loso but little in conformality, the two projections 
being othonviso closoly idontical; by comparison with tho Lambert zenithal mct gain 
simplicity of construction and use, as woll as the advantugcs of less scalo crror; a 
comparison with other familiar projections 0fTor~ nothing of advantage to these 
lattor oxcopt wh’ero their restricted special properties bocomo a controlling factor. 

MATHEMATICAL THEORY OF THE ALBERS PROPCTION. 

If a is the equatorial radius of tho spheroid, B tho occentricity, and v the latitude, 

a (1 - e 2 )  

tho radius of curvature of the meridian z6 is given in the form 

Pm = (1 - g2 sin2 v)s/2’ 

and the radius of curvature porpendicular to tho meridian is oqual to 

a 
Pn‘ (1 - e2 sin2 Jw* 

-_-- 
IISee U. 0. Coast nnd Goodetic Survey Bpeolal Publlmtion NO. 67, pp. 9-10. 
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The differential clement of length of the mcridian is ,therefore cqual to the 
expression 

a ( 1 - 3 )  dcp 
(1 -e2  sin2 cp)3hJ 

dm = 

and that of the parallel bccoincs 

in which X is tho longitude. 
The element of area upon tho spheroid is thus expressed in the form 

u2 (i-E2)cosQaQax 
dS=dm d P -  ( 1 - - 2  sin2 (p)2 * 

We wish now to determine an equal-area projection of tho spheroid in the plane. 
If p is the radius vector in the plane, and 8 is the angle which this radius rector 

makes with some initial lino, the element of area in 

ds’ = p  ap de. 

p and 8 must bo exprcssod as functions of cp and 

and 

bP bP ap=- aP+- ax 
bQ ax 
a8 ae &=- aV+- ax. aQ ax 

tho plane is givon by the form 

A, and therefore 

I 

Wc will now introduce the condition that the parallols shall bo rupresontcd hy 
concentric circles; p will therefore be a function of Q alone, 
or 

AS a aocond condition, we requiro t h i t  tho meridinns b u  represented by 
This roquires that 8 straight lines, tho radii of tho system of concontric circles. 

should bc independent of cp, 

or 
ae de= - ax. ax 

Furthermore, if 0 and X are to vanish a t  tho same timo and if q u a l  ciifferenccs of 
longitude are t o  be represented a t  all points by equal arcs 011 the parallels, 8 must 
bc cqual to some co:istant times X, 
or 

in which n is the required constant. 
8 -nX, 
‘, 

This gives us 

By substituting th&e values iii the expression for dS’, wc get 

a8 =?ldh. 
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Since the projection is to bo equal-arca, dS' must q u a l  -dS, 
or , 

The minus sign is explained by the fact that p dacreases as cp increases. 
By omitting tho &A, wo find that p is determined by tho integral 

UZ(l-€e') 

n 

If R roprmmts the radius for cp =0, this hcomw 

95 

If 6 is thc latitude on a sphcrc? of radius c ,  tho right-hand member would be 
reprmentcd by the integral 

We may definc B by sotting this quantity oqual to the above right-hand 
mcmber, 
or 

Therefore, 

. )  c2sinB=aa(l--f)  ...... 

As yot c is an undotcrmined constant. Wc may determino it by introducing 
the condition that, 

?r 7T whorl cp- - 6 shall also equal - 2 
This givcs 

Tho latitude on the sphorc is thus dofined in tho form 

3c' 4ra 
5 7 sin2 cp+- sin' cp+- sin" c p + .  . . . . . 

2 e 2  3r' 46 l+T+,+T+. . . . . . sin B =sin cp 
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This latitude on the sphere has been called the authalic latitude, the term 
authalic meaning equivalent or equal-area. A table of these 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 becomes 

sin /3. pz =p-- ’ 2c2 
n 

The two constants n and R are as yet undetermined. 
Let us introducc the condition that the scale 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  tho expression 

On the map this arc is represented by 

PO =pnA. 

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

or, on omitting A, we have 

aA cos p, 
p l n ’ = ( 1 - € 2  0 

and 

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

and 

In U. S. Coast and Geodotic Survey Special Publication No. 8 a quantity called 
A’ is defined as 

m d  is thore tabulated for every minute of latitude. 
Hence 

1 - a2 
( 1  - e 2  sina c p 1 ) - A l Z  sin2 1”’ 

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

The equations for determining B and n, therefore, become 

and 
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By subtracting these equations and reducing, wc get 

97 

T~ and r, being thc radii of the rcspcctive parallels upon the spheroid. 
By substituting the valuc of n in the above equations, we could determine I?. 

buf, wo are only interested in canceling this quantity from the general equation for p. 
Since n is determined, we have for thc detcrmination of p1 

But  

By subtracting this equation from t h o  general equation for the determbation 
of p, we get 

p2-p:=zc: 12. (sin ,31-siii p )  
or 

4c2 
p a = p , 2 + y  SiJI (p,-8) cos 4 (p,-l-p). 

in  a simiiar manner w o  have 

and 

Tho radius c is thc rndiuu of n sphere having a surface equivalent to that of the 
spheroid. For the Ciarke spheroid of 1866 ( c  in meteis) 

log c = 6.50420742 

To obviate the difficulty of taking out laigo numbers corresponding to lognrithms, 
it is convenient to use tho form 

until after tho addition is performed in the right-hand member, and then p can be 
found without much tlificulty. 

For tho nuthnlic Intitudes use the table in U. S. Coast and Goodotic Survey 
Special Publication No. 67. 
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Now, if X is reckoned 11s longitude out from the central meridian, which becomes 
the Y axis, we get 

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

In this case the origin is thc 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 i t  is measured downward. 

If i t  is desired to refer tho coordinates to the center of the map as a single system 
of coordinates, the values become 

x = p  sin 0, 
y = p o - p  COS e, 

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

origin, the point in which the parallcl intersects the central meridian. 
the Coordinates become 

x = p sin e, 

The coordinates of points on each parallel may be referred to a separate 
In  this case 

Y = ~ - , ,  COS e=?,, si112 + e .  

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

If X’ is the X of the meridian furthest out from tho central meridian on the map, 
we get 

8’ =nX‘. 

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

chord = 2 p  sin 3 0’. 

With this vnlue set oil’- on the beam compass, and with tho intersection of the 
parallel with the central meridian as center, strike an arc intersecting the parallel 
at the point where the meridian of X’ intersects it. The arc on the parallel represents 
X‘ tlegrees of longitude, and it can be divided proportionately for the other 
intersections. 

Then straight 
lines drawn through corresponding points on these two parallels will determine 
all of the meridians. 

Proceed in the same manner for the upper parallel of the map. 

The scale along the parallcls, k,, is given hv the expression 

in which pa is the radius of the circle representing 
radius of the same parallel on the spheroid; 
hence 

the parallel of pE, and r, is the 
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The scale along the meridiam is equal to the reciprocnl of the espression for 
hhe scale along the parallels, or 

CONSTRUCTION OF AN ALBERS PROJECTION. 

This projection affords a remarkable facility for graphical construction, requir- 
ing practically only the use of a scale, straightedge, niid beam cornpass. In  a map 
for the United States the central or ninety-sixth meridian can be estended far enough 
to include the center of the curves of latitude, and these curves can be drawn in with 
a beam compass set to the respective values of the radii taken from the tables. 

To determine the meridians, a chord of 25" of longitude (as given in the tables) 
is laid qff from and on each side o€ 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 parallels of latitude. This, then, will determine the two meridians distant 
25" from the center of the map. The lower parallel 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. 

If a long straightedge is not available, the spacings of the meridians on parallel 
45" can be obtained from chord distance and subdivision of the arc in a similar 
manner to that employed on parallel 25'. Lines drawn through corresponding 
points on parallels 25" and 45' will then determine the meridians of the map. 

This method of construction is far more satisfactory than the one involving 
rectangular coordinates, though the length of a beam compass required for the 
construction of u map of the United States on a scale larger than 1 : 5 000 000 is 
rather unusual. 

In  equal-area projections it is a problem of some diificulty to make allowance 
for tho ellipticity of the earth, a difficulty which is most readily obviated by an 
intermediate equal-area projection of the spheroid upon a sphere of equal surface. 
This amounts to the determination of a correction to be applied to the nstronomic 
latitudes in order to obtain the correspnding latitudes upon the sphere. The 
sphere can then be projected equivalently upon the plane and the problem is 
solved. 

The name of authalic latitudes has been applied to the latitudes of the sphere 
of equal surface. A tablez0 of those latitudes has becn computed for overy half 
degree and can be used in the computations of any equal area projection. This 
table was employed in the computations of the following coordinates for the con- 
struction of a map of the United States. 

Developments Connoctod with Ooodwy and Cartography, u. 8. Coast and ooodotic Survey Special Publlcntlon No. 07. 
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I O  ............................. 
i' ............................. 
!.io.. .......................... 

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

dfr l rrs  
102 184.68 
510 806.82 

2 547 270 

Latitudo 
P parnllrl I Rndrrof ;piwinpol 

ptrnllels 
A 

20". ..................................... 
21 ....................................... 
2'2 ...................................... 
23. ...................................... 
24 ....................................... 
25. ...................................... 
20 ........................................ 
27. ...................................... 
28 ....................................... 
29 ....................................... 
290 30'. .................................. 
30 ....................................... 
31 ....................................... 
32 ....................................... 
33 ...................................... 
34 ....................................... 
35 ....................................... 
36. ...................................... 
37. ...................................... 
38 ....................................... 
39. 

40 ........................................ 
41 ....................................... 
42 ....................................... 
43. ...................................... 
44 ....................................... 
45 ....................................... 
45" 3 0 . .  ................................. 
48 ....................................... 
47. ..................................... 
48 ....................................... 
49 ....................................... 
50 ....................................... 
51 ....................................... 
52. ...................................... 

...................................... I 

Afc/rr8 
10 2.53 177 
IO 145 579 
IO 037 540 
9 929 080 
0 820 218 

9 710 BG9 
9 001 361 
9 431 403 
9 351 139 
9 270 57G 
9 215 188 

0 159 738 
0 018 Gl8 
8 037 337 
88?5@27 
8 714 150 

8 002 328 
8 430 392 
8 378 377 
8 PGG 312 
8 154 228 

8 042 1W 

7 818 731 
7 70G 444 
7 594 828 

7 4R3 426 
7 421 822 
7 572 288 
7 201 459 
7 1 0  087 
7 040 025 

G 031 333 
0 822 261 
0 713 780 

7 030 152 

Mcclrrs 

110 838 

111 030 
111 311 
111 510 
111 077 
111 E22 

111 930 
112 015 
1 12 oF,3 
112084 
112 m.5 

112 011 
111 021 
111 787 
111 G I G  
111 402 

111 138 
110 820 
110 472 
110 w 2  
lo9 592 

109 OG9 
108 484 

p"-l.~92771 0 

colog n-02197522 
log C-G.MJ42075 

Longitude from contrul 
meridinn. 

IO". .......................... I ............. 

Scale factor 

I the pnral~el 
Lntltude. I along 

19" w........... .............. I 1.0128 
~5°30'_______ .................. ' 1.oooO 
17' ao'.... ..................... . OB04 

..................... 1.0124 ........................ 1.0310 

v 30'... 
!j0 I".... 
10" 00'. 

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

Chords on 
lntitudo 45'. 

Afeltrs 
78 745.13 

393 082.00 
1 082 906 

. 2  352 568 

Scale fnctor 
nlong 

the meridlnn 

0.0876 
1. m 
1.0097 
1. oooo 

.0818 

.98W 



THE MERCATOR PROJECTION. 
DESCRIPTION. 

[See fig. 67, p. 146.1 

This projection takes its name from the Latin surname of Gerhard Gamer ,  
the inventor, who was born in Flanders in 151 2 and published his system on a map 
of the world in 1569. His results were only approximate, and it \vm not until 30 
years later that the true principles or the method of computation and construction 
of this type of projection were made known by Edward Wright, of Cambridge, in a 
publication entitled ‘‘ Certaine Errors in Navigation.” 

In  view of the frequent misundcrstanding of the propcrtics of this projection, 
a few words as to its true merits may be appropriate. It is by no incans an equal- 
area representation, and the mental adjustment to  meet this idca in a map of tlic 
world has caused unnecessary abuse in ascribing to it properties that are peculiarly 
absent. But there is this distinction between it and others wliicli give great,er 
accuracy in the relative size or outline of countries-that, whilc the latter are often 
merely intendcd to be looked at, the Mcrcator projection is meant seriously to  bc 
worked upon, and it  nlone has the invaluable property that a course from any 
point desired ciin be laid off with accuracy nnd case. I t  is, tliereforc, the only ono 
that meets the requirements of nttvigation and has n world-wide IISC, due to the fnct 
that tho ship’s track on thc surfacc of tlic scii under I\ consttint bearing is u straight 
line on the projection. 

GREAT C I R C I X S  A S D  RI1CMB LINES. 

The shortcst line hctwccn any two givcn points on the surface of a sphere is 
the arc of tlic great circle that joins them; but, as tlic cnrtli is a spheroid, tlic shortest 
or minimum line that can be drawn on its ellipsoidal surface betwecn any two points 
is tcrmed a geodetic linc. In  connection with tho study of shortcst distances, how- 
ever, it is customary to consider the earth as a sphere and for ordinary purposes 
this approximat ion is suficiently accurate. 

A rhumh line, or loxodromic curve, is n line which crosses thc successive mcritl- 
inns tit n, constant angle. A ship “sailing rhumb” is thercfore on one coursc 27 

continuously following the rhumb line. The only projection on wllicli such a lino 
is rcprcscntetl as a straight linc is the Mercator; and thc only projection on which 
the p e a t  circle is reprcscntetl tis a straight line is the gnomonic; but as any obliquo 
great circle cuts the meridians of the latter at diflercmt anglcs, to  follow such a line 
would necessitate constant alterations in the direction of tho ship’s head, an opera- 
tion that would be impracticable. The choice is then betwccn a ?.hu?nb line, which 
is longer than ihe arc of a great circle and a t  every point of which the direction is 
the same, or the arc of a great circle which is shorter than the rhumb line, but a t  
evcq7 point of wliich the direction is different. 

The solution of the problem thus resolves itself into the selection of points a t  
convenient course-distances apart along the gretit-circle track, so that the ship may 
bc steorcc\ from onc to the other dong thc rhumb lines joining them; the closer the 
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- 58' 

55' 

 PI^. 59.-Part of a gnomonic chart Rhowing a great circle and a rhumb line. 

sido of tho groat clrclo track. 
The fullline shows tho great circle t m k .  Tho curvo shown by  n dotted lhio is tho rhumb lino which lies 011 tho oquatorlal 
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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 
carcfully followed, the port bound for will in due time be reached by the shortest 
practicable route. 

It suffices for the mariner to memure by means of a protractor the angle which 
his course makes with any meridian. With this course corrected for magnetic 
variation and deviation his compass route will be cstablishcd. 

I t  may here be stated that the Hydrographic Office, U. S. Navy, has prepared a 
series of charts on tho gnomonic projection which are most useful in laying off great 
circle courses. As any straight line on these charts represents a p a t  circle, by 
taking from them the latitudes and longitudes of a cumber of points along the line, 
the great-circle arcs may bc transferred to tho Mercator system, w h r c  bearings 
are obtainable. 

It should be borne in mind, moreover, that in practice the shortest course is 
not always necessarily the shortest passage that can he niadc. Alterations bccome 
necessary on account of the irregular distribution of land and water, the presence 
of rocks and shoals, the effect of sct and drift of currents, and of the direction and 
strcngth of tlic wind. It, thercforc, is nccessury in dctermining a course to find out 
if the rhumb line (or lines) to destination is intorrupted or impracticable, and, if so, 
to detormino intermediate points between which the rhumb lines are uninterrupted. 
The resglutjon of the problem at the start, however, must set out with the great 
circle, or a number of great circles, drawn from one objective point to the next. 
I n  the interests of economy, a series of courscs, or composite sailing, will frequently 
be the solution. 

Another advantage of the Mercator projection is that meridians, or north and 
south lines, aro always up and down, parallcl with the cnst-and-west borders of the 
map, just where ono expects them to bo. Tho latitude and longitudo of any placo 
is readily found from its position on the map, and the convenience of plotting points 
or positions by straightedge across tho map from the marginal divisions prevents 
errors, especially in navigation. Furthermore, the projection is readily constructed. 

A true compass courso may be carried by a parallel ruler from a compass rose 
to any part of the chart without orror, and the side borders furnish a distance scale 28 

convonient to all parts of tho chart, us doscribod in tho cliuptor of "Construction 
of a Mcrcator projection". In many othor projections, whcn carried too far, sphcri- 
cal rolations aro not conveniently accounted for. 

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

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

The projoction provides for longitudinal repetition so that continuous sailing 
routes east or wost around the world may be complotuly shown on one map. 

Pinally, as stated before, for a nautical chart, if for no other purpose, the Mer- 
cator projection, except in high latitudes, has attained an importance which puts 
all others in tlic background. . 

__- 
98 Tho bordorlstltudoscnle Wllgivo thocorroct &ShColn tho c'-'rrW'~~glatltudo. If sulllcienllylmportant on thosmnller 

uo c h r ~ ,  n diagmmmntic scnlo could bo placed on tho O l d ,  giving the f m l e  for varlouelatltudes, os on D Fronch Mercator 
chart of Afrlca, No. PA, published by the MlnlstErc dele Marine. . 
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MERCATOR PllOJECTION IN HIGH LATITUDES. 

In  latitudes above 60°, where the meridional parts of a Mercator projection 
increase rather rapidly, charts covering considerable area may be constructed advan- 
tageously on a Lambert conformal projection, if the locality has a predominating 
east-and-west 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 thc higher latitudes, often ascribed to the use of 
the Mcrcator projection, have in some instances been traced to unreliable positions 
of landmarks due to inadequate surveys and in other instances to tho application of 
corrections for variation and deviation in the wrong direction. 

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

The advantages of the Mercator system over other systems of projection are 
evident in nautical charts of small scale covering extensive areas,2o but tho larger 
the scale the less important these differcnces become. 
of the United States of scales varying from 1 : 10 000 to 1 : 80 000 tho difference of the 
various types of projection is almost inappreciable. 

This being tho case, there is a great practical advantage to the mariner in having 
onc uniform system of projection for all scales and in avoidmg a sharp brcalc 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 the habit of continuing an old system, but to the desirability 
of meeting the special requirements of the navigator. It was adopted by this 
Burcau within compartttively recent years, superseding the polyconic projection 
formerly employed. 

Thc middle latitudes employed by the U. S. Coast and Geodetic Survey in the 
construction of charts on the Mercator system, are as follows: 

Const and harbor charts, scales 1 :SO OOO and larger, arc constructed to tho  scalo 
of the middle latitude of each chart. This scries includes S6 coast charts of the 
Atlantic and Gulf coasts, each on the scalc 1 :SO 000. The USC of these charts in 
scries is probably lcss important than their individual local us(!, tind tho slight break 
in scalc betwcen adjoining charts will probably cause less inconveniencc than would 
the variation in the scale of the series from I : 69 000 to 1 : SS 000 if constructcd to the 
S C ~ Q  of !,he middle latitude of the series. 

General charts of the Atlantic coast, scale 1 :400 000, are constructed to tho 
scale of latitude 40'. The scales of the different charts of the series are therefore 
variant, but the adjoining charts join exactly. This applies lil<cwise to the 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". 

In  harbor and coast charts' 

on small s d e  charts in tho middle or higher latitudos, tho difleronce between the Mercntor and polyconic proloctlons is obvl- 
to tho eye and affwts tho method of using the charts. Latitude must not be wried across porpendrculnr to tho border of a poly- 

conic chart of small scale. 
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General charts of the Alaska coast, Dixon Entrance to Unalaska Island, are con- 
structed to the scale of 1 : 200 000 in latitude 60'. 

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 issucd on the polyconic projection will be clinngcd 
to thc Mercator system as soon as practicable. Information us to the construction 
of nautical charts in this Bureau is given in Rules and Practice, U. S. Coast and 
Gcodetic Survey, Special Publication No. 66. 

DERIVATION OF THE FORMULAS FOR THE COORDINATES OF THE MERCATOR 
PRO JECTION.*Qa 

T H E  MEIiCATOR PROJECTIOX. 

The Mercator projection is a conformal projection which must bo derived by 
mathematical analysis. The Equator is represented by a straight line true to scale 
and the meridians are represented by straight lines perpendicular to the line represent- 
ing the Equator, being equally spaced in proportion to thcir actual distances apart 
upon thc Equator. The parallels are represented by a second system of parallel 
lines perpendicular to the family of lines representing the meridians; or, in other 
words, they are straight 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 tho same thing, the distances of these lines from the Equator. 

Since the projection is conformal, the scale a t  any point must be the same in 
all directions. When the parallels and meridians are represented by lines or curves 
that are mutually perpendicular, the scale will be equal in (111 directions a t  a point, 
if the scale is the same along tho parallel and meridian at  that point. I n  the Mer- 
cator projection tho lines representing the parallds are perpendicular to the lines 
representing the meridians. I n  order, then, to determine tho projection, wc need 
only to introduce the condition that tho scale along tho meridians shall bc equal 
t o  tho sculc tilong the pnrallcls. 

An elemeiit of length dong IL parallel is equnl to tho oxpression 

in which a is tho equatorial 
tricity. 

For the purposo before 

a COS p dx ap=- (1 --E2 s i 1 1 2  cp) lE '  

radius, cp tho latitude, tho longitude, nntl  E t,ho occen- 

us we may consider that the meridians are spwed cqunl 
to their actuil distances tipart upon the e d l l  at the Equator. In that cnso tlie 
element of length d p  along the parallel will be represented upon the map by a A, 
or the scale along the parallel will be giveii i l l  tho form 

dv coa cp ndX= 
An olomont of length along tho meridian is given in the form 

n (1-2) dcp 
(1 - s111a p)"' 

dm=-- .-. 
-- 

9s This profecLion should not  be Intorprorod 8s n IarsPeCtivo PrUbction from tho wnter of tho spheroid upon a tungent cylinder 
89 Is erroneously statod In wrtuin treathas of gougraphy. l'h0 dlslmms Of tho vllrlous pnrnllols from tho Equator depond upon an 
integral and tho roqulred valuo is not obtalnod from any simple furmula. 
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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 dm to ds equal to 
the scale along the pardlel, if the projection is to be conformal. 

Accordingly, we must have 

cos cp =- dm a (1-8) dcp 
ds ds (1-€2 sin* cp)"' 
-= 

(I - e2 sin2 p)"' e 

The distance of the parallel'of latitude q~ from the Equator must be equal to 
the integral 

a (1-Z) dcp 
(1 - ez sin2 c p )  cos cp 

JO 

On integration this becomes 

ax s=alog,ain (1 -+- 9 -alogocos (4" -+- 3 +-.log, : (l-esincp)--log, ( l + e  sinp; 

=n.~og ,  tan ( i + z ) + H  UE log, (--) 1 - e  sin cp 

l + e  sin cp 

1 + e  siri p 
=a log, 

The distance of the meridian X from the central meridian is given bv the integral 

The .coordinates of the projection referred to the intersection of the central 
meridian and the Equator as origin are, therefore, given in the form 

x = ah, 
y=ulog, [tan (:+$) - ( 1 - e sin cp >'''I. 

1 + e  sin cp 



THE MERCATOR PROJECTION. 107 

In U. S. Coast and Geodetic Survey Special Publication No. 67, the isometric or 
conformal latitude is defined by the expression 

tan (1 -+- ;) =tan  (4" -+- ;) a (;;:fa$ 
or, if 

7i n - ~  
x = - - z  and cp=--], 2 ,  2 

With this value wc get 
?/=a log, cot 4 ,  2 

or, expressed in common logarithms, 

(L 2 
'?/=-- log cot - , 
* M 2 

in which M is tho modulus of common logarithms. 

M =  0.4342944819, 

log M= 9.6377843113. 

A table for tho isometric colatitudes for every half degree of geodetic latitude is 

Tho radius a is usually oxpressod in units of minutes on tho Equator, 
given in U. S. Coast and Geodetic Survey Special Publication No. 67. 

or 
10800 a= - -  .. 1 n- 

log a = 3.5362738828, 

CG log (x) = 3.89848 

The vnliio of 2 now becomes 

with X expressed in radians; 
or, 

X=X. 

with X expressed in minutes of arc. 

Publication No, 67 was computed for the Clarke spheroid of 1866. 
The table of isometric latitudes given in u. s. Coast and Goodetic Survoy Special 

If i t  is desired 
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to compute values of ?I for any other spheroid, the expansion of y in series must be 
usod. In this case 

y=7915'.704468 log tan (:+;) 
€4 8 
3 5 7 -34371.747 (€2 sin cp+-.- sin:' p t- s ins  cp +- s i 1 1 7  c p i -  . . 

or, in more conv(!iii(:ri t form. 

. y=7915'.704468 log tnn sin cp 

If tho given spheroid is defined hy the flattening, B? may be cornputod from the 
formula 

in whichf is the flattening. 

i n  closed form, as follows: 

g2 = y- -Y", 
The series for in tho sines of the multiplc arcs can ha wit ten  with coefficients 

-"f:' 
$=7015'. 704468 log tan (:+;)-3437'. 747 3 '2_f sin cp- -  sin 39 

3p 2j-7 +- sin 5q-- sin 7cp+ 5 €4 7e0 

in whichf dsnotos the flattening nnd E the eccentricity of tho spheroid. 

DEVELOPMENT OF THE FORMULAS FOR THE TRANSVERSE MERCATOR PROJECTION. 

Tho -espressions for thc coordinates of the tralisvoiso Morcator projection can 
be determinod by a transformation performed upon tho sphere. If p is tho great- 
circle radial distance, and w is the azimuth reckoned from a given initial, tho trans- 
vomo Mercator projection in t o m s  of these elements is oxprcased in the form . 

x=a w ,  

2) y = cc log, c-ot - e  2 

But, from tho transformation triangle (Fig. 6G on p g c  143), we have 

cos ?'=sin a sill cp-kc'os a cos cp cos X , 
tan w=--- - 

COY cy sin cp-sin cy cos cp cos h 
sin h cos cp 

in which a is tho ht i tude of the point that h o m e s  tho polo in the transverso pro. 
j 8c tion. 

By substituting thoso valuos in tlic oquations I L ~ O V O ,  wo get 

cos a sin cp -. sin a (:os cp ('os X 
sin h cos cp x = a tan-' 

and 
a 1 +cos 1 )  

1 -cos 1' 
a L+sin a sin cp+cos a cos cp cos X 

1-sin CY sin cp-cos a cos cp cos X =s log, (-- 
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n- If wo wish tho formulas to yield tho usual values when a converga to 2 ,  we 

or, in othor words, we must change the meridian from which must replace x by 

X is reckoned’by f -  With this change the oxprcssions for tho coordinatos become 
2 

sin a cos cp sin A-cos a sin cp 

cos cp cos x -> 2; < c  tnn-1 

1 +sin a sin cp+cos a cos cp sin .--). 
1 -sin a sin cp-cos CY cos cp sin A 

a y=z log, 

With common logarithms t,he ?I coordinate bocomos 

1+sin a sin cp+cos a cos cp sin X 
1 -sin a sin cp - cos a cos p sin A 

a 
II = nf log 

111 w1iic.h I! is the modulus of common logarithms. 
A study of tho transvorso Mercator projoctions was made by A. Lindenkohl, 

U. S. Coast and Goodetic Siirvoy, some years ago, but no charts in the modified form 
h a w  ever boon issued by this ofice. 

In  a transverso position tho proj mtion loses tho proporty of straight meridians 
and parallok, nnd tho loxodrome or rhumb lino is no longer a straight lino. Since 
the projoction is conformnl, the roprcsontation of the rhumb lino must intorsoct the 
meridians on tho map at  a constant anglo, but ns tho meridians bocomo curvod 
lines the rhiimb lino must also bocomo u curvod lino. Tho transrorso projortion, 
therefore, losos this vnluablo property of tho ordinary Morcator projoction. 

Tho distortion, or change of scdo, increases with the distance from tho great 
oircle which plays tho part of tho Equator in tho ordinary Morcator projection, but, 
considering tho shapes and goographic location of certuin weas to bo charted, a 
transvorso, position would in some instancos givo advantngoous results in tho prop- 
orty of conformnl mapping. 

CONSTRUCTION OF A MERCATOR PROJECTION. 

On the Morcator projection, moridians are roprasoritsd by parallel and equidistant 
straight linos, and tho pardlols of latitude aro roprosontod by a system of straight 
lines a t  right angles to  tho former, tho spacings botwoon tliom conforming to the 
condition that at  every point the angle botwoon any two curvilinear olomonts upoli 
tho sphere is represented upon the chart by an equal anglo hotweon the roprosonta- 
tivos of theso olomonts. 

In  order to rotain the correct shape and comparatiw size of objects as far as 
possiblo, it bocomes necessary, thorefore, in constructing a Morcator chart, to  increase 
evory dogree of latitude toward tho polo in prooisoly tho same proportion as the 
dogrocs of longitudo h a ~ o  boon longthenod by projection. 

TARI.ES. 

The table beginning on pago 117 is that appearing in Trait6 d’Hydrographie by 
A. Gormain, 1882, Table XIII. Attention is called to tho last partigraph on pago 116 
in regard to u more recent tnblo publislmd by the Interniitional Hydrographic Bureau. 

The outer columns of minutes give the notation of minutes of latitude from the 
Equator to 80’. 
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The column of meridional distances givcs the total distance of any parailel of 
latitude from the Equator in terms of a minuto or’unit of longitude on tho Equator, 

The column of difeTences gives the ralue of 1 minute of latitude in terms of a 
minute or unit of longitude on tho Equator; thus, the length of any minute oflat&u_de 
on the map is obtained by multiplying the length of a minuto of longitudo 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 fact that n 
minute of longitude on the Equator is the unit of measurement and is used as an 
expression for the ratio of any one minute of latitudb to any other. The method of 
construction is simple, but, on account of different types of scalw employed hr 
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 METRIO SOALE JIETIIOD AS USED IN THE U. S. COAST AND QEODETIU SURVICY. 

Draw a straight line for a central meridian and n construction line perpendicular 
thoroto, each to be as central to the sheet as the selected interval of latitude and 
longitude will permit. To insure greatQr accuracy on largo sheets, the longer line of 
the two should bo drawn first, and the shorter line erected perpendicular to it. 

Example: Required n Mercator projection, Portsmouth, N. IT., to Biddeford, Mu., 
extending from lntitudo 43’ 00’ to 43’ 30’; longitude 70’ 00’ to 71’ OO’, scalo 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. This is given in U. S. Coast and Geodetic Survey 
Specinl Publication No. 5 entitled Tables for a Polyconic Projection of Maps and 
Lengths of Terrestrial Arcs of Meridian and Parallels (general spherical coordinates 
not being given in the Germain tables). Entering the proper column on page 96. 
me find the length of a minute of longitude to he 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, being 40 times tho former, the length 
of a unit of measurement on it will be one-fortieth of 1353.5, or 33.84. 

Lines representing 5-minute intervals of longitudo can now be drawn in on either 
side of the central meridian and parallel thereto a t  intervnls of 5 x 33.84 or 169.2 
apart on tho 1 : 10 000 scale. (In practice i t  is advisable to  dotermine the outer meri- 
dians first. 30 minutcs of longitude being represented by 6x 169.3, or 1015.2; and 
the 5-minute intervals by 169.2, successiveIy.) 

THE PARALLELS OF LATITUDE. 

The distance betwecn the bottom parallcl of the chart 43’ 00’ and the next 
5-minute parallel-that is, 43’ 05’--vdl be ascertained from. the Mercutor tables 
by taking the difference between the values opposite these parallels and multiplying 
this d.i.fTei*ence by the unit of measurement. Thus: 

-- 



70'30' 70'00' 

a t o r  proj 

6955 

692.: 

~ 

ion-construction plate. 

:< 231.0( 

_ _ _  169.2 ..... 

Cenfra/ 4ra//e/ 

---I61 - 
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30 2j ................................ 
M"." ........................... 
15 ................................ 
lo ................................ 

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

6.816 multiplied by 33.84 = 230.G, which is the spacing from the bottom parallel 
to 43' 05'. 

232.3 
232.0 
Zi1.G 
231.3 
231.0 

The spacings of the other 5-minute intervals obtained in the same way are as 
f 0 llows : 

Lntitude. I Spaoinp. 1 

oo ................................ 230.0 

43 
43 
43 
43 
43 
43 
43 

From the central parallel, or 43' 15', the other parallcls can now be stepped 
off and drawn in as straight lines and the projection completed. Draw then the 
outer neat lines of the chart at a convenient distance outside of the inner neat linos 
and extend to them the meridians and parallels already constructed. Between the 
inner and outer neat lines of the chart subdivide the degrees of latitude and longitude 
as minutely as the scale of the chart will permit, the subdivisions of the degrees of 
longitude being found by dividing the degrees into equal parts; and the subdivisions 
of thc degrees of latitudo bcing accurately found in tho samc manner as tho &minuto 
intervals of latitude alrcady described, though it will generally be sufficiently exact 
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 meridional increments are quite noticeable, 
care should be taken so as to have the latitude intervals or subdivisions computed 
with sufficient closeness, so that their distances apart will increase progressively. 

The subdivisions along the eastern, as well as those along the western neat 
h e ,  will" sorve for measiiring or estimating terrestrial distances. Distances 
between points bearing north and south of each other may be ascertained by referring 
them to the subdivisions between their latitudes. Distances represented by lines 
(rhumb or loxodromic) at  an angle to tho meridians may be measured by taking 
between the dividers a small number of the subdivisions' near the middle latitude 
of the line to be measured, and stepping them off on that line. If, for instancc, the 
terrestrial length of a line running at  an angle to tho meridians, between the parallels 
of latitude 24' 00' and 2 9 O  00' be required, the distance shown on the neat space 
between 26' 15' and 2G0 45' ( = 30 nautical miles)s0 may %e taken between the dividers 
and stepped off on that line. An oblique line of considerable length may well be 
divided into parts and each pari referred to its middle latitude for a unit of 
measurement. Further obsei*vations on thc Mercator projection are given on pages 
146 and 147. 

TO CONSTllUCT A MERCATOII. PROJECTION BY A METHOD SIMILAR TO THAT GIVEN IN 
BOWDITCH'S AMERICAN PRACTICAL NAVIGATOR. 

Tf the chart includes the Equator, the values found .in the tables will serve 
directly as factors for any propeTly divided diagonal scale 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  a principal parallel, preferably the central or the lowest parallel to  be 
-_ 

0 Gtrictly spanking, a minuto of latitudo is equal to tl ilauticnl mile 111 latitudo 48' 15' only. Tho loiigth of a minuto nflstl- 
(ude varies from 1842.8 meters at tho Equotor to 1801.7 metors at tho polo. 
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drawn upon the chart. The distance of any othor parallel of latitude from the 
principal parallel is the difference of the values of the two taken from tho tables and 
reducod to tho scale of tho chart. 

If, for example, it  bo 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 

of 3 inch, or & of an inch, and 10 minutes of loiigitudo on the Equator (or 10 
mcridional parts) will be represented by +f$ or 0.5 inch; likewise 10 minutes of 
latitude north or south of the Equator will be ropresentod by & x 9.932 or 0.4966 
inch. The value 9.932 is the differenco between the meridional dbtunces as given 
opposite latitudes Oa 00' nnd Oa 10'. 

If the chart does 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 
tho measurement for 10 minutes on this parallol will be the same as before, but the 
measurement of the interval between'40° 00' and 40" 10' will be & x 13.018, or 
0.6509 inch. The value 13.018 is the differenco of the meridional dktantes as given 
opposite these latitudes, i. e., the difference between 2620.701 and 2607.683. 

(It may often be expedient to construct a diagonal scale of inches 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 certain nllotment 
of paper. 

Example: Let a projection bo required for a chart of 14" extent in longitude 
between the parltllols of latitude 20' 30' and 30" 25', and lot  the space allowable on 
the paper botwoen those parallels be 10 inches. 

Draw in the center of tho sheet a straight line for the central meridian of the 
chart. Construct carefully two lines perpendicular to the central meridian and 
10 inches apart, one near the lowor border of tho'sheot for parnllol of latitude 20° 30' 
and an upper ono for parallel of latitude 30" 25'. 

Entering tho tables in tho column medwnab distance we find for latitude 
20" 30' the value 1248.945, and for latitude 30' 25' tho ~ruluo 1905.488. The diirer- 
ence, or 1905.488- 1248.945 = 656.543, is the value of tho moridionnl nrc between 
theso latitudes, for which 1 minute of arc of tho Equator is taken RS a unit. On 

the projection, therefore, 1 minute of arc of longitude will momuro - -- = 0.0152 

inch, which will be the unit of moasurement. By this quantity all the viilues derired 
from the tablo must be multiplied before they can bo used on a diagonal scale of 
inches for this chart. 

As tho chart covers 14" of longitude, the 7" on either side of the contrnl meridian 
will be represented by 0.0152 x 60 x 7, or 6.38 inches. These distances can b o  lnid 
off from the centrtil meridian cast and west on the uppor and lower parallel. Through 
the points thus obtained draw lines pnrallel to  tho central meridian, and these will 
be the eastern and western neat lines of the chart. 

In order to obtain the spacing, or intorVal, botwoen the parallel of latitude 
21" 00' and tho bottom parallcl of 20" 30', Wo find tho difl'erence botweon their 
meridional distances and multiply this difference by the unit of measurement, 
which is 0.0152. 

10 in 
656.543 

Thus : (1280.835- 1248.945) X O.Ql52 
or 31.890 X 0.0152 = 0.485 inch. 

9.74 78"-38---8 
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On the three meridians already constructed lay off this distance from the bottom 
parallel, and through tho points thus obtained draw a straight line which will be 
the parallel 21’ 00’. 

Proceed in the same manner to lay down all the parallels answering to full 
degrees of latitude; the distances for 22O, 23O, and 24O 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- 1248.045) =3.420 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, therefore, 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 0.012 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 011 

the chart. Through the points thus found draw the straight lines representing the 
meridians. 

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

CONSTRUCTION OF A TRANSVERSE MERCATOR PROJECTION FOR THE SPHERE WITII 

The Anti-Gudermanninn table given on pages 309 to 318 in “Smithsonian 
Mathematical Tables-1-Iyperbolic Functions ” is really a table o€ meridional dis- 
tances for_ the sphere. By use of this table an ordinary Mercator projection can be 
constructed for the sphere. Upon this graticule the transverse Mercator can be 
plotted by use of tho table, “Transformation from geographical to azimuthal coordi- 
n a t e s x e n t e r  on the Equator” given in U. S.. Coast and Geodetic Survey 
Special Publication No. 67, “Latitude Developments Connected with Geodesy and 
Cartography, with Tables, Including a Table for Lambert Equal-Area Meridional 
Projection.” 

Figure 61 shows such a transverse Mercator projection for a hemisphere; the 
pole is the origin and the horizontal meridian is the central meridian. The dotted 
lines are tho lines of the original Mercator projection. Since the projection is t u n e d  
goo in azimuth, the original meridians arc horizontal lines and tho parallels are 
vertical lines, tho vertical meridian of the transverse projection being the Equat,or 
of the original projcction. Tho numbers of the meridians in the transverse projec- 
tion are the complements of the numbers of the parallels in tho original projection. 
Tho same thing is true in regard to tho parallels in the transverse projection and 
the meridians in the original projection. That is, where the number 20 is given 
for the transverse projection, we must read 70 in the original projection. 

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

THE CYLINDER TANGENT ALONG A MERIDIAN. 

0 / I /  

azimuth =44 33 41.2 
radial distsnce=14 OG 21.6 
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To the nearest minute theso become 
a=440 34' 
r=14 06 

The azimuth becomes longitude in the origincil projection and is laid off upward 
from the origin, or tho point marked "pole" in the figure. The radial distance is 
the complement of the latitude on the original projection; hence the chosen inkr-  
section lies in longitude 44" 34' nnd latitude 75" 54' on the original projoction. 

FIQ. Gl.-Trans.nslwae Mercator projection-cylinder tangent along a iiicridian---mnstruction plate. 

It  cun be s e ~ i i  from tho figuro that thoro nro thrco otlier points sjmmetricully situated 
with respect to this point, one in onch of the othor thrco qundrniits. If tho inter- 
sections in one quadrant arc nctually plotted, the other quadrants muy be copied 
from this construction. Another liernisphoro added oithor above or below will 
complete tfie sphere, with the exception, of COUISO, of the part that pnssos off to  
infinity . 

In proctice the original projection necd not bo drawn, or, if it is drawn, tho  Iincs 
should be light pencil lines used for guidnnco only. If longitude 4 4 O  34' is laid off 
upwnrd niong a vertical line from an origin, and tho mc~idionnl distance for 75' 54' 
is laid off to the right, tho intersoction of tho meridian of 10" with tho parallel of 10" 
is located upon tho map. In a similar manner, by tho use of the tnblo in Specinl 
Publication No. 67, the other intorsections of the parallel of 10" can bo located; then 
a smooth curvo drawn through thoso points SO determined will bo tho parallel of 10". 
Also the other intersoctions of the meridian of 10" can bo located, and a smooth curve 
drawn through these points will ropresent the meridian of 100. 
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The table in Special Publication N3. 67 gives the intersections for 5' intervals 
in both latitude and longitude for one-fourth of a hemisphere. This is siifficicnt 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 will 
serve as a guide in the process of construction. 

In the various problems of conformal and ~quul-area mapping, m y  solution that 
will satisfy the shapes or extents of the areas involved in tlie former system has 
generally a counterpart or natural complement in the latter system. Thus, where 
we map a given locality on ihe Lambert conformal conic projection' for purposes of 
conformality, we may on the other 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 the Lambert meridional 
projection, the stereographic horizon projection with the Lambert zenithal ; and so, 
vbith a fair degree of accuracy, the process above described will give us conformal 
representation of the sphere suited to a zone of predominating meridional dimensions 
as a counterpart of the Bonne system of equal-area mapping of the same zone. 

MERCATOR PROJECTION' TABLE. 

[Reprinted from Trnlt6 d'Hydrok~nphiit, -i. (iorinniii, Irijiitiiiuur Hydrogruplio do In hloriiw, Pnrlh, MI)CCCLSSSII ,  to  liitltudc 
80' only.] 

XOTE. 

It is observed in this table that tlie meridional diirerences are irregular and that 
second differences frequently Yary from plus to minus. The tables might well have 
been computed to one more place in dccimnls to insure the smooth construction of a 
projection. 

I n  the use of any meridional distance below latitude 50' 00' the following process 
will elimiriate irregularitids in the construction of large scale maps n r d  is within 
scaling accufacy : 

To any mcridional distance add the one above and the onc below and take the 
mcan, thus : 

28 35 1719.745 ! 28 30 1 1780.877 1 I 28 37 1782.011 

16342033  1 
* L. __..._I 

The inwu to bo usod for Iniitudo 28O 36' 15 13w.m 

In  the original publication of these tables the author strtted that they were 

As R matter of fact they were 

1 

1 computed for tm ellipsoid of a compression - 
294' 

cornputed with the value of e2 =0.006785. 
This makes the compression slightly less than w4. 
Although the tables of meridional distmces here given to three places of decimals, 

will serve for the construction of Mercator projections with sufficient accuracy for 
all practical purposes, i t  is recommended that tho following publication be used to 
avoid the necesssi ty of occasional in tcrpola tion : International Hydrographic Bureau , 
Tables of Meridional Parts to five places of decimals, Special Publication No. 21, 
Monaco, 1928. In  practice, however, i t  is found that the fifth place of decimals of 
the latter publication is unnecessary. 
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994 ::: 

18 
13 

20 
21 
22 
23 
24 
26 
20 
21 

. 210:697 
I 211.692 
I 212.687 

18.871 
19.8ti4 
20.857 
21.851 
22.844 
23.837 
24.831 

i:: 

25.824 
26.817 

28  27.810 a , 28. no4 

' 163.944 ' 164.930 
105.033 

30 29.797 89.400 

32 31.783 I 
33 32.777 

31 30.7W y;; , 90.393 

34 ' 33.776 

994 
995 
994 
995 
994 
995 
994 
095 

0.095 -_ 

3b ! 34. 763 
36 35.767 
31 36.750 
3 8  I 37.743 
39 38.736 
40 ' 39. 730 
41 40.723 
42 i 41.71(i 
43 , 42. 710 
44 ' 43.703 
46 44.09ti 
40 ' 45. ti8!) 
41 40. 683 
48 : 47.676 
49 48. 669 
50 ' 49.663- 
51 50.66G 
52 ~ 51.649 
63 : 52.643 
64 ' 53.636 

66 ' 54.629 
60 55.623 
51 ' 56.610 
68 ! 67. GO!) 
69 ' 58.003 
00 I 59.596 - -- .. -. 

I ' 

' 

- 

994 94.368 
95.361 

97.348 
98.342 

;;; 96.355 

233.590 
234. 585 
235. 581 
236. 577 
237.572 
238.568 

99.336 '" 100.329 
~ 101.323 

993 103.310 
z; 102.310 

' 985 
99G 
t)96 
995 
89G -- 

!)$)3 104. 304 

! 100.291 
105.29s 

107.285 

I 109.273 
II 110.2Gti ;!: I 111.2(i0 

112.264 ;$ II 113.247 

116.235 

117.223 

B114 

9 : ~  I 108.279 

__ - - - - __ - 

134. I 1 9  

1 ;  137.101 
993 I 

993 I 140.083 ' 141.077 ;:i ,! 142.072 
994 I 143.066 

". 9w ' 139.089 

144. 000 
it: I 145.054 
994 146.048 

994 , 148.030 
' 149.030 

":$ I 150 024 
993 I 151.019 
994 I 152.013 
gg4 lI 153.007 

993 II 147 042 

. .  I 168.917 "'iz , 169. 911 
170.905 1 171. 800 

994 I 172.894 

:i: 1 175. 878 
170. 872 

093 177. 867 
o*994 I 178.862 

! 174.883 173.889 

994 I 190.797 

994 193.782 
194.777 

:$ I 195.772 
994 1 190.767 
994 197.762 

I '  - --  ^^^ 

"'' 1 216. 668 ::i i 217.663 

' 6  995 I 

995 

995 
995 ' 

994 ; 
0.994 I lo 

995 I ;; 
995 I 13 

995 , ;; 

995 I ;: 
995 ;; 
995 g 

995 , ;E 
995 ;: 

;:; I 14 

995 
995 I 

995 19 995 
20 0.995 

995 

995 
995 1 26 

995 , 28 
995 ' 29 

0 995 I 30 
'995 i 31 

995 1 34 

99(i I 31 
995 38 
995 39 

995 

895 

995 

60 
6 1  
52 
63 
64 

65 
66 
57 
68 
69 
ao - 
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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 
!ti5 
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 
53 
64 
56 
66 
67 
68 
69 
60 - 

i .003 
Oo2 
003 
003 
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61 
62 
53 I 64 

MERCATOR PROJECTION TABLE-Continued . 
[Meridional distances for tho sphoroid. Compressicn &] 

o. 997 

iii 
i:; 
997 

40 

358.222 
359.220 
360.219 
761.218 
362.217 
363.216 

Meridional 
distnnco. 

o. 998 
997 

i:: 
997 
998 

iii ::; 
O .  ii: 

997 

iii 
::: 
iii 
998 

O' iii 
ii: 
998 
998 ::: 
;;; 

t 

238.568 
239.564 
240.559 
241.555 
242.551 
243.547 
244.543 
245.538 
246.534 
247.530 
248.526 
249.522 
250.518 
251.514 
252.510 
253.506 
254.502 
255.498 
256.494 
257.490 
258.486 
259.482 
260.478 
261.474 
262.470 
263.467 
264.463 
265.459 
266. 455 
267.451 
268.448 
269.444 
270.440 
271.437 
272.433 
273.430 
274.426 
275.423 
276. 419 
277.416 
278.412 
279.409 
280.406 
281.402 
282.399 
283.396 
284.392 
285.389 
286.386 
287.383 
288.380 
289.376 
290.373 
291.370 
292.367 
293.363 
294.360 
295.357 
290. 354 
297.351 
298.348 

368.211 
369.210 
370.209 
371.208 
372.207 
373.206 
374.206 
375.205 
376. 204 
377.204 
378.203 
379.203 
380.202 
381.202 
382.201 
383.201 
384.200 
385.200 
386.200 
387.199 
388.198 
389.198 
390.198 
391.198 
392.198 
393.198 
394.198 
395.198 
39G. 198 
397.198 

0.996 
995 
996 
996 
996 
996 
995 
996 
996 
996 

0.996 
996 
996 
996 
996 
996 
996 
996 
996 
996 

0.996 
996 
996 
996 
997 
99G 
996 
996 
996 
997 

0.996 
996 
997 
996 
997 
996 
997 
996 
997 
996 

0.997 
997 
996 
997 
997 
996 
997 
997 
997 
997 

0.996 
997 
997 
997 
996 
997 
997 
997 
997 

0.997 

-- 
Meridionnl 
distance. 

, 
298.348 
299.345 
300.342 
301.340 
302.337 
303.334 
304.331 
305.328 
306.326 
307.323 
308.320 
309.318 
310.315 
311.312 
312.310 
313.307 
314.305 
315.302 
316.300 
317.298 
318.295 
319.293 
320.291 
321.288 
322.286 
323.284 
324.281 
325.279 
326.277 
327.275 
328.273 
329.270 
330.268 
331.266 
332.264 
333.262 
334.260 
335.258 
336.256 
337.254 
338.253 
339.251 
340.249 
341.247 
342.246 
343.244 
344.242 
345.240 
346.239 
347.237 

0.998 
998 
998 
998 
999 
998 
998 
999 
998 
999 

348.23G 0.998 

353.228 
354.227 
355.226 
356.224 

ggg 
ggg 
998 
999 357.223 

358.222 O' 999 

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 
410.205 
417.206 
418.206 

)Ifforonce 

, 
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. OOO 
0.999 
1.000 
0.999 
1. OOO 
0.999 
1.000 
1. OOO 
0.999 
0.999 
1. OOO 

OOO 
OOO 
OOO 
000 
OOO 
OOO 
000 
OOO 
OOO 

1.000 
000 
OOO 
000 
OOO 
001 
000 
OOO 
001 
OOO 

1.001 
000 
001 
000 
001 
OOO 
001 
001 
001 

1. OOO 

Ueridlonnl 
(listancc. 

, 
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 
446.242 
447.244 
448.246 
449.248 
450.250 
451.252 
452.254 
453.256 
454.258 
455.260 
456.262 
457.2G4 
458.267 
459.269 
460.272 
461.274 
462.277 
463.279 
464.282 
405.284 
4GB. 287 
467.289 
408.292 
469.295 
470.297 
471.300 
472.303 
473.306 
474.309 
475.312 
470.314 
477.317 
478.321 

Min- 
I ta .  

1.001 
001 
001 
000 
001 
001 
001 
001 
001 
002 

1.001 
001 
001 
001 
002 
00 1 
001 
002 
001 
002 

1.001 
002 
002 
001 
002 
002 
002 
001 
002 
002 

1.002 
0d2 
002 
002 
002 
002 
002 
002 
002 
003 

1.002 
003 
002 
003 
002 
003 
002 
003 
002 
003 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
28 
29 
30 
31 
32 
33 
3 4 .  
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
45 
49 

60 

20 
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'*;E! 
004 
oo4 
oo3 

8:; 
oo4 

!!: 
"::: 

- 
Min- 
utes. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
18 
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 
a2 
43 
44 

. 46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 

549.652 
650.658 
551.664 
552.671 
553. G77 
554.684 
555. G90 
650. 097 
557.703 

1 558.710 

I 559.717 560.724 
1 561.731 

MERCATOR PROJECTION TABLE--Continued. 
[Merldlonal distancesfor tho aphorold. Comprosslcn k.3 -- . - - . - - - 

8' 9 O  loo I 11° 

$E 
$: 

MerldIonnl 
distance. 

478.321 
479.324 
480.327 
481.330 
482.333 
483.337 
484.340 
485.343 
486.347 
487.350 
488.354 
489.357 
490.361 
491.365 
492.369 
493.372 
494.376 
495.380 
496. 384 
497.388 
498.392 
499.396 
500.400 
501.404 
502.408 
503.412 
504.416 
505.420 
506.424 
507.429 
508.433 
509.437 
510.442 
511.446 
512.451 
513.465 
514.460 
516.465 
5lG. 4G9 
617.474 
618.479 
619.484 
620.489 
521.494 
522.499 
523.504 
524.509 
525.514 
526.51 9 
527.525 
528.530 
529.535 
630.540 
531.540 
532.551 
633.557 
534.663 
535.568 
530.574 
537. 580 
538.585 

~- , 

610.118 
611.128 
612.137 
613.146 

Oo7 1 OoG 1 
Oo7 

$! 
'* ::; 

I 

614.1CO 
615.166 
610.175 
617.165 
618.195 
619.204 
620.214 
621.224 

599.019 
600.028 ::: 602.046 601.037 

:;E , 603.054 

1'oo6 

Oo9 

$: 

olo 
oo9 
olo 
olo 
oo9 

1.010 

010 

"0:; ::: 
olo 
oll 

670.778 
671.790 
672.803 
673.816 
674.829 
675.842 
676.855 
677.868 
678.881 

;;;;;E 
681.920 
682.934 
683.947 
684.961 
685.974 
686. 988 
688.002 
689.015 
690.029 

Oo7 
006 1 G22.234 

M)7 

Oo7 

'lffwmco 

628.295 
629.305 
630.316 
631.326 
632.337 

1.012 
01 2 
013 
012 
01 2 
013 
012 
013 
012 
013 

1.013 
012 
013 
013 
013 
01 3 
013 
013 
013 
013 

1.013 
013 
014 
013 
014 
013 
014 
014 
013 
014 

1.014 
014 
014 
014 
014 
014 
015 
014 
014 
015 

1.014 
01 6 
015 
014 
016 
016 
016 
016 
015 
015 

1.015 
015 
015 
015 
016 
016 
016 
016 
01 c 

1.016 - 

;!: 1 
1 

gi 
Oo7 z: 

I_ - 
din- 
It& 

_. 

0 
1 
2 
3 
a 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
4% 
43 
44 
46 
45 
47 
48 
49 
60 
61 
62 
63 
M 
66 
60 
67 
68 
69 
80 -- 

633.347 
G34.358 
635.369 
636. 379 
637.390 
038.401 

oll 

"0; 
"0:: 

G96.099 
696. 113 
697.128 
698.142 
699.156 Oo5 

005 

::E 
006 

",",E 
Oo5 
006 
oo5 

676. 839 
577.847 
678.855 
679.862 
680.870 
581.878 
682.886 
583.894 
584.902 
585.910 
586.918 
687.926 

1.005 
oo5 

588.934 1 589.942 
690.961 

1. oll 

"0; 
01 1 
oll 

:ii 
01 1 '' 
012 01 1 !:: 

700.171 
701.185 
702.200 
703.215 
704.229 
705.244 
706. 259 
707.274 
708.289 
709.304 
710.319 
711,334 
712.349 
713.3G4 
714.379 

Oo9 

$; 
Oo8 

l a o o g  I 

654.581 
665.693 
656.006 
G57. G17 
658.629 
059. 641 

OoG 
Oo6 697.002 

I 598.010 



120 

_- 
hfin- 
utos. 

- 
0 
1 
2 
3 
4 
5 
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 

47 
48 
49 

40 

781.532 1.020 
782.552 :;: 

U. S. COAST AND GEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued . 

I 842.842 
843. 86G I 644. 890 

12 O 

50 
51 
62 
63 
54 
66 
66 
57 
68 
59 

[lforidionul distances for tho spheroid. Comprassion & 
~ 

13' I/ 14 O 

771.339 
772.356 
773.377 
774.396 
775.415 
776.434 
777.454 
778. 473 
779.493 
780.613 

Meridionnl 
dfstance. 

720.472 
721.488 
722.504 
723. 520 
724.535 
725.551 
726. 567 
727.584 
728. 600 
729. 616 
730.632 
731. 649 
732. 665 
733. 682 
734. G98 
735.715 
736.732 
737.749 
738. 765 
739.782 
740.799 
741.816 
742.633 
743.850 
744.868 
745.885 
746.902 
747.919 
748.937 
249.954 
750.972 
751.990 
753.007 
754.025 
755.043 
756.061 
757.079 
758.097 
759.115 
760.134 
761.152 
762. 170 
763.189 
764.207 
765.226 
766. 244 
767.263 
768.282 
769. 301 
770.320 

lffercnco. 

1.016 
016 
016 
015 
01 6 
016 
017 
016 
016 
01 6 

1.017 
01 6 
01 7 
016 
017 
017 
017 
016 
017 
01 7 

1.017 
01 7 
017 
018 
01 7 
017 
017 
018 
017 
018 

1.018 
017 
018 
018 
018 
018 
018 
018 
01 9 
018 

1.018 
019 
01 8 
019 
018 
019 
019 
019 
019 
019 

1.019 
019 
019 
019 
019 
020 
019 
020 
020 

1.019 

783. 572 
784. 592 
785. 012 
786. 632 
787. 652 
788. 672 
789. 692 
790. 712 
791.733 
792. 753 
793. 773 
794. 794 
795.814 
796.835 
797.856 

799. 898 
800.919 
801.940 
802. CGJ 
803. 982 
805.003 
806.025 
807.046 
808.068 
809. 089 
810.111 
811.133 
812.155 
813. 177 
814. 199 
815. 221 
816. 243 
81 7.265 
818.287 
819.309 
820.332 
821.354 
822. 377 
823.399 
824.422 
825.444 
826. 467 
827.490 
828. 513 
829.536 
830.559 
831.582 
832. 605 
833.629 
834.652 
835. 676 
836.699 
837.723 
838.747 
839. 771 
840. 794 
841.818 
842.842 

798.877 

020 
020 
020 
020 
02 1 

7.020 
020 
021 
020 
02 1 
021 
02 1 
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 

847. 963 
848. 988 
850.012 
851.037 
662.061 
853.086 
854. 111 
855. 736 
856.161 
857. I8G 
858.21 1 
859.236 
860. 202 
661. 287 
662.312 
863.337 
864. 363 
865.389 
666.415 
867.440 
868.466 
869.492 
870.518 
871.544 
872.571 
873.597 
874.623 
875. 649 
876. 676 
877.702 
878.729 
879. S5G 
880. 782 

882.836 
883.863 
884. 891 
885. !I18 
886.946 
687.973 
889.001 
890.028 
891.056 
892.084 
893. 112 
894.140 

8% 196 
897.224 
898.252 
899.280 
900.308 
901.337 
902.365 
903.394 
904.422 

881. 809 

895. I G ~  

Iflorcnce 

1 .  02-1 
024 
025 
024 
024 
025 
024 
025 
024 
025 

1.025 
025 
025 
025 
025 
025 
026 
025 
025 
025 

1.026 
026 
026 
025 
026 
026 
026 
026 
027 
026 

1.026 
026 
027 
026 
027 
027 
026 
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' 1 

Woridionnl 
clistnncc. 

904.422 
905. 451 
9OG. 480 
907.509 
908.538 
909.567 
910.596 
911. 626 
912. 655 
913. G84 
914.714 
915. 743 
916. 773 
917.803 
918.832 
919.862 
920.892 
921.922 
922.953 
923.988 
925.013 
926.044 
927.074 
928.105 
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. 605 
945. 637 
946. 669 
947. 702 
948. 734 
949. 766 
950. 799 
951.832 
952.864 
9YJ. 896 
954.929 
955.962 
956.995 
958.028 
959.061 
960.095 
961.128 
962.161 
963.195 
964.228 
965.262 
966. 296 

I o  1.029 ~ 1 
029 I 2 
029 I 

020 
029 j t 
029 
030 I 

020 

030 
029 ' ; 

10 

030 13 
020 I 14 
030 
030 i: ::: ! 17 

030 l0 
20 1.031 I 21 

031 I 23 
030 24 
03 1 

25 03 1 
031 I ;: 

28 
031 I * 

1.031 I i! 
032 I i: 
032 35 
032 I i! 
032 I 30 

1.032 40 
033 I :: 

44 033 I 

1.029 I 11 
030 I 12 

030 I l8 

030 22 

8;: 32 

:;; I 38 

;;; I 43 

031 I 

033 
032 
032 
033 
033 

1.033 
033 
033 
034 
033 
033 
034 
033 

. 034 
1.034 

45 

47 
48 
40 
60 
61 
62 
53 
64 
66 
60 
61 
68 
60 
60 

40 

-_ 



THE MERCATOR PROJECTTON. 

MERCATOR PROJECTION TABLE-Continued. 
[Meridionnl distnnces for tho spheroid. Comprassion &] 

lao 17O II 18O 190 

69 
80 - 

Mln- 
Utes. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

' 13 
14 
15 
16 
17 
16 
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 
46 
40 
47 
48 
49 
60 
61 
62 
63 
64 
55 
6a 
67 
68 

27.444 
1028.483 

foridions1 
3istnnce. 

y;; 
g:: 
04G 

9GG. 296 
907.330 
9G8.304 
969.398 
970.432 
971.4GG 
972.500 
973.534 
974.508 
975. GO3 
976. G38 
977.673 
978.707 
979.742 
080.777 
981.812 
982.847 
983.882 
984.918 
985.953 
98G. 988 

989.060 
990.095 
991.131 
992.107 
993.203 
994.239 
995.27G 
990. 312 
997.348 
998.385 
999.421 

1000.468 
01.495 
02.632 
03.509 
04. GOG 
05. 643 
00. G80 

1007.718 
08.755 
09.793 
10.830 
11.878 
12.906 
13.943 
14.981 
1 G .  019 
17.068 

1018.096 
19.134 
20.172 
21.210 
22.249 
23.288 
24.327 
25.3GG 
2G. 405 

988. 024 

' 1153.891 
54.943 
55.994 
57.046 
58.097 
59.149 ::: I :z , 04G 

1; , I '  , 

GO.201 
61.253 
62.305 
G3.357 

Meridionnl 
Illorcnce.ll distnnce. 

040 
040 

' l l  ' 

1 94.143 
95.188 

1111.927 

1.041 
040 
040 
04 1 
041 
040 
04 1 
04 1 

* 041 
041 

1.041 
04 1 
04 1 
042 
042 
04 1 
042 
04 2 
042 
042 

1.042 
042 
042 
04 2 
04 3 
04 3 
04 2 
043 
043 
04 3 

1.043 
04 3 
044 
043 
04 3 
044 
044 
044 
04 3 
04 4 

1.046 
044 
044 
044 
045 
044 
045 
045 
045 

1.044 - 

1174.937 

1101.4G2 
02.508 
03.554 
04. 601 
05. G47 
O D .  G93 
07.740 
08.787 
09.833 
io. sno 

050 057 
05' 

057 
05' 
05' 
05' 

057 

057 
1.058 

G9.672 
047 1 70.724 ::: 1' 71.777 
047 (1 72'830 
047 I, 73"84 

62 
63 
54 
66 
56 
61 
68 
69 
60 

18.211 
19.259 I 
20.307 
21.354 

3 122.402 
23.451 I 
24.499 1 
25.547 

I 

26.595 
27. G44 
28. 693 
29.741 
30.790 
31.839 

1132.888 
33.937 
34.987 
3G. 036 
37. 08(j 
38.135 
39.185 
40.235 
41.285 
42.335 

1143.385 
44.435 
46.485 
4G. 536 I 47.586 
48.637 
49.688 
50.738 
51.789 
52.840 

1153.891 - 

047 1 
n47 I 

I SO. 205 

82.313 :j; 1 1  83. 3G7 

;; I( 81.259 

048 84.421 
1.049 [, 1184.476 

87.585 
88. G40 

olx i, 86.530 

1 89.095 
049 jl 90.730 
048 1 
::: ( 1  94.971 

( 1  119G.028 "E:! 11 97.0S2 
049 I 98.137 

I 1199.193 zi I, 1200.249 

049 I 93.915 

01.305 

03.417 

050 05.530 

-- 
ifforsnco 

1.052 
051 
062 
051 
052 
052 
052 
052 
052 
052 

1.052 
053 
052 ~.~ 

053 
053 
052 
053 
053 

121 

- - 
Min- 
utes. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 

053 IV 



U. S. COAST A N D  GEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued. 
[hfcrldioMl dlstancev for the sphorold. Compression &] 

122 

blin- 
utes. 

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 
32 
33 
34 
36 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
60 
61 
52 
63 
64 
66 
56 
57 
68 
69 
60 -- 

._ 

20° 

hfcrldioMl 
distance. 

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. G40 
44.701 
45. 762 
46.823 
27.884 

1248.945 
50.006 
51.068 
52.129 
53.191 
54.252 
55. 314 
56.376 
57.438 
58.501 

1259.563 
GO. 626 
61. 688 
62.751 
63.814 
64.877 
65.940 
67.003 
68. 067 
69.130 

1270.194 
71.257 
72.321 
73.385 
74.449 
75.513 
76.577 
77. 642 
78. 706 
79. 771 

1280.835 

)Iflerencc 

1.058 
058 
058 
059 
058 
059 
058 
059 
059 
059 

1.059 
059 
059 
059 
060 
059 
060 
059 
060 
060 

1.061 
060 
060 
061 
060 
06 1 
061 
061 
061 
061 

1.061 
062 
061 
062 
061 
062 
062 
062 
063 
062 

1.063 
062 
063 
063 
063 
063 
063 
064 
063 
064 

1.063 
064 
064 
064 

\, 064 
064 
065 
064 
065 

1.064 

21 O 

hfcridlonnl 
dlstsncc. 

1280.835 
81.900 
82.965 
84. 030 
85.095 
86. 161 
87. 228 
88.292 
89.357 
90.423 

1291.489 
92.555 
93.621 
94. 688 
95.754 
96.821 
97. 887 

1298. 954 
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 

19.247 
20.316 
21.386 
22.455 

1323.525 
24.595 
25.665 
28.735 
27.805 
28.875 
29.945 
31.016 
32.086 
33. 157 

1334.228 
35.299 
36.370 

* 37.442 
38.513 
39. 585, 
40. 657. 
41. 728 
42. 800 
43. 872 

1344.945 

is. 178 

3ifTercncc. 
.- 

1.065 
065 
065 
065 
066 
065 
066 
065 
OB6 
OBG 

1. 066 
066 
067 
066 
067 
066 
057 
067 
067 
067 

I .  068 
067 
068 
067 
068 
068 
068 
068 
068 
069 

1.068 
069 
069 
069 
069 
OG9 
069 
070 
069 
070 

1.070 
070 
070 
070 
070 
070 
071 
070 
071 
071 

1.071 
07 1 
072 
071 
072 
072 
071 
072 
072 

1.073 

22O 

Ncridional 
distnnco 

1344.945 
46.017 
47.089 
48. 162 
49.235 
50.307 
51. 380 
52.453 
53.526 
54. GOO 

1355.673 
56.747 
57.820 
58. 894 
59.968 
61.042 
62. I16 
63.191 
64.265 
65.340 

1366.415 
67.489 
68.564 
69.640 
70.715 
71.790 
72.866 
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 
89.014 
90.092 
91.170 
92.248 
93.326 
94.404 
95.482 
96.561 
97.639 

1398.718 
1399.797 
1400.876 

01.955 
03.034 
04.114 
05.193 
06. 273 
07. 353 
08.433 

1409.513 

XiTcrcnce. 

1.072 
072 
073 
073 
072 
073 
073 
073 
074 
073 

1.074 
073 
074 
074 
074 
074 
075 
074 
075 
075 

1.074 
075 
076 
075 
075 
076 
076 
075 
076 
076 

1.076 
077 
076 
077 
076 
077 
077 
077 
078 
077 

1.077 
078 
078 
078 
078 
078 
078 

. 079 
’ 078 

079 
1.079 

079 
079 
079 
080 
079 
080 
080 
080 

1.080 

23’ 

Ycrldionnl 
distnnco. 

1409.513 
10.593 
11.673 
12.754 
13.834 
14.915 
15. 996 
17.077 
18.158 
19. 239 

1420.321 
21.402 
22.484 
23.566 
24.647 
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 
47.400 
48. ,485 
49.570 
50.655 
51. 741 

1452.826 
53.912 
54.998 
56.084 
57.170 
58.256 
59.343 
GO. 429 
61.516 
62. 603 

1463. 690 
64. 778 
65.864 
68.951 
68.038 
69.126 
70. 214 
71.302 
72.390 
73.478 

1474.566 

1.080 
080 
081 
080 
081 
081 
081 
081 
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 
085 
085 
085 
085 
085 
086 
085 

1.086 
086 
086 
086 
086 
087 
086 
087 
087 
087 

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 
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05.13G 
1606.243 

MERCATOR PROJECTION TABLE-Continued. 
[Morl.lionnI dlstnncea for tho sphorold. Cornproasicn &] 

2 
3 
4 
6 

7 
8 
9 
10 
11 
12 
13 
14 
16 

17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
28 
29 
30 
31 
32 
33 
34 
36 

37 
38 
39 
40 
41 
42 
43 
44 
45 

47 
48 
49 
60 
61 
62 
63 
64 

a 

io 

2a 

30 

4a 

76.743 
77.832 
78.921 
80.010 
81.099 
82.189 
83.278 
64.368 

1485.458 
86.548 
87.638 
88.728 
89.819 
90.909 
92.000 
93.091 
94.182 
95.273 

1496.3G4 
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. G92 
24.787 
25.882 
26.978 
28.073 

1529.169 
30.265 
31.361 
32.457 
33.553 

66 I 34.650 
66 i 35.746 
67 ! 36.843 
68 I 37.940 
69 I 39.037 
(10 i 1540.134 

Difforoncc 
____ 

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 
003 
093 
094 
093 
094 
094 
09.1 
094 

1.094 
095 
004 
095 
095 
095 
095 
096 
095 
096 

I .  096 
096 
096 
096 
097 
096 
097 
097 

2 

hforidlonol 
dlstnnco. 

1540.134 
41.231 
42.328 
43.426 
44.524 
45. 622 
46. 720 
47.818 
48.916 
50.015 

1551.113 
52.212 
53.311 
54.410 
55.509 
56. GO9 
57.708 
58.808 
69.908 
61. 008 

1562.108 
63.209 
64.309 
65.410 
66.511 
67.612 
68.713 
69.814 
70.915 
72.017 

1573.119 
74.221 
75.323 
76.425 
77.527 
78.629 
79.732 
80.835 
81.938 
83.041 

1584.144 
85.248 
8G. 351 
87.455 
88.559 
89. GG3 
90.767 
91.871 
92.976 
94.081 

1595.186 
96. 291 
07.396 
98.501 

1599. 607 
1600.712 

01.818 
02.924 
04.030 

Dlboroncc 
. . 

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 
103 
103 
103 
103 
103 

1.104 
103 
104 
104 
104 
104 
104 
105 
105 
105 

1.105 
105 
105 
106 
105 
106 
106 
106 
106 

1.107 

... .- . . -_ . . . . . _. . 

20° 
Mcrldlonnl 
dlstnnco. 

, 
1GO6. 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 

1 628.404 
29.514 
30.624 
31.734 
32.844 
33.955 
35.065 
36.176 
37.287 
38.398 

1039.509 
40.621 
41.. 733 
42. 844 
43.956 
45.068 
46. 181 
47.293 
48.406 
49.518 

1650.631 
51.744 
52.857 
53.971 
55.084 
56. 198 
57.312 
58.426 
59.540 
GO. 654 

. G G l .  769 
62.884 

Dlderoncc 

1.106 
107 
107 
107 
107 
107 
108 
107 
108 
108 

1.108 
109 
108 
109 
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 

:::$; 1 116 
115 

67.344 
68.459 I iii 
69.575 1 
70.691 ! ;:! 
71.807 I llG 

672. 923 . 

Mcrldlonnl 
dlstnnco. 

1672.923 
74.040 
75. 156 
7G. 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. CA2 

1699.762 
1700.883 

02.003 
03.124 
04.245' 
05.366 

1706.487 
07. GO9 
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 

1728.949 
30.074 
31.199 
32.324 
9 . 4 5 0  
34.575 
35.701 

1 - 

11G 
117 
117 
117 
117 
117 
118 
117 
118 

1.118 
119 
118 
118 
110 
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 

36.827 126 
37.953 127 39.080 ' 

1740.206 ~ 1'12G 

1 
2 
3 
4 
6 

7 
8 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
92 
43 
44 
45 

47 
48 
48 
60 
61 
62 
63 

66 

67 
68 
69 
60 

a 

2a 

4a 

64. 

sa 

..- - 
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MERCATOR PROJECTION TABLE-Continued. 
[Meridional distancesfor thesphoroid. Compression &] 

28" li 29 ' I 30' I! 31' 
- _  ___  

I 18081122 

-- 
Mln- 
Utes. 

' I '  

";;: , 

137 I 
138 I 
139 I 

138 I 

;;; 
139 
140 

;;; 

;:; 
141 

'' ;:; 
142 

0 1876.706 
77.855 
79'004 

82.453 

84.753 
85.903 
87.053 

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 

83. r43 

i 
2 
3 

' ' 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
la 

47.153 
48.314 
49.476 

17 
18 
19 

, 
, 

i 
I 

20 
21 
22 
23 
24 
26 
20 
21 
28 
29 
30 
31 
32 
33 
34 

E l  
37 j 
38 i 
39 i 

' 52.961 
54.123 
55.285 
56.448 

1957.611 
58.774 
59.937 
(il .  100 

40 
41 
42 
43 
44 

I 8 

' 
I 
I 

i 

: 

Ioridionnl 
Iistence. 

740.206 
41.333 
42.460 
43.587 
44.714 
45.841 
46.969 
48.096 
49.224 
50.352 

62. 203 
63.427 
64.591 
65.756 
00.920 
68.085 

19fi9. 249 
70.414 
71.580 
72.745 
73.911 
75.077 

751.481 
52. 609 

131 
131 
132 
131 

53.738 
54.866 
55.995 
57.124 
58.254 
59.383 
GO. 513 
61.643 

762.773 
63.903 

I 
I 
I 

65.033 
66.164 
67.295 

142 I 
i;: 

68.426 05.488 
06.642 
07.796 
08.950 

69.557 
70.688 
71.820 

1. 143 
143 
144 

;;; 
;z 
;g 
145 

ig 
1. 145 

146 

72.951 
1911.259 

12.414 
13.569 
14.724 
15.880 
17.035 
18.191 
19.347 
20.503 
21. GGO I 
23.973 

1 25.130 

27.445 

I 1922.816 

I 26.287 

774.083 
75.215 1.132 

132 

133 
133 
132 
134 

132 76.347 
77.479 
78.612 
79.745 
80.877 
82.011 

! 

1 
1 
I 

i 

83.144 
84.277 

' 

I 
i 
I 

I 
I 
I ' 
I 

I 
I 

I 
I 

I 

1785.411 
86.545 
87.679 
88.813 
89.948 

80.747 
87.915 
89.084 
90.252 
91.421 

1992.590 
93. 759 
94.929 
06.098 
97.268 
98.438 

1999. 609 
2000.779 

01.950 
03. 121 

2001.292 
05.4G3 
06.635 
07.807 
08.979 
10.151 

46 I 91.082 

1.134 
134 
134 
135 
134 
135 92.217 t: I 93.352 

48 94.487 

I 
I 
! 
I 
~ 

I 
I 

49 1 95.622 147 
147 

;:; 
L48 
147 
148 
i48 

i:! 

1.147 60 1796.758 
61 I 97.893 
62 I 1799.029 

29.760 i 30.918 
, 32.077 

33.235 ! 
I 1934.394 

35.553 ' 36.712 
37.871 
39.031 
40.191 
41.351 
42.511 
43.671 
44.832 

I 1945.992 

66 I 02.438 
6G I 03.574 

70.964 
72.112 
73.260 
74.409 
75.557 

1876.706 

67 O4.7ii  
18 I 05.848 
69 I 06.985 

- _  80 I 1808.122 - -. . _. . 

25.204 

27.485 
28.626 

34.332 

II 

1.135 
136 1 1  
136 I! 

:;: I( 
137 

1.137 ( 1  

3G. 616 
37.758 
38.900 
40.043 
41.186 

842.329 
43.472 
44. 615 
45.759 
46.902 
48.046 
49.190 
50.335 
51.479 
52.624 

1853.769 
54.914 
56.059 

58.350 57. 204 I I 
60.642 
61.788 i 
62.934 I 
64.081 1 

1865.228 I 
66.375 , 

67.522 

Moridionnl 
)ifference. distance. 

. - -. . 

Meridional 
3ifTeronco' 1 1  dlstnnco. 

1.149 
149 
149 
150 
150 
150 
150 
150 
150 
151 

1.151 
151 
151 
152 
151 
152 
152 
152 
153 
152 

1.153 
153 
154 
153 
154 
154 
154 
154 
155 
154 

1.155 
155 
155 
156 
155 
1 X  
15G 
156 
157 
156 

1.157 
157 
157 
158 
158 
157 
158 
159 
158 
159 

1.159 
159 
159 
160 
160 
1GO 
1 60 
1 60 
161 

1.160 

76.243 
77.409 !I 78.575 / I  79.742 

I 1980.909 1 82.076 
83.244 

11.323 1) 12.496 
( I  13. 669 
!I 14.842 

Xflorence. 

1.161 
161 
162 
161 
162 
162 
162 
162 
163 
163 

1.163 
163 
163 
163 
184 
164 
165 
164 
165 
164 

1.165 
166 
165 
166 
168 
166 
166 
166 
167 
1 67 

1.167 
168 
167 
168 
168 
168 
169 
168 
169 
169 

1. lG9 
170 
169 
170 
170 
171 
170 
17 I. 
171 
17 1 

1 .171  
172 
172 
172 
172 
,172 
173 
173 
173 

1.173 

- 

hfin- 
U t e s .  

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 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 

20 

60- 



Mb- 
utm. 
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MERCATOR PROJECTION TABLE-Continued. 
[Neridioml dlstancas for tho sphoroid. Comprwion &] - - 

Mh- 
Utos.  

- 
0 
1 
2 -  
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
11 
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 

16 
16 
17 
16 
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 
63 
64 
66 
66 
67 
68 
69 
eo -- 

14 
33. 641 
34.815 
35.995 
37.172 
38.349 

2039.527 
40.705 
41.883 
43.061 
44.239 
45.418 
40.597 
47.776 
48.955 
50.134 

2061.314 
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 
70.243 
71.407 
72.591 
73.775 

2074.959 
76.144 
77.328 
78.513 
79.698 
80.884 
82.069 
83.255 
84.441 
85.628 

2086.814 

32.464 

I)ifloronce 
___ , .  

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 

3 3 O  
Neridlonnl 
distnnce. 

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 
04.640 
0.5. 830 
07.021 
08.211 
09. 402 

2110.593 
11.785 
12.976 
14.168 
15.360 
16.552 
17.745 
18.937 
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. GGO 
36.856 
38.052 
39.249 
40.446 
41.643 
42.841 
44.038 
45.236 

2146.434 
47.033 
48.831 
50.030 
51.229 
52.428 
53. 627 
54.827 
50.027 
57.227 

2158.428 

xl?eronco 

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 

34 O 

Meridionnl 
distnnco. 

2158.428 
59.629 
GO. 830 
62.031 
63.232 
64.434 
65.636 
66. 838 
68. 041 
69.243 

2170.446 
71.649 
72.853 
74.050 
75.260 
76.464 
77. 668 
78.873 
80.077 
81.282 

2182.488 
83. 693 
84.899 
86.105 
87.311 
88.518 
89.724 
90.931 
92.138 
93.346 

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 
10.276 
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 

Dlfloroncr 

1.201 
201 
201 
201 
202 
202 
202 
203 
202 
203 

1.203 
204 
203 
204 
204 
204 
205 
204 
205 
206 

1.205 
20G 
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 
-- 

360 
Meridionnl 
dlstnnco. 

2230.898 
32.'113 
33.329 
34.545 

e35.761 
36.977 
38.194 
39.411 
40. ti28 
41.845 

2243.063 
44.281 
45.499 
46.717 
47.936 
49.155 
50.374 
51.583 
52. S13 
54.033 

2255.253 
56.473 
57. 693 
58.914 
GO. 135 
61.357 
62.578 
03.800 
65.022 
66. 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 
86.838 
87.065 
88.292 
89.519 
90.747 

2291.975 
93.203 
94.431 
95. G60 
96.889 
98.118 

2299.347 
2300.577 

01.807 
03.0S7 

2304.267 -~ 

3lfToronco 

1.215 
216 
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 

228 

229 I E 
wn 230 j 67 
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62 
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MERCATOR PROJECTION TABLE-Continued. 
rMerldlonnl dlstancos for tho spheroid. Compression k.3 

68.616 

-- 

Min- 
utos. 

294 

0 
1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 

42 
43 

L -- 
36' 

Merld ioml 
distnnce. 

2304.267 
05.498 
06.729 
07.960 
09.192 
10.423 
11.655 
12.887 
14.120 
15.353 

2316. 586 
17.819 
19. om 
20.287 
21.521 
22.755 
23.990 
25.225 
2G. 460 

19 ~ 27.695 
20 ! 232S.931 
21 I 30.167 

23 I 32. 640 
22 I 31.404 

24 i 33.877 
!&5 I 35.114 
20 ' 36.351 
21 i 37.589 
28 38.827 
29 I -40.065 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
60 
61 

2341.303 
42.542 
43.781 
45.020 
46.260 
47. N O  
48.740 
49.980 
51.221 
52.462 

2353.703 
54.944 
5G. 186 
57.427 
58. GG9 
59.912 
61.154 
62.397 
63. 641 
64.884 

2366.128 
67.372 

MTerencc. 
. 

1.231 
231 
231 
232 
23 1 
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 
24 0 
24 0 
240 
240 
24 1 
24 1 
24 1 

1.241 
24 1 
24 2 
24 2 
243 
242 
243 
244 
243 
244 

1.244 
244 
24 5 
24 5 
24 5 
24 6 
245 
24 G 
24 7 

1. 246 

- 37 O 

Merldlonnl 
dlatmce. 

2378.581 
79.828 
81.075 
82.323 

H4.818 

87.315 
88.504 
89.813 

2391.062 
!12. 312 
93.562 
94.812 
96.002 
97.313 
98.564 

2399.816 
2401.067 

02.319 
2403.5T1 

04.824 
06.076 
07.329 
08.582 
09.836 
11.090 
12.344 
13.598 
14.853 

2416. 108 
17.3G3 
18.618 
19.874 
21.130 
22.366 
23.643 
24.900 
26.157 
27.415 

2428. 672 
29.930 
31.189 
32.448 
33. 707 
34.9GG 
36.225 
37.485 
38.745 
40.006 

2441.266 
42.527 
43.788 
46.060 
46.311 
47.573 
48.836 
50.098 
51.361 
52.624 

83.570 

86.066 

)Iff urence. 

1.247 
247 
248 
24 7 
248 
248 
249 
24 9 
24 9 
24 9 

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 
267 

1.258 
259 
259 
259 
259 
259 
260 
260 
261 
260 

1.261 
261 
262 
261 
262 
263 
262 
263 
263 

1.264 

3 8 O  
Merldional 
distmce. 

2453.888 
55.152 
56.41 6 
57.680 
58.945 
60. 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 
76.081 
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 

2504.6G9 
06.945 
07.221 
08.497 
09.773 
11.050 
12.327 
13. (io4 
14.882 
16. 160 

2517.438 
18.717 
19.996 
21.276 
22.654 
23.834 
25.114 
26.395 
27.675 
28.960 

2530.238 

, 
Ilffcrencc. 

1.264 
264 
264 
265 
265 
265 
206 
266 
266 
266 

1.267 
267 
267 
2G8 
268 
268 
269 
268 
269 
270 

1.269 
270 
271 
270 
27 1 
271 
272 
27 1 
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 

Mcridionnl 
distanco. 

I 

2530.238 
31.519 
32.801 
34.083 
35.366 
36. G49 
37.932 
39.215 
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 
57.216 
58.504 
59.793 
61.081 
02.370 
63. 660 
64. 949 
66. 230 
G7. 529 

2508.820 
70.111 
71.402 
72.694 
73.986 
76.276 
76.570 
77.863 
79.156 
80.449 

2581.743 
83.037 
84.331 
85. 626 
8G. 921 
88.216 
89.511 
90.807 
92.103 
93.400 

2594.697 
95.994 
97.292 
98.590 

2599.888 
2601.186 

03.784 
05.084 
06. 383 

2607.083 

02.485 

_- , 
0 1.281 I 1 

;;; 1 2 
283 1 
283 
283 
283 
284 
264 
285 

1.284 
286 
285 
286 
286 
287 
286 
287 
287 
288 

1.287 
288 
289 
268 
289 
290 
289 
290 
290 
291 

1.291 
291 
292 
292 
292 

6 
8 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 

21 
28. 
29 
30, 
31 
32 
33 
34 

20 

295 
296 
295 
295 
296 
296 
297 
297 

1.297 
298 
298 
298 
298 
299 

1.299 
1.300 
1.299 
1.300 

- -  _ _  

44 
46 

47 
48 
49 
80 
6 1  
62 
63 
64 
66 
6U 
67 
68 
69 
00 

40 

_ _  



- - 
Mln- 
U t e s .  

~ 

0 
1 
2 
3 
4 
6 

7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
27 
2a 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
11 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
63 
64 

6 6 .  
66 
67 
68 
60 
60 

a 

.- 

_ _  - .- 
Dlfioronco. 
. -___. 

THE MERCATOR PROJECTION. 

MERCATOR PRO JECTLoN TABLE-Continued. 
[Morldlonnl dlstnnccsfor thosphorold. Compresslon 

Min- 
u t ~ *  
- 

40' 

2929.594 ... 1847. 171 - 

Morldlonnl 
dlatnnce. 

- 

2607. 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 
35.058 
36.365 
37. 672 
38.980 
40.288 
41.597 
42.906 
44.215 
45.524 

2646.834 
48.144 
40.454 
50.765 
52.076 
53.388 
54.700 
56.012 
67.324 
58. 637 

2659.960 
61.263 
02.577 
63.891 
65.205 
68.520 
67.835 
69.160 
70.406 
71.782 

2673.099 
74.415 
75.732 
77.049 
78.367 
79.686 
81.003 
82.322 
83. 641 
84. 960 

!686. 280 --- 

1.301 
300 
301 
301 
302 
302 
302 
303 
303 
303 

1.303 
304 
304 
305 
305 
305 
306 
306 
306 
306 

1.307 
307 
307 
308 
308 
309 
309 
309 
309 
310 

1.310 
310 
311 
311 
312 
312 

.312 
312 
313 
313 

1.313 
314 
514 
314 
315 
315 
315 

316 
317 

1.316 
317 

' 317 
318 
318 
318 
319 
319 
319 

1.320 

310 

41' 

Meridionnl 
dlstnnco. 

2686. 280 
87. GOO 
88.920 
90. 241 
91.562 
92.884 
94.206 
95. 528 
96.850 
98.173 

2699.496 
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 
48.691 
50.027 
51.363 

2752. 700 
54.038 
55.375 
66. 713 
58.052 
59.390 
GO. 729 
62.069 
63.409 
64.749 

!766. 089 

-- - 
Dlfloronct 

1.320 
320 
321 
321 
322 
322 
322 
322 
323 
323 

1.324 
323 
324 
325 
325 
325 
325 
326 
326 
927 

1.327 
327 
327 
328 
328 
329 
329 
329 
330 
330 

1.330 
330 
331 
331 
332 
332 
332 
333 
333 
333 

1.334 
334 
335 
334 
335 
336 
336 
336 
336 
337 

1.338 
337 
338 
330 
338 
339 
340 
340 
340 

1.340 

- 
42 ' 

Morldlonnl 
dmnnco. 

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 
83.540 
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 

10.522 
11.875 
13.228 
14.581 
15.935 
17.289 
18. 643 

2819. 998 
21.353 
22. 700 
24.065 
26.421 
26.777 

* 28.134 
29.492 
30.850 
32.208 

!833. 566 
34.925 
36.284 
37. 643 
39.003 
40.364 
41. 724 
43.085 
44.447 
45.809 

09: 170 

Dltlorenc 

1.341 
34 1 
34 1 
342 
342 
342 
343 
343 
344 
344 

1.344 
345 
345 
345 
340 
346 
347 
347 
347 
347 

1.348 
348 
349 
349 
349 
350 
350 
350 
351 
351 

1.352 
352 
352 
353 
353 
353 
354 
354 
354 
355 

1.355 
356 
356 
35G 
356 
357 
358 
358 
358 
358 

1.359 
359 
359 
360 
361 
360 
361 
362 
362 

1.362 

12 7 

43 --I--= 
Merldionnl 
tllYtnnC0. 

2647. 171' 
48.533 
49.896 
51.260 
52.623 
53.987 
55.352 
56.716 
58.081 
59.447 

2860.813 
62.179 
63.546 
64.913 
66. 280 
6 7 J 4 8  
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 
'30. $59 
92.333 
93.708 
95.084 
96. 460 
97.83G 

2899.212 
2300.589 
2301. DG6 

03. 344 
04. 722 
06. 100 
07. 47!J 
08. 858 
10.238 
11. 618 
12.998 
14.379 

2915.760 
17. 142 
IS. 524 
19.906 
21.289 
22.672 
24.056 
25.440 
26.824 
28.209 

- - ... - . . 
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Dmeronce, 

'' 4":; 
410 

412 I 
:ti 
4";; 
!;i 

41(i 416 
416 

iii 
"",: 

419 
420 
419 

iiy 
42, 

i:; 
1. 422 

:ii 
424 
424 

ig: 
42(i 

427 

i;; 
,";! 
:gi 
430 
430 
430 

2;; 
432 

433 

i;: 
435 

433 

- - 
Mill- 
Utes. 

I_ 

0 
1 
2 
3 
4 
6 
6 
1 
8 
9 
10 
11 
I2 
13 
14 
15 
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 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
6t) 
60 

Moridionnl 
disloncc. 

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 
SG.201 
37.G47 
39.094 
40.541 

3141.989 
43.438 
44.886 
46.335 
47.785 
49.235 
50.68G 
52.137 
53.588 
55.040 

3156.492 
67.945 
59.398 
60.852 
62.306 
63.761 
65.216 
66.671 
68.127 
69.584 

3171.041 
72.498 
73.956 
75.414 
76.873 

79.791 
81.251 
82.712 
84.173 

3185.634 

, 

78.332 

U. S. COAST A N D  GEODETIC SURVEY. 

1.435 
435 

",; 
437 

:z: 
439 

MERCATOR PROJECTION TABLE-Continued. 
[Moridionnl dislnncos for the sphoroid. Compravsion &] 

44O I; 46' ii 46' 11 47 O 

__ I - 

' I '  
3185.634 

87.096 
88.558 
90.021 
91.484 
92. 948 
94.412 
95.876 
97.341 

3198.807 

MWidiOMl 
distnnco. 

zi: 
387 
387 
388 
387 
388 
389 
389 
389 
390 
390 

;;; 
391 
392 
392 
393 
393 

1.393 

394 
395 
396 
396 
396 
396 
397 

1'398 
397 
398 
399 
399 
399 
400 
400 
401 
401 

"$; 
403 
402 
403 
404 
404 
404 
405 
405 
405 
406 
407 
406 
407 
408 
408 

!:: 
I '  409 

;:; 

2929.594 
30.979 
32.365 
33.751 
35: 138 
36.525 
37.913 
39.300 
40.688 
42.077 

2943.466 
44.855 
46.245 
47. 635 
49.026 
50.417 
51.808 
53.200 
54.592 
55.985 

2957.378 
58.771 
GO. 165 
61.559 
62.953 
64.348 
65.744 
67. 140 
$8.536 
69.932 

2971.329 
72.727 
74. 124 
75.522 
76.921 
78.320 
79. 719 

82.519 
83.920 

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 

ai. 119 

2985.321 

' ,  
3013.427 1 14.837 1 16.247 

17. 657 
I 19.068 
, 20.479 

21.891 1 23.303 
24.716 I 26.129 

3027.542 
28.956 
30.370 
31.784 
33.199 
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 
60. 164 
61.588 
63.012 
64.436 
65.800 
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 1 87.283 
88. 714 
90.146 
91.578 
93.011 
94.444 
95.878 
97.312 

3698.747 

1.440 ::: 
i:: 

3200.273 
01.739 
03.206 
04. 674 
06.142 

Meridlonsl 
DIBorence' 11 distnncc. 

~~ 

442 

zii 
"::: 

445 
445 
446 

442 

443 

jj; 
447 

i:; 
1'449 

448 
449 
450 
450 
451 

igi 
452 
452 

07.610 

10.548 
12.018 

3214.959 
16.430 
17.902 
19.374 
20.846 
22.319 
23.793 
25.267 
2G. 741 
28.216 

3229.691 
31.167 
32.643 
34.120 
35.597 
37.075 
38.553 
40.032 
41.511 
42.991 

09.079 

13.488 

"44;; 
454 
454 
455 

3244.471 
45.951 
47.432 
48.914 
60.396 

.~ 

44;; 
456 

"4; 
1. 457 :;: 

2;; 

51.878 
53.361 
54.844 
56.328 
57.813 

3259.298 
GO. 783 
62.269 
63.755 
65.242 

459 
460 

i:i 
4G1 

Xfference 

66.729 
68.217 
69.705 
71.194 
72. 683 

3274.173 

1.462 
462 
463 
463 
464 
4 G4 
4 64 
465 
466 
466 

1.466 
467 
468 
4 68 
4 68 
4 69 
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 
4 89 

1.490 
-- 

- 
Mh- 
utea. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
21 
28 
29 
30 
31 
32 
33 
34 
36 
38 
31 
38 
39 
40 
41 
42 
43 
44 
46 
46 
41 
48 
49 
60 
61 
62 
63 
64 
66 
66 
61 
68 
89 
60 - 



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 
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 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 

THE MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Continued. 

48 a 

Morldionnl 
dlstnnco. 

, 
3274.173 

75. 663 
77.154 
78.645 
80.136 
81. G29 
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 

$319.090 
20.595 
22. loo 
23.606 
25.113 
26.620 
28.127 
29.635 
31.143 
32.652 

1334.162 
35.672 
37.182 
38.693 
40.204 
41.716 
43.228 
44.741 
46.255 
47.769 

50.798 
52.314 
53.830 
55.346 
56.863 
68.381 
59.899 
61.417 
62.936 

364.466 

8349.283 

Differencs 
__. 

1.490 
491 
491 
491 
493 
492 
493 
494 
494 
494 

1.495 
496 
496 
496 
497 
498 
498 
498 
499 
500 

1.500 
500 
501 
501 
502 
502 
503 
504 
504 
504 

1.505 
605 
500 
507 
507 
507 
508 
608 
509 
510 

1.510 
510 
511 
511 
512 
512 
513 
514 
514 
514 

1.515 
516 
616 
516 
517 
518 
618 
518 
519 

1.620 

[Jderidionnl dlstnncas for tho sphorold. Comprwion 2( 

49O 

Moridlonnl 
dislonce. 

3364.456 
65.976 
67.497 
(19.018 
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 
61.929 
63.479 
55.030 

1456.581 

1.520 
521 
521 
521 
522 
523 
523 
524 
524 
525 

1.525 
526 
526 
526 
527 
528 
529 
529 
529 
530 

1.530 
531 
531 
532 
533 
533 
533 
534 
535 
535 

1.535 
536 
537 
537 
638 
638 
539 
539 
540 
540 

1.541 
542 
542 
542 
543 
544 
544 
545 
545 
546 

1.546 
547 
547 
548 
548 
549 
549 
550 
551 

1.551 

__ . - 

60" 

Norldlonnl 
distmco. 

3456.581 
58.132 
59. e84 
61.237 
62.790 
64.344 
65.899 
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. G47 
22.221 
23.796 
25.371 
26.947 
28.524 
30.101 
31. 678 
33.256 

1534.835 
36.415 
37.995 
39.575 
41.156 
42.737 
44.319 
45.902 
47.485 
49.069 

1550.654 

Dlflorencc 

, 
1.551 

552 
553 
553 
554 
555 
555 
555 
556 
557 

1.557 
557 
558 
559 
559 
560 
561 
561 
561 
562 

1.563 
563 
563 
564 
565 
565 
566 
567 
667 
567 

1.568 
569 
569 
570 
570 
571 
571 
572 
573 
573 

1.574 
574 
575 
575 
576 
577 
577 
577 
578 
579 

1.580 
580 
680 
681 
681 
582 
583 
583 
684 

1.585 - 

129 

Morldlonnl 
distnnce. 

3550.654 
52.239 
53.824 
55.410 
56.997 
58.584 
Go. 172 
61.761 
63.350 
64.939 

3566. 529 
G8.120 
69.712 
71.304 
72.896 
74.489 
76.083 
77. 677 
79.272 
80.868 

3582.464 
84.060 
85.657 
87.255 
88.853 
90.452 
92.052 
93.652 
95.252 
96. 853 

3598.455 
3600.058 

01.661 
03.265 
04.869 
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 
27.390 
29.003 

3630.617 
32.231 
33.846 
35.462 
37.078 
38. 695 
40.312 
41.930 
43.548 
45.167 

3646.787 

, , 
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 
600 
g01 
g02 

1. GO3 
603 
g04 
604 
605 
605 
GOB 
607 
607 
g07 

1. 609 
609 
610 
610 
611 
611 
612 
612 
613 
614 

1.614 
615 
616 
616 
617 
617 
618 
618 
639 

1.620 

- 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
lB 
20 
21 
22 
23 
24 
26 
20 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
30 
39 
40 
41 
42 
43 
44 
46 
46 
41 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
eo - 



130 

- __ 
M h -  
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 ae 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
80 - 

Meridional 
dlstnnce. 

U. S. COAST AND GEODETIC SURVEY. 

MERCATOR PROJECTION TABLE-Continued. 

Min- 
DiBorenco. I utes. 

62O 

24.312 , 

26.084 I 

Meridlonnl 
distance. 

;?,; 
772 

3646.787 
48.408 
50.029 
51.650 
53.272 
54.895 
56.519 
58.143 
59.767 
61.393 

3663.019 
64.645 
66.272 
67.900 
69.528 
71.157 
72.787 
74.417 
76.048 
77. 679 

3679.311 
80. 944 
82.577 
84.211 
85.845 
87.480 
89.116 
90.762 
92.389 
94.027 

3695.665 
97.304 

3698.943 
3700.583 

02.224 
03.866 
05.508 
07.150 
08.793 
10.437 

3712.082 
13.727 
15.373 
17.019 
18. 666 
20.314 
21.962 
23. 611 
25.261 
26.911 

)728.682 
30.213 
31.865 
33.518 
35.171 
36.826 
38.480 
40.135 
41.791 
43.447 

1745.105 

24.312 , 

26.084 I 

Difterencc 
____ 

1.621 
621 
621 
622 
623 
624 
624 
624 
626 
626 

1.626 
627 
628 
628 
629 
630 
630 
631 
631 
632 

1.633 
633 
634 
634 
635 
636 
636 
637 
638 
638 

1.639 
639 
640 
64 1 
642 
G42 
642 
643 
644 
645 

1. 645 
646 
646 
647 
648 
648 
649 
650 
650 
651 

1.651 
652 
653 
653 
654 
655 
655 
656 
656 

1.658 

;?,; 
772 

[Meridlonal distancas for tho spheroid. Compresslcn 1 

46.363 
47.091 

3948.830 I 

Moridionnl 
distance. 

738 
1'739 

3745.105 
46.763 
48.421 
50.080 
51.740 
53.401 
55.062 
56.724 
58.386 
GO. 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 
88.420 
90.095 
91. 771 
93.447 

3795.124 
98.801 

3798.479 
3800.158 

01.837 
03.517 
05.198 
06.879 
08.661 
10.244 

3811.928 
13.612 
15.297 
16.982 
18. 668 
20.355 
22.043 
23.731 
25.420 
27.109 

3828.799 
30.490 
32.182 
33.874 
35.567 
37.261 
38.955 
40.650 
42.345 
44.041 

3845.738 

27.856 
29.630 
31.404 

Dill oroncc 

I. 658 
658 
659 
660 
661 
661 
662 
662 
663 
664 

1. 664 
665 
666 
666 
667 
668 
668 
669 
669 
670 

1. 671 
672 
672 
673 
673 
674 
675 
676 
676 
67i 

1.677 
678 
679 
679 
680 
681 
681 
682 
683 
684 

1.684 
685 
G85 
686 
687 
688 
688 
689 
689 
690 

1.691 
692 
692 
693 
694 
694 
695 
095 
696 

1.697 

774 
774 
775 

.. 

64O 

27.856 
29.630 
31.404 

Meridional 
distance. 

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 
71.275 
72.983 
74.691 
76.400 
78.110 

3879.821 
81.533 
83.245 
84.958 
86.672 
88.386 
90.101 
91.816 
93.533 
95.250 

3896.967 
3898.686 
3900.405 

02.125 
03.845 
05.566 
07.288 
09.011 
10.734 
12.458 

3914.183 
15.909 
17.635 
19.362 
21.090 
22.818 
24.547 
26.277 
28.008 
29.739 

3931.471 
33.203 
34.937 
36. 671 
38.406 
40.142 
41.878 
43.615 

774 
774 
775 

4036.731 
38.508 
40.286 

Dlfferenc 

1.698 
698 
699 
700 
701 
io1 
702 
702 
703 
704 

1.704 
705 
706 
707 
707 
708 
708 
709 
710 
711 

1. 712 
712 
713 
714 
714 
715 
715 
717 
717 
717 

1.719 
719 
720 
720 
721 
722 
723 
723 
724 
725 

1.726 
726 
727 
728 
728 
729 
730 
731 
731 
732 

1.732 
734 
734 
735 
736 
736 
737 
738 

'.;;; 4036.731 
38.508 
40.286 

~~ 

3948.830 
50.570 
52.311 
54.052 
55.794 
57.537 
59.281 
61.025 
62.770 
64.516 

3966.262 
68.009 
69.757 
71. 606 
73.255 
75.005 
76.756 
78.508 
80.260 
82.013 

3983.767 
85.522 
87.277 
89.033 
90.790 
92.548 
94.306 
96.065 
97.825 

3999.586 
4001.347 

03.109 
04.872 
00.635 
os. 399 
10.164 
11.930 
13.697 
15.464 
17.232 

4019.001 
20.770 
22.541 

'.;;; 
779 

- 

1.740 I 
741 
741 
742 1 f 
743 

45.624 
47.405 
49.187 

52.753 
60.970 

744 
744 I 
745 ~ ; 
746 
746 I 

;:; 
783 
783 

1.747 
748 
749 
74 9 
750 
751 
752 
752 
753 
754 

1.755 
755 
756 
757 
768 
768 

. 759 
7 60 
761 
761 

1.762 
763 
763 
764 
765 
766 
767 
767 
768 
769 

1.769 
771 

45.624 
47.405 
49.187 

52.753 
60.970 

;:; 
783 
783 

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 
42 
43 
44 
M 
46 
47 
48 
49 
60 
61 
62 
63 
64 

66 
56 
61 
88 
69 
ao - 



THE MERCATOR PROJECTION. 

MERCATOR PROJECTION TABLE-Continued. 

4163.027 

131 

- - 

Min- 
utes. 

- 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
24 
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 
66 
60 
67 
68 
69 
00 - - 

[Merldlonnl dlstnncos for the spheroid. Compresslon & 
__ ._ -~ 

I 67 ' 68' 

4389.113 
91.052 1 1.939 

939 
59.892 
61.679 

,lRerence, ' 1  Merldionul 
distance. 

---..-I-_.__. 

'I  1. 833 4274.485 
76.369 

!I 78.254 
836 
836 

MerldloMl 
dlstnnce. 

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 
14.059 
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 
57.569 
59.445 
61.322 
63.200 
65.079 
66. 958 
68.839 
70.720 
72. 602 

4274.485 
.- 

DiRerence. 
__ . .. -_ 

1.884 
885 
885 
887 
887 
888 
890 
890 
891 
892 

1.892 
894 
895 
895 
896 
898 
898 
899 
so0 
901 

1.901 
903 
904 
904 
905 
906 
908 
908 
909 
909 

1.911 
912 
913 
913 
915 
915 
916 
917 
918 
919 

1.920 
921 
922 
923 
924 * 

924 
925 
927 
927 
928 

1.930 
930 
931 
932 
932 
934 
935 
936 ' 
936 

1.938 - 

3lflormce 

1. 784 
785 
786 
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 
830 
830 
831 

1.832 

0 I 4054.537 

92.9s.l 
94.932 
96.873 

4398.815 
4400.759 

02.703 
04. 648 
06.594 

4408.541 
10.489 
12.438 
14.388 
16. 339 
18.291 
20. 244 
22.197 
24.152 
26.108 

4428.064 
30.022 
31.981 
33.940 
35.901 
37.862 
39.825 
41.788 
43.753 
45. 718 

4447.684 
49. 652 
51.620 
53.589 
55.560 
57.531 
59. 503 
61.476 
63.451 
65.426 

4467.402 
69.379 
71.357 
73.336 
75.317 
77.298 
79.280 
81. 263 
83.247 
85.232 

4487.218 
89.205 
91.193 
93.182 
95.172 
97.163 

4499.155 
4501.148 

03.142 
05.137 

4507.133 

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 
996 

1.996 

80. 139 
82.026 
83.913 
85.801 
87. 691 
89.581 
91.472 

4293.364 
95.256 
97.150 

4299.045 
4300.940 

02.836 
04.734 
06.632 
08.531 
10.431 

4312.332 
14.233 
16.136 
18.040 
19.944 
21.849 
23.755 
25.663 
27. 571 
29.480 

4331.389 
33.300 
35..212 
37.125 
39.038 
40.953 
42.888 
44. 784 
46.701 
48. 61'3 

4350.538 
52.458 
54.379 
56.301 
58.224 
GO. 148 
62.072 
63.997 
65.924 
67.851 

4369.779 
71.709 
73. 639 
75. 570 
77.502 
79.434 
81.368 
83.303 
85.239 
87.175 

4389. 113 

3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
2.3 
24 
26 
20 

' 27 
28 
29 
30 
31 
32 
33 
SI 
36 

37 
38 
39 
40 
41 
42 
43 
44 
46 
40 
47 
48 
49 
w 
61 
62 
63 
64 
65 
60 
67 
68 
69 
60 

3a 

I_ 

63.467 
ti5. 255 
67.044 
68.834 
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 
93.983 
95.785 
97.588 

4099.392 
4101.197 

03.002 
04.808 
06.615 

4108.423 
10.231 
12.040 
13.850 
15.661 
17.473 
19.285 
21.098 
22.912 
24.727 

4126.543 
28.300 
30.177 
31.995 
33.814 
35.634 
37.464 
39.275 
41.097 
42.920 

4144.744 
46.569 
48.394 
50.220 
52.047 
53.875 
55. 704 
57.534 
59.364 
01.195 

837 
837 
839 
839 
840 

1.841 
842 
843 
844 
844 
846 
846 
847 
848 
848 

1.850 
850 
851 
852 
852 
854 
854 
855 
856 
857 

1.858 
859 
860 
860 
862 
8ti2 
863 
864 
865 
866 

1.866 
867 
868 
869 
870 
871 
872 
872 
873 
875 

1.875 
876 
877 
878 
879 
879 
881 
881 
882 

1.883 
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- - 
M h -  
Utes .  

- __ 
0 
1 
2 
3 
4 
b 
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 
41 
48 
49 
60 
61 
62 

- 63 
64 
66 
66 
67 
68 
59 
80 

' 1 "t;: 1 
i$J I 
;$ j 
135 

129 

U. S. COAST A N D  GEODETIC SURVEY. 

4884:117 
86.317 

90.721 
92.925 
95.130 
97.336 

4899.544 

88.518 

MERCATOR PROJECTION TABLE4hntinue.d. 
[Moridioml distances for tho npheroid. Comprwsion .&.I 

60' I I  61' II 62' I1 63' 

";;; 
1.999 

"g; 
002 

8; 
005 
Oo6 

2'007 '' 
:ig 

M ~ l d i 0 ~ 1  
dlstmco. 

4628.789 
30.849 

;;:"9:"2 
37.035 
39.099 
41.165 
43.231 
45.299 
47: 368 

' 51.508 
53.580 
55.653 

, 57.727 

' 4649.437 

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 

g587.817 
89.856 
91.895 
93.936 
95.978 

1598.020 
1600.064 

02.109 
04.155 
06.202 

L608.250 
10.299 
12.349 
14.400 
16.452 
18.506 
20.560 
22.616 
24.672 
26.730 

l628.789 

::: 
65. OOO 
67.133 
69.268 
71.403 

. _ _  
012 
013 
015 

069 I 

015 
017 

73.540 

2.017 
019 
019 
021 
022 

_._ 

"'8;; 
075 

59.802 
61.879 
63.956 

4775.678 
77.817 
79.958 
82.099 
84.242 

66.035 
68.114 

2.139 j 
! 

144 143 1 , 

4670.195 

4906.175 
08.388 
10.603 
12.818 
15.035 

72.277 
74.360 
76.444 
78.529 

8:: 
079 

:&? 

86.386 
88.531 
90.677 
92.825 
94.973 

145 
146 1 
148 ' 
i:t 1 

"E; 
;;; 
156 

17.253 

.?j!:tig 
23.915 
26.138 

4928.362 
30.588 
32.815 
35.043 
37.273 

2.082 

;E 
085 
086 
088 

:it 
092 

'*::: 
::; 

091 

095 

Dmerencc. Meridional -11 dlstanco. 

4797.123 
4799.274 
4801.427 

03.580 
05.735 
07.891 
10.048 
12.206 

16.626 
4818.688 

20.851 

25.181 
27.348 

14.366 

23.016 

066 
066 
068 
069 
OG9 

2.071 
072 
073 
074 
075 

022 :z 
026 
027 

80.615 
82.703 
84.791 
86.881 
88.972 

157 

i! 
160 
162 

65. OOO 
67.133 
69.268 
71.403 
73.540 

4775.678 
77.817 
79.958 
82.099 
84.242 

39.504 
41.736 
43.970 
46.204 
48.441 

::: 
!:! 
037 

4701.540 
03.639 
05.739 
07.840 
09.942 

099 

lo' 

$: 

29.516 
31.685 
33.856 
36.027 
38.200 

1 t:! 1 
109 I 

4840.374 
42.550 
44.726 
46.904 
49.083 

"':;: ::; 
042 
044 

047 
048 

4712.045 1 14.149 
16.255 I 18.361 
20.469 

24.688 
26.799 

22.578 

28.912 
31.025 

ilo 
111 

;:3" 
115 

"i:: 
ii: 
121 
121 
123 

ii: 
2. 12' 

-- 
Diflorencc 

2.200 
20 1 
203 
204 
205 
206 
208 
209 
211 
211 

2.213 
215 
215 
217 
218 
219 
22 1 
222 
223 
224 

2.226 
227 
228 
230 
231 
232 
234 
234 
237 
237 

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 

I 51.263 
53.445 
55.628 
57.812 
59.997 

4802.183 
64.371 
66.560 
68.750 
70.942 
73.134 
75.328 
77.524 
79.720 
81.918 

4884.117 

= 

Mln- 
U t e s .  

- 
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 

38 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
46 
46 
47 
48 
49 
so 
51 
62 
63 
64 
65 
66 
67 
68 
69 
60 - 

"E: 
051 

056 
058 

2.059 

4733.140 
35.256 
37.373 
39.491 
41.610 
43.731 
45.852 
47.975 
80.099 
52.224 

4754.350 

2' ;:: 
i:i 
194 
196 

ii: 
2. lS9 

4995.704 
4997.970 
5000.236 

02.504 
04.774 
07.045 
09.317 
11.590 
13.865 
18.141 

5018.419 
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MERCATOR PROJECTION TABLE-Continued, 

-.. 

6 4 O  
Min- I 
llte9. Meridlolull 

distance. 

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 
M 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 

. 67 
68 
69 
00 -- 

5018.419 
20.698 
22.978 
25.259 
27.542 
29.827 
32.113 
34.400 
36.688 
38.978 

5041.269 
43.562 
45.856 
48.151 
50.447 
52.745 
55.045 
57.346 
59.648 
61.992 

5064.257 
66. 563 
68.871 
71.180 
73.491 
75.803 
78.117 
80.432 
82.748 
85. 066 

5087.386 
119.706 
92.028 
94.351 
96.676 

5099.002 
5101.330 

03.659 
05.989 
08.321 

5110.655 
12.990 
15.326 
17. 664 
20.003 
22.344 
24. 686 
27.029 
29.374 
31.721 

i134.069 
36.419 
38.770 
41.122 
43.476 
45.831 
48.188 
50.646 
62.905 
55.266 

i157. 620 

Different 

I 

2.279 
280 
281 
283 
285 
286 
287 
288 
290 
291 

2.293 
294 
295 
296 
298 
300 
301 
302 
304 
305 

2.306 
308 
309 
311 
312 
3 4  
315 
316 
318 
320 

2.320 
322 
323 
325 
326 
328 
329 
330 
332 
334 

2.335 
336 
338 
339 
341 
342 
343 
345 
347 
348 

2.350 
351 
352 
354 
355 
357 
358 
359 
3G1 

2.363 

(bferidlonnl cllstancw for the sphorold. Compression 2: 

6bo 

M er I d i o ~ l  
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 
20.795 

5220.203 
31.612 
34.023 
36.435 
38.849 
41.265 
43. 682 
46.101 
48.821 
50.942 

5253.366 
55.791 
58.217 
GO. 645 
63.074 
65.506 
67.938 
70.373 
72.809 
75.246 

5277.686 
80.126 
82.568 
85.012 
87.457 
89.905 
92.354 
94.803 
97.255 

5299.709 
5302. 164 

-_ 
Dlff~~oronc~ 
-~ 

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 
4 12 
414 
416 
417 
419 
420 
421 
424 

2.425 
426 
428 
429 
43 1 
433 
435 
436 
437 
440 

2.440 
442 
444 
445 
448 
449 
449 
452 
454 

2.485 - 

5302.1G4 
04.621 
07.079 
09.538 
11.999 
14.463 
16.928 
19.394 
21.862 
24.331 

5326.802 
29.275 
31.750 
34.226 
36.704 
39.183 
41.664 
44.147 
46. 631 
49.117 

5351. 605 
54.094 
56.585 
59.078 
61.572 
64.068 
GO. 565 
69.064 
71.565 
74.068 

b376. 572 
79.078 
81.586 
84.095 
86. GO7 
80.119 
91.634 
94.150 
96. GG8 

W99.187 
5401.709 

04.231 
06. 756 

11.810 
14.340 
16. 871 
19.404 
21.939 
24.476 

i427.014 
29.554 
32.096 
34. 640 
37.185 
39.732 
42.281 
44.832 
47.384 
49.938 

i452.493 

09.282 

Difference 

2.457 
458 
459 
461 
4 G4 
465 
466 
4 68 

. 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 
531 
533 
535 
537 
538 

2.540 
542 
544 
545 
547 
649 
551 
552 
554 

2.555 
-- 

67 
Merldionul 
distance. 

5452.493 
55.051 
57. 610 
GO. 171 
G2.734 
65.298 
67.865 
70.433 
73.003 
75.574 

5478.148 
80.724 
83.301 
85.880 
88.461 
91.043 
93.627 
96. 213 

5498.801 
5501.390 
5503.981 

00.573 
09.166 
11.761 
14.358 
16. 957 
19.559 
22,162 
24.7G7 
27.375 

529.985 
32.597 
35.212 
37.829 
40.447 
43.067 
45.688 
48.312 
50.937 
53.564 

5556. 192 
58.822 
61.454 
64.088 
66. 723 
(19.360 
72.000 
74. 641 
77.284 
79.929 

j582.576 
85.225 
87.875 
90.528 
93.182 
95.839 

i598.497 
iGO1. 157 

03.819 
06. 483 

iGO9.149 

DIfferonc 
-__ , 

2.558 
559 
561 
563 
564 
567 
568 
570 
571 
574 

2.576 
577 
579 
581 
582 
584 
586 
588 
589 
591 

2.592 
593 
695 
597 
590 
g02 
603 
g05 
608 
610 

2.612 
615 
617 
618 
620 
621 
624 
625 
627 
628 

2. 630 
632 
634 
635 
637 
G40 
641 
643 
G45 
647 

2.649 
650 
G53 
654 
657 
658 
660 
662 
GG4 

2. 666 

133 

===z=z 

Mh. 
uta .  

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 
35 
36 
37 
38 
89 
40 
41 
42 
43 
44 
46 
48 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
59 
60 - 



134' 

2'923 

;g; 
929 
932 

--- -- 
Mh- 
UW. 

- 
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 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
39 
4G 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 

6123.602 
26.673 
29.746 

35.900 
I 32.822 

U. S. COAST AND GEODETIC SURVEY. 

2.668 

E;; 

MERCATOR PROJECTION TABLE-Continued. 
[Merldloml distance3 for tho spherold. Compression &.] 
__ . . _ _  __ II 69" II 70" II 71" 

5772. 739 
75.528 
78.319 

' II ' 
2. 789 ;;: 
;:i 
800 
801 

808 
2.810 ::! 

1609.149 
11.817 
14.487 
17.159 
19.832 
22.508 
25.186 
27.865 
30.547 
33.230 

5035.915 
38. GO2 
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 
$7.311 

5690.036 
92.763 
95.492 

5698.223 
5700.956 

03. 691 
06.429 
09.168 
11.909 
14.652 

5717.398 
20.146 
22.894 
25.646 
28.399 
31.155 
33.913 
36.672 
.39.434 
42.198 

5744.064 
47.732 
50.502 
63.274 
56. 040 
58.826 
61.604 
64.384 
67.167 
69.952 

5772.739 

5943. 955 
46.878 
49.803 
52.730 
55.659 

61 526 

1 67.402 

, 58.591 

I (i4' . ~ 6 3  . 

70.343 
5973.287 

76.234 
79.182 
82.133 

682 

2.687 
690 

92.306 
95.110 

5797.917 
5800.725 

03.535 

Meridlonnl fference'll distance. 

830 
2.832 

i:i 
838 

ii 
847 

852 

1 II ' 

96.925 

6002.858 I 05.828 
~ 08.801 

11.776 
' 14.753 1 17.733 

20.716 
23.701 
26.688 1 29.678 

6032.670 

1 5999.890 ;:: 
2';$ ;:: 

715 
717 
719 

;$ 
725 

2.727 

;i! 
733 
735 
738 
739 
741 ;:: 

2. 747 

753 
756 
,58 
759 ;:: 
766 

;;; 

;g 

2. 768 

lffcrence. 

26.096 
5828.926 

31.758 
34.593 
37.429 
40.267 
43.108 
45.951 
48.797 
51.644 
54.4M 

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 
M. 625 

51197.608 
5900.394 

03.282 
06.172 
09.065 
11.960 

17.756 
20.658 
23.562 

5914.857 

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 
166 
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 - 

867 
87O 
872 
875 

2.876 

:iy 
883 
886 

_ -  - 
h- 
ea 
- 

0 
1 
2 
3 
4 
6 
0 
7 
8 
9 
LO 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
!a 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
30 
37 
38 
a9 
40 
41 
42 
43 
44 
46 
46 
47 
48 
40 
SO 
61 
62 
63 
64 
55 
66 
67 

69 
60 

a8 

- 

53.685 
56.697 

' 59.712 I 
1 6062.729 

65.748 I 68.770 
71.794 

I 74.821 
1 

2.gi 
go4 
w6 
909 
911 
913 
916 
918 

2. 920 

' 6093.038 1 96.083 
6099.130 
6102.180 

' 05.232 
I 1 08.287 

11.346 
14.406 

' 17.460 
' 20.534 I 6123.602 
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B¶ERCATOR PROJECTION TABLE-Continued. 
[Meridional d is tnnca for the spheroid. Cornpransion 6.3 

3':32! 
:!: 
:t! 
66:; 
"::; :;: 

635 

662 

680 
684 

:i: 
3.703 

- - 
bun- 
U t e s .  

0 
1 
2 

' 3  
4 
6 
6 
7 
8 
9 

10 
11 
12 
1s 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
24 
28 
27 
28 
29 
30 
31 
32 
53 
54 
3s 
38 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
ao 
61 
62 
63 
64 

66 
66 
67 
68 
69 
60 - 

6947.761 
51.625 

59.365 
63.242 
67.123 
71.008 
74.898 
78.792 

6966.592 
90.498 
94.409 

6998.324 

65.493 

82.690 

7002.243 
06.167 
10.095 
14.028 
17.965 
21,906 

29.801 
7025.852 

72' II 73O 

22.340 
25.770 
29.203 

Meridional 
distance. 

;ii 
722 

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 
64.898 
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 

6410.968 
14.283 
17.611 
20.942 
24.276 
27.613 
30.954 
34.298 
37.646 
40.995 

6444.348 
47.704 
51.063 
54.425 
57.790 
61.159 
64.531 
67.906 
71.284 
74.665 

6478.050 
81.437 
84.828 
88.222 
91.619 
95.020 

6498.424 
G501.831 
05.241 
08.654 

6512.071 

37.714 
41.677 
45.646 

' II ' 

;:: 
3.742 

;;; 
;E 
;:: 
770 

;;: 
785 

;;: 
798 

:!i 
810 

819 

3.782 

815 

3.235 
238 
242 
244 
247 
250 
253 
256 
259 
262 

3.264 
267 
271 
273 
277 
279 
283 
286 
288 
292 

3.296 
297 
300 
304 
307 
310 
313 
315 
319 
322 

3.326 
328 
331 
334 
337 
341 
344 
347 
350 
353 

3.356 
359 
362 
365 
369 
372 
376 
378 
381 
385 

3.387 
391 
394 
397 
401 
404 
407 
410 
413 

3.417 

67.576 
61.561 

7065.651 
69.545 
73.644 
77.547 
81.555 
85.568 
89.586 
93.607 

7097.633 
7101.664 

I :!:$! 
17.833 
21.887 
25.946 
30.009 
34.077 

42.226 

7105.699 

38.149 

6512.071 ll :8":"9: 

3.822 
826 
831 
835 
839 

:$ ::; 

7146.308 
50.394 
54.485 
58.581 
62.682 
66.787 
70.897 
75.012 
79.132 
83.257 

36.079 11 39.522 
42.968 

11 6546.418 
49.871 /I 53.327 
56.786 11 60.249 

74.134 
77.614 

6581.097 
'84.583 
88.073 /I 91.566 
96.063 

11 6598.663 
6602.067 ll 11 12.698 
6616.116 ll 2:; 

11 26.688 
30.219 

37.292 
11 33.754 

40.833 I) 44.378 
47.927 

6651.479 
65.035 
58.694 
62.157 
65.723 
69.293 11 72.866 
76.443 
80.024 
83.609 

6687.197 
90.788 
94.383 

6697.982 
6701.684 
05.190 
OS. 800 
12.413 I 16.030 

I 19.651 
j 6729.275 

Xfference 

3.420 
423 
426 
430 
433 
437 
439 
443 

' 446 
450 

3.453 
456 
459 
463 
466 
470 
473 
476 
480 
483 

3.486 
490 
493 
497 
500 
bo4 
507 
510 
614 
618 

3.520 
624 
528 
531 
635 
538 
641 
645 
649 
552 

3.556 
569 
563 
566 
570 
673 
677 
681 
686 
688 

3.591 
595 
599 
602 
606 
610 
813 
617 
621 

3.625 

740 II 76' 
---_I: _- 

Meridional 
dlstnnca 

6723.275 
26.903 
30.534 
34.169 
37.808 
41.451 
46.097 
48.747 
52.401 
56.059 

6759.721 
63.386 
67.065 
70.728 
74.404 
78.084 
81.768 
85.466 
89.148 
92.844 

6796.543 
6800.246 
03.953 
07.663 
11.378 
16.096 
18.818 
22.545 
26.275 
30.009 

6833.747 
37.489 
41: 236 
44.986 
48.740 
52.498 
66.260 
60.027 
63.797 
67.671 

6871.349 
75.131 
78.916 
82.706 
86.500 
90.298 
94.100 

6897.906 
6901.716 
05.531 

8909.360 
13.172 
16.998 
20.829 
24.664 
28.603 
32.346 
36.193 
40.045 
43.901 

6947.761 

Nerldionsl D1ffwmce'I! dlstanco. 

' II 1 

Difference 

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 
969 
963 
968 
972 
977 
981 
986 
990 

3.994 
3.999 
i. 003 
008 
013 
017 
022 
026 
031 
035 

4.040 
045 
049 
054 
059 
063 
068 
072 
077 
082 

1.086 
091 
096 
101 
105 
110 
115 
120 
125 

4.130 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
24 
21 
22 
23 
24 
26 
26 
27 
28 
28 
so 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

61 

68 
M 
66 
66 
61 
w 
69 
80 

ao 
a2 

- 
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Min- 
Utes.  

419 
424 
430 
436 

4. 441 

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 
25 
28 
27 
28 
b 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
M 
66 
66 
67 
68 
69 
60 - 

7697.740 
7702.519 

07.304 
12.096 
16.895 

7721.700 

U. S. COAST A N D  GEODETIC SURVEY. 

MERCATOR ' PROJECTION TABLE-Continued. 
[Meridional distances for tho sphoriod. Compression &] 

Meridional 
d l s t a n C 8 .  

, 
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 
60.990 
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 

, 
4.134 

139 
144 
149 
154 
159 
163 
169 
174 
178 

4.183 
188 
193 
198 
203 
208 
213 
219 
223 
229 

4.233 
238 
243 
249 
254 
258 
265 
269 
274 
280 

4.284 
290 
295 
300 
306 
311 
316 
322 
327 
332 

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 
71.106 
75. 716 

7580.332 
84.953 
89.681 
94.215 

7598.855 
7603.502 

08.154 
12.813 
17.478 
22.149 

7626.827 

353 y".oilr) 359 )) 45.597 

Differena 

4.447 
452 
458 
463 
4 69 
475 
481 
487 
492 
498 

4.504 
509 
515 
521 
527 
532 
539 
544 
550 
556 

4.561 
567 
574 
579 
585 
592 
597 
604 
610 
610 

4.621 
628 
634 
640 
647 
652 
659 
665 
671 
678 

4.683 
689 
696 
702 
708 
715 
721 
728 
734 
740 

4.746 
753 
759 
766 
773 
779 
785 
792 
799 

4.805 

Meridional 
distanca 

7721.700 
26.511 
31.329 
36.154 
40.985 
45.823 
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 

7819.208 
24.155 
29.109 
34.070 
39.038 
44.013 
48.996 
53.986 
58.983 
63.987 

7868.998 
74.016 
79.041 
84.073 
89.113 
94.160 

7899.214 
7904.276 

09.345 
14.421 

7919.505 
24.59G 
29.694 
34.799 
39.912 
45.033 
50.161 
55.297 
GO. 441 
G5.592 

7970.751 
75.917 
81.090 
86. 271 
91.460 

7996. 656 
8001. 861 

07.074 
12.294 
17.522 

8022. 758 

4.811 
818 
825 
831 
838 
845 
852 
858 
865 
472 

4.878 
885 
892 
899 
!No6 
912 
920 
927 
933 
941 

4.947 
954 
961 
968 
975 
983 
990 

4.997 
5. 004 

011 
5.018 

025 
032 
040 
047 
054 
062 
069 
076 
084 

5. 091 
098 
105 
113 
121 
128 
136 
144 
151 
159 

5.166 
173 
181 
189 
196 
205 
213 
220 
228 

5.236 

8022.758 
28.001 
33.252 ' 
38.511 
43.778 
49.053 
54.336 
59.628 
64.927 
70.234 

8075.550 
80.873 
86.203 
91.542 

8096.890 
8102.246 

07. 610 
12.983 
18.364 
23. 753 

8129.150 
34.555 
39.969 
45.391 
50.821 
56.260 
61.708 
G7.165 
72.630 
78.104 

8183.586 
89.076 

8194.575 
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. 861 
72.484 
78.117 
83.759 
89.409 

8295.069 
8300.737 

06.414 
12.101 
17.798 
23.504 
29.219 
34.944 
40.678 
40.422 

8352.176 -- 

I Mln- 
3merence. uta* 
-- 

0 5.243 
251 
259 

6 283 

299 
307 
316 I 

292 i 
10 5.323 ~ 11 

330 I 12 

348 14 356 ' 

339 I 13 

364 
373 
381 
389 
397 

5.405 
414 
422 
430 
439 

16 
16 
17 
18 
19 

.20 
21 
22 
23 
24 
25 

448 , 28 
457 i Z7 
465 

482 
5.490 I t: 

499 I 32 

525 

474 I 

543 I 37 

E? 38 
570 ! 39 

40 5.578 I dl 
580 
595 I 2; 
605 
614 
623 
633 
642 
650 
660 

5.668 
677 
687 
697 
706 
715 
725 
734 
744 

5.754 

M 
46 
41 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 - 



FIXING POSITION BY WIRELESS DIRECTIONAL BEARINGS3‘ 

A very close approximation for plotting on a Morcator chart the position of a 
ship receiving wircless bearings is given in Admiralty Notice to Mariners, No. 952, 
June 19, 1920, ns follows: 

I.-GENERAL. 

1”ixing position by  directional wireless is very similar to fixing by  crow bearing from visible objecte, 
the principal difference being that, when using a chart 011 the Mercator projection allowance has to be 
made for the curvature of the earth, the wireless stations,being generally nt very much greater distances 
than the objecta used i n  a n  ordinary cross bearing fix. 

Although fixing position by  wireless directional bearings is dependent for ita accuracy upon the 
degree of precision with which it is at present possible to determine the direction of wireless waves, con- 
furnation of the c o w  and distance made good by  the receipt of additional bearinbw, would afford con- 
fidence to those responsible i n  the veasol 88 the land is approached under weather conditione 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 should not exceed 2’ for day worldng,but it is to be noted that errors at 
night may Le larger, although sufficient data on this point is not at present available. 

11.-TRACK OF WIRELESS WAVE. 

The track of a wireless wave heing a great circle is repreeentcd on a chart on the Mercator projection 
by a flat curve, concave toward the Equator; thia flat curve is most curved when it runs in  an east and 
west direction and flattens out aa the bearing changea toward north and south. When exactly north 
and south it is quite flat and is then a straight line, tlie meridian. The true bearing of a ship from a 
wireless tolegraph station, or vice versa, is the angle contained by the great circle passing through either 
position and ita reapective meridian. 

111.- CONVERGENCY 

Meridians on the earth’s surface not being parallel but  converging at the polee, it follows that a great 
circle will intersect meridians ae it c rmee  them at a varying angle unless the great circle itself paem 
through the poles and becomes a meridian. Tho difference i n  the angles formed by  the intersection of a 
great circle with two meridians (that is, convergency) depends on the angle the great circle makes with 
the meridian, the middle latitude between the meridians, and the difference of longitude between the 
meridians. 

This difference is known as the convergency and can be approximately calculated from the formula- 
Convergency i n  minutes=diff. long. in  minutea x sin mid. lat. 

Convergency may be readily found from tho convergency scale (see fig. 62), or i t  mny be found by 
traverse table entering the diff. long. aa distance and mid. lat. aa course: the r e d t i n g  departure being 
the convergency in minutes. 

IV.-TRUE AND MERCATORIAI, 13EAIlIN(;S. 

IIeridiane on a Mercator chart being represented by parallel lines, it follows that the h e  b e a h g  of 
tlie  hip from tho station, or vice versa, can not be represonted by  a straight line joining the two positions, 
the Htraight line joining them being the m a n  mercaloi-iul bearing, which differs from the true bearing 

81 A vnlunblo contrlbutlon t o  this subjwt by 0. w. I&IOha% s p p r e d  In tho Journnl of tho Amerlmn Soclety of Naval 
Enghoors, Fobrunry, 1020, undor tho titlo: “The ProspWtive Utilization 01 Vmd-to-Shoro Rndiommpnss Bearings in Aorlnl and 
Trnnsocennlo Snvigntlon.” 

diagram 011 Pilot Chnrt No. 1400, February, 1921, ontitled ‘‘Position 
Plotting by Radio Bonrlngg” by Elmor B. ColUns, nnUtid Oxport, G. S. Hydrographic Ofllco. On thls diagrnm there Is 
gtvon 8 mothod of llxlng tho position of8 vossol on n Morcntor chnrt both by plotting nnd by computntlon. 

Tho ~d.miralty uses doad-reckoning position for prCbinnV flX whcrens by tho Hydrographlo Offlco method tlloprellmlnary 
ns 1s ObMnod by lnyina tho rndlocompass bwlngs on tho MoK2%tor chart. Tho Hydrogmpilc Ofllco nlso gives n mothod of 
computation whoroin tho rndiocompass bmrings nr0 USOd 111 n mfillllor Very similar to Sumrlor lines. 

Slnce golng to pross our attention hna been called to 

600 nlso tho pnrapp l i  wirrlcss directional bearings under the chnptor 6’nmonic Projeclfm, p,  1.11. 
137 



138 U. S. COAST AND GEODETIC SURVEY. 

by &4 the convergency. As it k this mean mercatorial bearing which we require, all that k neceseary 
when the true bearing b obtained from a W/T station is to add to or subtract from it + the convergency 
and lay off this bearing from the station. 

NOTE.- on the gnomonic projection which facilitate the plotting of true bcerings are now in 
course of preparation by the Admiralty and the U. S. Hydrographic Office. 

V.-SIGN OF THE 4 CONVERGENCY. 

Provided the bearings are always meaeured in degreca north 0' to 360" (clockwise) the eign of this 1 

N. lat ._.__. .._. . . _ _ _  _.._..___ 4 convergency ia + to the bearing given by the W/T station 

N. lat.. . . ~. - - -. ~. . . . . .. -. -. - -4 convergency is - to the bearing given by the WIT station 

S. lat. . . -. . . -. . . . . - -. -. . . . . . .The opposite. 

convergency can be aimply determined as follows: 

when ship is E. of station. 

when ship is 11'. of station. 

When the W/T station and the ship are on opposite aides of the Equator, the factor sin mid. 1st. is 
necessarily very small and the convergency b then negligible. All great circlca in tho neighborhood 
of the Equator appear on tho chart aa straight linea and the convergency correction aa deacribed above ia 
immaterial and unnecemary. 

VI.-EXAMPLE. 

A ship is by 1). R.3ain lat. 48'45/ N., long. 25' 30' W., and obtains wirelees bearings from Sea View 
244p' and from Ushant 2773'. What is her pOatiOn? 

Sea View.. _ _  - .  . . . . .Lat. 55' 22/ N. 
D. R.. . . . . . -. . . . . - .Lat. 48' 45/ N. 

Mid. lat. -. . . . . . . . - 52O 03' N. 

Long. 7' 194' W. 
Long. 25' 30) 11'. 

Diff. long. 1090.'5 
J 

Convergency= 1090.5 Xsin 52'=859/, 
or 3 convergency=7' OW 

The true bearing signaled by Sea View waa 244fO; as ship is wcat of the station (north lat., 808 Par. V) 
tho 3 convergency will bo "minus" to the true bearing signaled. 

Therefore tho mercatorial baring will be 2374' nearly. 
Similarly with Uehant. 

Lat. D. R. -. - -. . . ~ -48' 45) N. 
Lat. Uahant - - .  . . . . .48' 264' N .  

Mid. lat.. . . . . . . . . . -48" 36) N. 

Long. 25' 30' W. 
Long. 5' 05$/ It'. 
Diff. long. 1224.'5 W. 

Convergency=1224.5 X& 48' 36/=919/, 
or 3 convergency=7' 40' 

The true bearing &paled by Uahant was 2771'; aa ship is west of the station (north lat., see Par. V) 
the 4 convergency will be "minus.' to the true bearing signaled. Therefore the mercatoria1 bearing will 
be 270° nearly. 

Laying off 2371" and 270' on the chart from Sea View and Uahant, respectivcly, the interecction 
will be in: 

Lat. 48' 271/ N., long. 25" 05/ W., which is tho ship's position. 
NOTE.-h plotting the positions the largest scale chart availablo that embracee the area ahodd be 

A station pointer will be found convenient for laying off the bearings where the distances are 

The accompanying chartlet (we Fig. 62), drawn on the Mercator projection, shows the above posi- 
tions and tho error involved by laying off the true bearings aa signaled from Sea View W/T station and 
Ushant W/T station. 

The black curved linea are tho groat circle8 psssing through Sea View and ship's position, and Uahant 
and ship's poeition. 

The red broken linea are the true bearings laid off a~ signaled. their intersection "B" being in lati- 
tude 50" 14' N., longitude 25' 46/ W., or approximately 110'from the correct position. 

The red firm lines are the mean mercatorial bearings laid off from Sea View and Ushant and their 
~tereection "C" givea the ship's position very nearly; that is, latitude 48' 27+/ N., longitude 25' 05' W. 

used. 
great. 

- 
Dead reckoning. 



3cslss for obtaining the Convergencyfor IO' Diff.Longitude in different Latitudes. 

Scab d Mid.&Ruda 

Scala of Mid.L.tit 

Scala af Con wrgsnw 

Exrmplsi- Mid. Lst. SO'& diH long. 282; To find the ConvcKgsncy. 
Under 50.30; on Mid LaLacale m d  7. Ton ?wfe o f  Conwqency 

liad byZ8.2 gives 217: Me Convergency. 

FiQ 62 - 



FIXING POSITION BY WIRELESS DIRECTIONAL BEARINGS. 139 

Position “ A , ’  is the ship’s D. R. position, latitude 48’ 45’ N., longitude 25’ 30’ W., which waa ueed 
for calculating the 3 convergency. 

NOTE.-AB the true position of the ship should have been used to obtain the 3 convergency, the 
quantity found is not correct, but it could be recalculatod using lat. and long. “C” and a more correct 
value found. This, however, is only necessary if the error in the ship’s sssrimed poaition is very great, 

VI1.-ACCURACY OF THIS METHOD OF PLOTTINO. 

Although thb method is not rigidly accurate, it can be used for all practical purposes up to 1,OOO 
milea range, and a very close approximation fonnd to the linea of p i t i o n  on which the ship is, at the 
moment the stations receive her signals. 

VII1.-USE OF W/T BEARIKQB WITH OBSERVATIONS OF HEAVENLY BODIES. 

It follows that W/T bearings may be used in conjunction with position lines obtained from observa- 
tions of heavenly bodies, t.he position lines from the latter being laid off aa straight linea (although in this 
caae also they are not strictly eo), due consideration being given to the possible error of the W/T bearings. 
Moreover, W/T bearings can be made uee of at short dmtanccs aa “position linea,” in a similar manner to 
the so-called “Sumner line” when approaching port, making the land, avoiding dangers, etc. 

I X . 4 O N V E R S E  METHOD. 

When ships are fitted with apparatus by which they record the wireless bearings of shore statione 
whose positions are known, the same procedure for hying off bearings from the shore stations can be 
adopted, but it is to be remembered that in applying the 3 convergency to these bearings it must be 
applied in the convem way, in both hemispheres, to that laid down in paragraph V. 

A new presentation of the problem of conversion of radio bearings to mercatoria1 
bearings 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 1). 187.1 

The gnomonic projection of the sphere is a perspectivc projection upon a tan- 
gent plane, with the point from which the projecting lines are drawn situated nt 
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 tho 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 track line between them and shows a t  onco all the 
geographical localities through which the most direct route passes. 

P 
/I 

FIG. GR.-Diagram illustrating tlic theory of the gnomonic projeclion. 
Tho four-slded f lyre  QRsT Is the imsginnry paper forming a “tangent plane,” which touches 

the surface of tho globe on the wntral moridinn of the chart. The N.4. axis of the globe is con- 
ceived BS produced to a polnt P on which all moridlans convergo. Where imaginnry llnoa drawn 
from the centor of the earth throug:; points on Its surlsce fall on tho tangent plano, these 
points can be plotted. The tmgent paper being viewed i r i  tho flgure from undornoath, the 
outline of tho Island is reversod as in a looking glass; If the paper wero transparent, the outline, 
when soon from tho furthor side (tho chart side) would bo in its natural relation.-From Chnrts: 
Thdr Use and Yeanlng, by Q. Herbert Fowler, Ph. D., University College, London. 

Obviously a completo hemisphcro can not be constructed on this plan, sinco, 
for points 90“ distant from the center of the map, the projecting lines are parallel 
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to the plane of projection. As the distance of the projected point from the center 
of the map approaches 90a the projecting line approaches a position of parallelism 
to the plane of projection and the intersection of line and plane recedes indefinitely 
from tho center of the map. 

Tho chief fault of the projection and tho ono which is incident to its nature 
is that whilo those positions of the sphere opposite to the eye are projected in approxi- 
mately their true rolations, those near the boundaries of tho map are very much 
distorted and the projection is useless for distances, areas, and shapes. 

The one special property, however, that any groat circle on the sphere is repre- 
sented by a straight line upon tho map, has brought tho gnomonic projection into 
considerable prominenco. For the purpose of facilitating great-circle sailing the 
Hydrographic Office, U. S. Navy, and tho British Admiralty have issued gnomonic 
charts covering in single sheets tho North Atlantic, South Atlantic, Pacific, North 
Pacific, South Pacific, and Indian Oceans. 

This system of mapping is now frequontly employed by the Admiralty on plans 
of harbors, polar charts, etc. Generally, howevor, the area is so small that the 
differenco in projections is hardly apparent and the charts might as well be treated 

The use and application of gnomonic charts as supplementary in laying out ocean 
sailing routes on tho 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 bo placed upon Mercator charts either by computation or by the 
use of tables, such as Lecky’s General Utility Tables. It is far easier and quicker, 
however, to derive these from tho gnomonic chart, because tho route marked out 
on it will show a t  a glance if any obstruction, as an island or danger, nocossitates a 
modified or composite come.  

. as if they were on the Mercator projection. 

WIRELEEIS DIRECTIONAL BEARINQS. 

The gnomonic projection is by its spocial properties espocially adapted to the 
plotting of positions from wireless directional bearings. 

Observed diroctions may be plotted by moans of a, protractor, or camp- 
rose, constructed at each radiocompass station. The centor of tho rose is at the radio 
station, and the truo azimuths indicated by it are tho traces on tho plane of the 
projection of tho planes of corresponding truo directions a t  the radio station. 

MATHEMATICAL THEORY OF THE GNOMONIC PROJECTION. 

A simplo dovolopment of the mathematical theory of tho projection will be 
given with sufficient completeness to enable o m  to compute tho necessary elements. 

In figure 64, lot PQP’Q’ represent tho meridian on which the point of tangency 
lies; let ACU be the trace of tho tangent plan0 with tho point of tangency at 0; and 
let tho radius of the sphere be represontod by R; l o t  tho anglo COD be denoted by 
p; then, CD =OC tan COD =R tan p .  

All points of tho sphere a t  arc distance P from Cwvill bo reprcsentod on the projec- 
tion by a circlo with radius oqual to CD, or 

p =R tan p.  

To reduce this expression to rectangular coordinates, let us suppose tho circle 
drawn on the plano of tho projection. In  figure 65, let Y Y’ represent the projection 
of the contra1 meridian and XX’ that of the great circle through C (see fig. 64) 
perpendicular to tho central meridian. 
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P' 

FIG. M.-Gnomonic projection-determination of the radial distance. 

Y 

FIG. 65.-Gnomonic projoction-dotermination of the coordinates 
on the mapping plane. 

If the angle XOF is denotad by w ,  WQ have 

x = p  cos w =R tan p cos w 

y = p  sin w =R tan p sin w ;  

R sin p cos w 
cos p 

R sin psin w .  

X =  

y- cos p 
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The expression 
just given for x and y must be oxpressod in terms of latitude and longitude, or Q 

and A, X representing, as usual, tho longitude reckoned from tho central meridian. 
In  figure 66, le t  T bo the pole, Q the conter of the projection, and let P be the 

point whose coordinates are to be determined. 

Now, suppose the plane is tangent to the sphere ‘at latitude a. 

r 

FIG. 66.--Gnomonic projection-transformation triangle on the sphere. 

The angled botweeri great circles a t  tho point of tangency aro preserved in tho 
projection so that o is tho anglo between QP nnd tho great circle perpendicular to 

or, 
TQ at Q; 

A LTQP-2-U. 

A 
Also, 

TQ =- - a. 2 

and, 
. QP=P, 

LQTP=X 

From the trigonomotry of tho sphoricnl triangle wc liave 

cos p =sin a sin p + cos a cos A cos p, 

and. 

sin p sin X 
cos $0 cos w’ 

or sin p COY o =sin X cos cp, 

sin p sin w = cos a sin cp - sin a COY A COS p. 

On tho substitution of thoso values in tho csprcssions for x and y, wo obtain 

Il sin X cos 9 
sin a sin (p + cos a cos A cos (0 ’ 
It (cos a sin 9 - sin a cos x COS Q) 

y’ sin a sin (p+cos a cos x cos (p 

as definitions of tho coordinates of tho pmjoction- 

X =  

* 
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The 1' axis is the projection of the central meridian and the X axis is thc pro- 
jection of the great circle through the point of tangency and perpendicular to the 
central meridian. 

To put 
thcm in more convenient form, wo may transform them in the following manner: 

These expressions are very unsatisfactory for computation purposes. 

R sin X cos cp 5= :.--. _ _  _.____ 

bin a (sin cp + cos cp oo t a cos X) 

Let 

then 

But 

and 

Hence 

R cos a (sin cp - cos (D tan a cos A) 
A___--. 

Y s  sin a (sin p + cos cp cot a cos X) 

cot p=cot  a cos A, 

tan y = tan a cos X, 

- R sin A cos cp 
sin a 
-- (sin cp sin 8 + cos cp cos 8) sin j3 

X =  

(sin cp cos i - cos cp sin y) 
R cos a 

cos y 
?I=  . 

s m a  - (sin cp sin 8 + cos cp cos j3: sin j3 

cos (& - 8) =sin cp sin j3 + cos v7 cos j3, 

sin (cp - y) =sin cp cos y - cos cp sin y. 

12 sin B sin X cos cp 
sin a cos (cp -8) 2= 

R cot a sin j3 sin (cp-7) 
?J= - c O S ' Y C O ~ ( ( D T j j ~ '  

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; henco the coordinates of intersection aIong a meridian are very easily 
computed. It is known, a prior;, 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 the top and the other 
near the bottom of the map. After the meridian is drawn on the projection i t  is 
sufficient to compute only the y coordinate of the other intersections. If thc map 
extends far enough to include the pole, the determination of this point will give one 
point on all of the meridians. 

?T Since for this point X = O  and cp=- 9 we get 2 

B=a, 

z=O, 
y = 12 cot a. 

If this point is plotted upon the projection and another point on each meridian 
is determined mar  the bottom of tho map, tho meridians can be drawn on the projec- 
tion. 

Y =ff, 
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If the map is entensivo onough to include the Equator, the intersoctions of the 
When straight line which roprosents it,  with tho meridians can bo oasily computed. 

Q = 0, tho oxpressions for tho coordinates bocomo 

x=R tan X sec a, 

y =  - R  tan a. 
" 

A lino parallel t o  the X nxis a t  tho distanco y = - R tan CY ropresents the Equrtor. 
Tho intorsection of tho moridian X with this lino is given by 

x = R tan X soc a. 

When' tho Equator and the pole are both on the map, the meridians may thus be 
dotormined in n very simple manner. The parallels may then be dotormined by 
computing tho y coordinato of the various intersections with those straight-line 
meridians. 

If tho point of tangency is at  the pole, a=: and tho osprossions for tho coordi- 2 
natos bocome 

x=R cot Q sin A, 

y = -- R cot Q COS X. 

I n  these oxpressions X is reckoned from tho central meridian from south to oast. 
Letting X=z+h' As usually givon, X is reckoned from the oast point to northward. 

and dropping the prime, we obtain the usual forms: 
2 

x = R cot Q COS X, 

y = R cot Q sin A. 

. Tho pmallels are repraented by concentric circlos each with tho radius 

Tho mcridians am roprwontod by tho oqutilly spacod rndii of this systom of 

If the point of. tangoncy is on tho Equator, a=O, and tho osprossions bocomo 
circlos. 

x = R t a n  A, 

y = R  tan Q sec X. 

The meridians in this case aro reprosentod by straight linos porpondicular to 
the X axis and parallel to tho Y axis. The distanco of tho meridian X from the 
origin is givon by x = R tan X. 

Any gnomonic projection is symmetrical with rospoct to  the central moridian 
or to tho Y axis, so that the computation of the projection on one side of this axis is 
sufficient for the complete construction. When the point of tangency is a t  the pole, 
or on tho Equator, tho projection is symmetrical both with rospoct to tho Y axis 
and to the X axis. It is suficiont in oithor of thoso cases to computo tho inter- 
sections for n single quadrant. 

h o t h e r  mothod for tho construction of a gnomonic chart is given in the 
Admiralty Manual of Navigation, 1915, pages 31 to 38. 

054'i8'-:~W-1(1 
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As stated concisely by Prof. Hinks, ‘‘ the problem of showing the sphere on a single 
sheet is intractable,” and i t  is not the purpose of the authors to enter this field to any 
greater extent than to present a few of the systems of projection that have a t  least 
some 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 false impressions of the relative size of countries Wering in latitude. These 
details have been fully 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. 

Wo. (i’l.-Mercator projection, from latitude GO” south,  to latitude 78” north. 

error is well illustrated in a world map on this projection where a unit of area a t  the 
Equator is represented by an area approximating infinity as we approach the polo. 
Errors of distortion imply deviation from right shape in tho graticules or network 
of meridians and parallels of the map, involving deformation of angles, curvature 
of meridians, changes of scdc, and errors-of distance, bearing, or area. 

In  the Mercator projection, however, as well as in the Lambert conformal conic 
projection, the 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 the scale of that locality, but as the 
scale vaxios with the latitude largo areas are not correctly represented. 

USEFUL FEATURES OF THE MERCATOR PROJECTION IN WORLD MAm-Granting 
that on the Morcator projection, distances and areas appear to bo distorted relatively 
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when sections of the map differing in latitude aro compared, an intelligent us0 of the 
marginal scale will determine these quantities with sufficient exactness for anj- given 
section. In many other projections tho 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. In  tho considere 
tion of the various ovils of world maps, the polar regions aro, after all ,  the best places 
to put the maximum distortion. Generally, our interests are centered between 
6 5 O  north and 55' south latitude, and i t  is in this belt that other projections prosent 
difficulties in spheriqal relations which in many instances are not readily expressed in 
analytic terms. 

Beyond these limits a circumpolar chart like the one kiid by the Hydrographic Office, U. S. 
Navy, No. 2560, may be employed. Polar charta can be drawn on the gnomonic projection, t h e  point 
of contact between plane and sphere being a t  the pole. In  practice, however, they are generally drawn, 
not 88 true gnomonic projections, but as polar equidistant projections, the meridians radiating ne 
straight linea from the pole, the parallels struck aa concentric circles from the pole, with all degrees 
of latitude of equal length a t  all parts of the chart. 

ITowever, for the general purposee of n circumpolar chart from latitude 60' to the POlO, the polar 
stereo,oraphic projection or the Lambert conformal with two standard parallels would be preferable. 
In the litter projection the 360 dcgreee of longitude would not be mapped within a circle, but on a 
sector greater than a semicircle. 

NoTE.-The Mercator projection has been employed in the construction of a hydrographic map of 
the world in 24 sheeta, publiahed,under the direction of the Prince of Monaco under the title ''Carte 
BathymCtrique da Ocbans. '' Under the proviaions of the Seventh International Geographic Congress 
held a t  Berlin in 1899, and by recommendation of the committee in charge of the charting of Bubo-eanic 
relief, aeaembled at Riesbaden in 1903, tho project of Prof. Thoulet was adopted. Thanks to the generous 
initiative of Princo Albert, the charta have obtained considerable succem, and some of the sheeta of a 
second edition have been issued with tho addition of continental relief. Tho Aheeb mmure 1 meter in 
length and GO centimeters in height. The series is constructed on 1 : l O  OOO 000 equatorial scale, ombracing 
16 sheets up to latitude 72'. Beyond this latitude, the gnomonic projection iS employed for mapping the 
polar regions in four quadranb each. 

The Mercator projection embodies all the properties of confonnality, which 
implies true shape in restricted localities, and the crossing of aU meridians and 
parallels at right angles, the same as on the globe. Tho cardinal directions, north 
and south, east and vest, always point the same way and remain parallel to the 
borders of the chart. 
property is of groat importahco. Charts having correct areas with cardinal directions 
running every possible way are undesirable. 

While other projections may contribute their portion in special properties from 
an educational standpoint, they cannot entirely displace the Mercator projection 
which has stood the test for over three and a half centuries. I t  is tho opinion of the 
authors that tho Morcator projection, not only is a fixture for nautical charts, but 
that it plays a definite part in givingus a continuous conformal mapping of tho world. 

THE STEREOGR4PHIC PROJECTION. 

For many purposos, moteorological charts, for instance, 

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 B. C.). 

The stereographic projection is one in which the eye is supposed to be placed 
at  tho surface of the sphere and in the hemisphere opposite to that which it is 
dosired to project. The exact position of the eye is at the extremity of tho diameter 
passing through the point assumed as the centor 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 aa a circle. It is a conformal'projection and the 
most familiar form in which we seo 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 globular projection, in which the Equator and central 
meridian are straight lines divided into cqual parts, and the other meridians are 

FIG. 68.--Stereographic ineiidionul projcctioii. 

circular tircs uniting thc equal divisions of tho Equator with the poles; tho parrtllels, 
except the Equator, are likewise circular arcs, dividing the extreme .unci central 
meridians into cqual parts. 

In  the globular representation, nothing is correct except the graduation of the 
outer circle, and the direction and graduation of the two diameters; distances and 
directions can neither be measured nor plottecl. It is not a projection defined for 
the preservation of special properties, for it  docs not correspond with the surface of 
tho sphoro according to any law of cartographic interost, but is simply an arbitrary 
distribution of ciirvcs conveniently constructed. 
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The two projections, stereographic and globular, are noticeably differen t when 
seen side by sidc. In  the stereographic projection the meridians intersect the 
parallels t i t  right angles, as on the globe, and the projection is better adapted to the 
plotting and measurement of all kinds of relations pertaining to the sphere than 
any other projection. I ts  use in the conformnl representation of a hemisphere is 
not fully apprccinted. 

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 scalc is constant along the wholc boundary. This, or an approxi- 

Fro. G9.-Steroopphic horizoii projection on the horizon of Pans. 

mation thereto, seems to be tho most satisfactory soliit ion tLat has bccn suggested 
in the problem of conformal mapping of a homispherc. 

The solution of various problems, including the measurement of angles, direc- 
tions, and distances on this projoction, is given in U. S. Coast and Geodctic Survcy 
Spociul Publication No, 57. The matliamntical theory of the projection, tho con- 

12 An intoresting papor on this ~irojoction apl~oarod In tho Amorican Journiil of Scienco, Vol. XI, Fobrllnry, 1001, Tilo Steroo. 

Tho applicntlon of this profoction to tho solution of sphorlcel prohloms is given In Not- on Stereoprapllic I’roJocLion, hy Prof. 

A practical use of tho stereographic projection is lllustratod in the Star Finder devised by 0. T. !ludo, hytirographic and 

graphio ProJection and its Possibilitlos from a Ornphical Standpoint, b y  S. L. I’onfleld. 

W .  W .  Hondcrlckson, U. S. N,, Annapolis, U.  S. Naval Instltute, 1805. 

gootletiu onginoor, U .  6. Coost and Ooodetic 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 SPHI3R.E. 
(See Plate V and fig. 70.) 

"he projection consists of a Lambert azimuthal hemisphere converted into a 
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 asis; but, sinco the 
parallels are curved lines, the distortion in the polar regions is less in evidence. 
The representation of the shapes of countries far east 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 it shows the world in one connected whole, makes it useful in atlases on 
physicnl 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 heavens. 

OBSERVATIONS ON ELLIPSOIDAL PRoJEmIoxs.-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 improssions are created in the popular mind eithor 
in obtaining accuracy of area at 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 Sadly distorted in the far-off quadrants of an Aitoff 
projection, but the continental masses of special interest can frequently be mappcd in 
the center where the projection is at  its best. I t  is truo 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 whero certain 
properties 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 tho latter prop- 
erty is sought, and, if we remove the restriction for shape of small areus 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 bo employed in 
m y  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 223  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. Tables for the construction of this 
projection directly from z and y coordinates follow. These coordinates were obtained 
from the Lambert meridional projection by doubling the 5's of half the longitudes, 
the $9 of half the longitudes remaining unchanged. 

~ ~~ 

1' Also wrltten, D. Aitow. A detalled account of thls projectlon Is glven In Petermanns Mlttellungen, 1882, vol. a, pp. "87.  
The prolectlon may justly be termed the Hammer-AltoR projection, slnce the rmult Is actually due to Dr. Hammer of Stuttgart. 
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TABLE FOR THE CONSTRUCTION OF AN AITOFF EQUAGAREA PROJECTION OF THE SPHERE. 

[Radius of projected sphere equals 1 decimeter. Rectangalar coordinates in declmillimeters.1 
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Thus, in the Lambert .meridional projection, the coordinates at latitude 20°, 
longitude 20°, are 

z = 0.33123 decimeter, or 331.23 decimillimeters. 
y = 0.35248 decimeter, or 352.48 decimillimeters. 

For the Aitoff projection, the coordinatos at  latitude 20°, longitudo 40°, will be 
z = 2 x 331 .23 = 662.5 decimillimeters. 
Y =  352.5 decimillimeters. 

The coordintttes for a Lambert equal-aroa meridional projection are 'given on 
page 75. 

T H E  MOLLWEIDE HOMALOGRAPHIC PROJECTION. 

This projection is also known tis Babinet's oqual-surface projection and its 
distinctive character is, as its name implies, a proportionality of areas on the sphere 
with the corresponding areas of the projection. The Equator is developed into a 
straight line and graduated equally from 0' to 180Oeither way from tho central 
meridian, which is perpendicular to it and of half the length of the representative 
line of the Equator. The ptlrallels of latitude are dl 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 tho sphere. Their distances from the Equator are determinod 
by the law of equal surfaces, and their values in the table have been tabulated 
betwoen the limits 0 a t  tho Equator and 1 for the pole. 

FIO. 71.-The hlollweido homalographic projection of the sphere. 

The meridian of 90' on oitlier sido of tho contrd meridian appears in the 
projection as a circle, and by intersection determines the length of 90' from the 
contra1 meridian on all the parallels; the other meridians are parts of olliptical 
arcs. 

Extending the projection to embrace the whole surface of the sphoro, the 
bounding line of the projection becomos an ellipse; tho area of the circle included 
by the moridians of 90' equals that of the hemisphere, and tho crescentrshaped 
areas lying outside of this circle between longitudes f 90° and f 180' are together 
equal to that of the circle; also the area of the piojoction between parallols f30° 
is cqud t o  tho samo. 
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In  the ellipse outside of the circle, the meridional lengths become exaggerated 
and idinit,ely small surfaces on the sphere snd 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 tho Equator exceeds by about 25 per cent tho length along 
the Equator. In the polar regions it does not matter so much if distortions become 
excessive in tho bounding circle beyond 80 degrees of latitude. 

The chief use of the Mollweide homalographio projoction is for geographical 
illustrations relating to area, such as the distribution and density of population or 
the extent of forests, and tho like. It thus servo5 somewhat the same purpose as 
the Aitoff projection nlready described. 

The mathematical description and theory of tho projection aro given in Lehrbucli 
der Landkartenprojoctionon by Dr. Norbert Herz, 1585, pages 161 to 165; and 
Craig (Thomas), Treatise on Projections, U. S. Coast and Geodetic Survey, 1882, 
pages 337 to 2%. 

CONSTRUCTION OF THE MOLLWEIDE HOMALOQRAPHIC PROJECTlON OF A IlEMISPHEltE. 

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 arc 
given in the third column of the tables and which may be considered as y coor- 

FIG. 72.--Tho Mollweide hornslographic projection of a hemiqhere. 

dinates, these lengths hoing in terms of the radius as unity. The points so obtained 
will be the points of intersoction of each parallel of latitude with the central meridian. 

With a compass set to the length of tho radius and passing through the upper 
and lower divisions on tho central meridian, construct a circlo, and this will represent 
the outor meridian of a hemisphere. Through the points of intersection on tho 
central meridian previously obtained, dram lines parallel to the Equator and they 
will represent the other parallols of latitude. 

a These tables .vem computed by Jules  Dourdin. 
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For tho construction of the meridians, it  is only nocwsnry to divide tho Equator 

and parallels into the nocessary number of equal parts which correspond to the 
unit of subdivision adopted for the chart. 

WORLD MAPS. 
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In tho .construntion of a projection including the entire sphere (fig. 71), we 
procood as before, excepting that the parallels are extended to tho limiting ellipse, 
and their lengths may be obtainod by doubling the lengths of tho parallels of the 
hemisphere, or by the use of tho second column of the tables under tho values for 
cos e, in which cos 0 represents the total distance out along R given parallel from 
tho central to the outer meridian of the hemisphere, or 90 degrees of longitude. In 
the projection of a sphere these distances will be doubled on oach side of tho central 
meridian, and tho Equator becomes tho major axis of an ellipse. 

Equal divisions of the parallels corresponding to the unit of subdivision adopted 
for tho chart will dotormine points of intersection of tho ollipscs representing the 
meridians. 
TABLE FOR THE CONSTRUCTION OF THE MOLLWEIDE HOMALOQRAPHIC PROJECTION. 
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TABLE FOR THE CONSTRUCTION OF THE MOLLWEIDE HOMALOQRAPIIIC PROJECTION- 
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GOODE'S HOMALOGRAPHIC PROJECTION (INTERRUPTED) FOR THE CONTINENTS AND 
0 CEAN S. 

[See Plate VI and fig. 78.1 

Through the kind permission of Prof. J. Paul Goode, Ph. D., we are able to 
include in this paper a projection of the world devised by him and copyrighted by 
the University of Chicago. It is an adaptation of the homalographic projection 
and is illustrateti by Plate VI and by figure 73, the former study showing tho world 
on the ?t,omcclograp7iic projection (interrupted) for the continents, 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 Hallo, in 1805, and is an equal- 
area representation of the entire surface of the earth within an ellipse of which the 
ratio of major axis to minor axis is 2 : 1. The first consideration is the construction of 
an equal-area hemisphere (see fig. 72) within the limits of a circle, and in this pro- 



167 

jection the radius of the chyle is taken as the square root of 2, the radius of the 
sphere being unity. The Equator and mid-meridian are straight lines at right angles 
to each other, and are diameters of the map, the parallels being projected in right 
lines parallel to the Equator, and the mcridjans in ellipses, all of which pass through 
two fixed points, tho poles. 

WORLD MAPS. 



158 U. S. COAST AND GDODETIC SURVEY. 

In  view of the above-mentioned properties, the Mollweide projection of the 
hemisphere offers advantages for studies in comparative latitudes, but shnpes become 
badly distorted when the projection is extended to the whole sphere nnd hecomes 
ellipsoidal. (See fig. 71 .) 

In  Prof. Goode's adaptation each continent is placed in the middle of n quad- 
rillage centered on u mid-meridinn in order to secure for it the best iorm. Thus 
North America is best presented in the meridim 100' west, while Eurasia is well 
taken care of in the choice of 60' east; the other continents are balanced ns follows: 
South America, 60' west; Africa, 20" enst; snd Australin, 150' east. 

Resides tho advantage of equal area, ench continent nnd ocean is thus balanced 
on its own axis of strength, cnd world relations urc, in n way, better shown than one 
may see them on n globe, since they nre all seen a t  onc. glance on n flat surface. 

In  the ocean. units a middle longitude of ench ocean is chosen for the mid-meridian 
of the lobe. Thus the North Atlantic is balanced on 30' west, nnd the South Atlantic. 
on 20' west; the Yorth Pacific on 170' west, and the South Pacific on 140' west: the 
Indian Ocean, northern lobe on 60" enst, and southern lobe 90' east. 

We have, then, in one setting the continents in true relative size, whilc in another 
setting the oceans occupy the center of interest. 

The various uses to which this map miiy be put for statistictil data, distribution 
diagrams, etc., nre quite cvident. 

Section 3 (the eastern section) of figure 73, if extended slightly in longitude and 
published separately, suggests possibilities for graphical illustrthon of long-distnnce 
sailing routes, such as New York to Ruenos Aires \ i t h  such intermediate points as 
mny be desired. While these could not servo for  nautical charts-n province that 
belongs to the Mercntor projection-they would he better in form to be looked n t  
and would be interesting from nn educational standpoint. 

As. a study in world maps on nn equal-area representation, this projection is a 
noteworthy contribution to economic geography and modern cartography. 

LABfBERT PROJECTION OF THE NORTHERN AND SOUTHERN HEMISPHERES. 

[ S C C  Plntc: v11.1 

This projectioii was suggested by Commaiider A. B. Clements of the U. S. 
Shipping Board and first constructed by the U. S. Coast and Geodetic Survoy. 
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 tho standards 
combined with the condition that the hemispheres be repeated, fixes the other 
standard parallel a t  48" 40'. 

The point of tangency of the two hemispheres can be placed at will, and tho 
repetition of the hemispheres provides ample room for continuous sailing routes 
between any two continents in either hemisphere. 

A map of the world has been prepared for the U. S. Shipping Board on this 
system, scale 1 : 20 000 000, the diameter of a hemisphere being 54 inches. By a 
gearing device the hemispheres may be rcvolvcd 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 are given on page 86. The 
scale factor is given in the last column of the tables and may bo used if greater accu- 
racy in distances is desired. In order to correct distances measured by the graphic 
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scale of the map, divide them by the scale factor. Corrections to area may be applied 
in accordanco with the footnote on page 81. With two of thc parallels 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 changc of scale, is retained, and scale €actor 
for the measurement of certain spherical relations is available. 

CONFORMAL PROJECTION OF THE SPHERE WITHIN A TWO-CUSPED EPICYCLOID. 

[See Plate VI11 and table on p. 192.1 

The shapo 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 differen t 
and present an interesting study, the polyconic projection, however, serving no 
purpose in the mapping of the entirc sphere. 

For the abovo system of conformal representation we are indebted to Dr. F. 
August and Dr. G .  Bellermann. Thc mathematical development appears in Zeit- 
schrift der Gesellschaft fur Erdkunde zu Berlin, 1874, volume 9, part 1, No. 49, 
pages 1 to 22. 

GUYOU’S DOUBLY PERIODIC PROJECTION OF THE SPHI3R.E. 

[See fig. 74.1 

In  Annales Hydrographiques, second series, volume 9, pages 16-35, Paris, 1887, 
wo have a description of an interesting projection of tlie 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, whenco the name doubly periodic. 
Tho necessary deformations are, in this projection, placed in the oceans in a more 
successful manner than in some other representations. 

The accompanying illustration shows the Eastern and Western Hemispheres 
without the duplicatum noted above. 

Two interesting projections for conformal mapping of the world should be mentioned in this 
review as having alrcady been discussed in United States Coast and Geodetic Survey Special Publi- 
cation No. 57, pages 111 to 114. Both of these are by Lagrange, one being a double circular pro- 
jection in which Paris is selected as center of lead alteration with variation as slow as possible from 
that point; the other shows the earth’s surface within a circle with the center on the Equator, the 
variations being most conspicuous in the polar rogions. [See fig. 79 and table on p. 193.1 

In the representation of moderate areas no great difficulties are encountered, 
but any attempt to map the world in one continuous sheet presents difficulties that 
are insurmountable. 

For conformal mapping of the world the Mercator projection, for many pur- 
poses, is t~ good as any, in that it gives a definite moasure 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. 

NoTE.-since the publication of the first odition, 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. 
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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 havo recently given an intellectual stimulus 
to the art and science of cartography, especially as applied to the greater problems 
which arise in tho 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 
" Sanson-Flamsteed projection." It was employed in the Mercator-Hondius atlases 
as early as 1606 for a map of South America. I n  tho following years its use was 
extended to tho 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-Flamsteed, and, later on, the sinusoidal pro- 
jection, the latter term being appropriate only from the viewpoint that  the meridians 
nro sine curvos. 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 .  Tho sinusoidal is an equal-area projection; that  is, the projection is true for 
area scalo throughout. A squaro inch on any part of the map covers tho 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, tho central) meridian of each figure. Other 
linear measurements, however, aro variable. 

3. It provides an unusually convenient base for plotting data, since tho 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 threo 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 that of tho 
atltis mentioned, due to the fact that this system adapts itself to an interrupted 
alignment as between the northorn and southorn continents. Whereas in tho atlas 
wo have three vertical groupings, in tho bureau's we have the benofit of fivo different 
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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, i t  may be suggested that inasmuch as our 
interest in world mapping is conked  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 out 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 ieh i te ly  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 i t  was employed. Mercator’s name has, however, been so clearly linked 
with 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 equakarea projection. At 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 devised by S. W. Boggs, of the Department of State, Wash- 
ington, D. C. This projection is in a sense a mathematical mean between the sinu- 
soidal and Mollweide projections. I ts  appearance a t  the poles is more 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 projection was developed 
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 example in the 
Eastern and Western Hemispheres placed tangent to each other in Comptes Rendus, 
L'Association GbodBsique Internationale, vol. 111, 191 1. This arrangement of the 
land masses 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 estensive configuration. 

AZIMUTHAL EQUIDISTANT PROJECTION. 

In  the solution of various problems for determining true distances and azimuths 
from a given point, the azimuthal equidistant projection has in recent years come 
into prominent use. This type of projection was first employed by Postel in 1581; 
afterwards by Lambert in 1772, who regarded it as a zenithal projection; then again 
in.1799 by Antonio Cagnoli, who believed that he had invented it and gave it his 
name. We shall here adopt the name Azimuthal equidistant projection because the 
straight lines radiating from the center 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. 

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 area, even one as large as the United States which has arc distances 
of 21°, the maximum error in distance is much less on this than on many other 
projections, not excepting the polyconic. 

The question often arises as to  the degree of success of a given projection and 
the percentage of error of the bprings and distances from a given point. Such a 
question is ofttimes difficult to answer and we may find it useful to test each projection 
by finding out how nearly i t  approsimates tho azimuthnl equidistant projection. 

The greatest errors in scale on this projection are found nlong the bounding 
nlmucantar or circle of greatest radial distance. Along this circle distance measure- 
ments are in excess of true distances, and on all almucantars the scale is increasingly 
too large as the distance from the center increases. 

A map on this projection is easy to construct when the center is one of the 
poles, since all that  is required is to take to the given scale n rndius equal to the 
distance along meridian from tho pole to a giwn pnrallel and construct a circle 
with the pole as center. This circle then represents the parallel. 

Whdn the center of the map is any other point, the arc distances and the azi- 
muths from the central point must be computed for the various intersections of the 
meridians and parallels. Coordinates for these intersections can then be computed 
to facilitate the construction of the projection. This is generally done on the suppo- 
sition of the earth as a sphere. The computation for the spheroid is laborious and 
would only be warranted in cases 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 earth as a sphere with a mean radius, sufficient accuracy can generally 
be attained. 

The projection is of use for maps from which it is desired to scale accurately 
the distance and azimuth from the central point to any other point, and its use in 
aeroriautics and for various other purposes is apparent. The chief difficulty lies in 
the fact that  a separate computation and map 8re required for ench central city. 



164 U. S. COAST A N D  GEODETIC SURVEY. 

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 crystalloptics 
by the Carnegie Geophysical Laboratory, by the National Geographic Society for 
maps of the Arctic Regions, North America, Asia, and Africa, 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 a t  Schenectady, N. Y., and is used 
by permission of the 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 menns 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 mnp 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 lnnd or water. 

TRUE GREAT CIRCLE DISTANCES FROM TWO POINTS. 

A projection can 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 maintained but  the 
distances will not then be true to scale. 

Possibilities of the extensive use of tho gyroscopic compass and tho employment 
of radio signals in the fixing of positions by wireless directional bearings present 
new problems in the navigation of ships and aircraft. Tho various uses and tests 
to which nautical and aerial charts are subjected may still further try the patience 
of tho mathematical cartographer in devising more suitable systems of projection, 
or in supplying short-cu t mathematical or automatic expedien ts as convenient ad- 
juncts to the Mercator chart. Additional special charts on the gnomonic projection or 
the azimuthal equidistant projection may servo a useful purposo in tho solution of tho 
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 ” projcctions, 
projections sacrificing conformnlity, equal-area, and other uscful 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 lntitudes and longitudes, 
in place of tho sexagesimal system of usual practice. In this the French have taken 
the lead as they did in the introduction of thc metric systcm, thc commensurable 
advantages of which are universally recognized. 



T H E  PARABOLIC EQUAL-AREA PROJECTION FOR A MAP FOR T H E  WORLD. 

[See Plate IX. ] 

In the Geographical Journal for November, 1929, Lieut. Col. J. E. E. Craster 
suggested the possibility of the c,onstruction 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 parnboljc equal-aren projection. 

M ETH EM AT1 CAL THEORY. 

Let us tulrc the origin of coordinntes at the vertex of the pnrabola and let us 

represent the outer meridian by equation y2 = .! nix. Then i f  we represent the central 

meridian by the straight line z=2m, the meridian from pole to pole will equal 2m, 
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 havo the equation yz = 3 2. With this simplification one- 

quarter of tho area of the sphere to be mapped will be represen tcd by the area betweon 
the axis of 2 and the curve from z = 0 to z = 2. 

One-half of the area of the zone between the Equator nnd any given parallel will 
be represented on the map by the integral 

3 

1 

Jo 
or 

(2 - 2y2)dy. f. 
The value of this integral in terms of y is, of course, 

Since, when y is equal to 1, this map a.rm must equal onc-fourth of the area of tho 
given sphere or rR2, we must have the equality 

4 TR2=3 

Hence 
R=0.651470. 

Now the area of a zone on the sphere from the Equator to latitude #I is known to be 
Then the half of this zone must be represented by the expression 

Henco the equation for the determination of 
equal to 2rRZ sin 4. 
for A in terms of y as derived above. 
the values of y for the various parallels is given by the solution of the equation 

a 
3 

2 y - - - y D = r R 2  sin cp. 
165 
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4 But we have already derived the value of sR2 and found it equal to -. 3 
the equation in y becomes 

Now it happens that this equation is satisfied by the vnlue 1~ = 2 sin !! 3' 

With this value 

~ ~ - 3 ~ 1 - 2  sin 4 = 0 .  

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 
4 Since, however, y = 2  sin 8 ,  can now be computed from the formula L=2-2y2.  - 

we can use the trigonometric table again by introducing this value of y and transform- 
ing the result. 

L=2(1-4  sin $1, 

24 
3 =2(2 cos --- l ) ,  

24 
3 =4 cos - -2 .  

By use of this formula a table for the lengths of the parallels has been computed to 
six places of decimals and is published a t  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 as the 
sinusoidal projection which is noted for its facility of construction. 

As far bs 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 elemonts 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 from coordinates com- 
puted from its equation in x 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 representstive of the Bureau of Foreign and Domestic Com- 
merce of this department, consulted with Mr. Deetx 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 n study for such a map with this projection ns basis, and Mr. Deetz compiled 
and constructed the map as shown in Hate IX. 

It was decided to construct the map symmetrically in three sections by making 
the central section include an extent of longitado 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 tho 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 well 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 mdres it possible to place the Americas 
in the central section in such a way as to take advantage of the most favorable part of 
thc 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 computation of the necessary tables. Thhe  tables could be 
used for the construction of a map on any required 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 
tho fourth place of decimals. This could be detected by a careful differencing of his 
table in tho above-cited number of the Gebgraphical Journal. 

These differences are not great enough to be detected in a small-scale map but 
thoy 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 

cvon to many decimal places. Much credit should be given to Colonel Craster for his 
suggestion of the possibility of computing an equal-arou projection of this kind that 
may be seen to have so many admirable qualities. 

Equal-area maps are especially valuable for illustrating statistical data, either in 
regard to physical features of the countries or in regard to commercial development. 
Tho 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 ono 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 equnl to 1 pilrt in 50 000 000 squarod of tho area of the earth. In  
figures this means that any section of the iiinp is 1 part in 2.5 x 10 l6 of tho area of tho 

4 
3 
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earth's surface that it represents . This exact surface relation may bo 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 linear scale, however, will 
obviously be variant but dong the Equator i t  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 loL5. or 10 with 15 additional ciphers after it . 
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From experience in meeting a frequent deninnd for a brief outline on the subject 

of map projections in general use, it is thought thnt a rBsum6 of those systems which 
nre of special interest in problems of the present day rnay scrve n useful purpose. 

While the statements made here liave been talien lnrgely from tho preceding 
chapters of this book and are repetitions to a certain extcnt, i t  is intended to bring 
out more clearly the special uses and comparisons of the scveral systems and to note 
the more recent observations and studies. 

Under tlie subject, “Thoughts on Map Construction’’ by Francis Bacon, we 
find the following pertinent passage: “All depends on lteepirig the eye steadily fixed 
upon tlie fncts of nature, arid so receiving their imugos simply ns tliep arc; for God 
forbid tlirit we should give out n dream of our own imnginution for a pattern of the 
world.’’ 

As a spheroidal surface can not be spread out upon a plane without distortion, 
any representation of an extensive part of the earth’s surfnce must necessarily involve 
n certain nrrioun t of approxiinntion or compensation systematically accomplished, 
or i t  must be restricted to the desired special property that will meet a problem under 
consideration. A globe is, of coursc, the only possible method of truly representing 
tho earth’s surfnce, and on it tho 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. Nevortheless in many instances it is impracticable. 
By use of tlic developable surface of a cone or cylinder ns nn intermediato step in the 
construction of a projection, and with the use of mathemntical analysis i t  is possible 
to design a niap 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 arrangement of tho two sets of lines or curves 
that constitute the framework of a map, one set to represent parallels and the other 
sot to represent meridians. By menns of these two sets of basic lines, plnces on the 
earth’s surface can be locnted by latitude nnd longitude, that  is, they can be assigned 
n definite position corresponding to the network of parallels and meridians that are 
conceived as covering tlie surfnce of the earth. This orderly arrangement or sequence 
rnay come from direct geometric projection or it may be expressed in mathematical 
terms, Of course, nll projections can be stated in mathematical terms, but sometimes 
a projection is more in evidence when considered as n truo goometric projection or 
development. It is rather unfortunate that all possible schemes are called projec- 
tions, for in sonic cases it is rather difficult to interpret them in the way of gcometric 
pro jec tions. 

The errors wliich arise in maps are those of distortion which implies doviation 
from right shape in the meridians and parallels, involving curvature in these reference 
lines; deformation of angles; changes of scale and errors of distances, errors of bearings, 
nnd errors of area. 

PROPERTIES OF PROJECTIONS. 

The principal properties that  govern an orderly arrangement of meridians and 

1. The c0rrec.t 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 orientntion whatever 
on any ot;her part of the map will cover the same amount of area of the countrg 
represen ted. 

Other potential properties of projections are: 
1. The representation of the rhuirib line as a straight line, as in the Mercator 

projection. 
2. The representation of the great, circle as a straight Line as in the gnomonic 

projection. 
3. The representation of true azimuths nnd 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, 
sterkographic, 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 i t  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 the 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- 
pa rch~s  (m. B. 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 and the one person who gave us 
the first solution for the development of the earth’s surface upon a plane. 

THE MERCATOR PROJECTION. 

Gerhard Kramer, better known by his Latin surname Mercntor, 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 known map 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 a~ a violent departure and improvement over methods existing before 
his time. In  contemporary judgment he was styled m, “In cosmographia longe 
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primus,” which translated means: I n  cosmography by far  the jirst. 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. 

It has frequently been stated in treatises on geography and elsewhere that the 
Mercator projection is a projection upon a cylinder tangent at  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 i t  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 6 ;  hence by the calculus, 

In the Mercator the lengths of all arcs of the parallels are kept equal and the 
same as on the equator; hence the scale along the parallels is sec 4 of the respective 
parallels; and since the scale is constant at a point, the scale along the meridian a t  
the point is also equal to the secant of the latitude of the point, and not sec2 4 as in 
the perspective 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. I t  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 fornlula. 

MERITS AND OTHER OBSERVATIONS ON THE MERCATOR PROJECTION. 

The loxodrome or rhumb is n lino that crosses the successiro meridians nt a con- 
stant angle. A ship “sailing a rhumb” is, therefore, on one coume continually follow- 
ing the rhumb lino and will, theoretically a t  least, pass nll  points along that line 
exactly as they are charted. The only projection on which such n line is ropresented 
as a strnight line is the Mercator. On other projections n navigator, assuming a 
straight line as his course, will not track the line bocause he is consciously or uncon- 
sciously sailing a rhumb. 

The simplicity of the projection commends itself--north nnd south are up and 
down, and a course can be laid off from starting point or from nny nioridinn along tho 
line, or even from the right or left border except in oblique charts. 

Positions are more readily plotted because the grids nre rectangular, and n 
straightedge can be placed across the chart between corresponding border divisions. 
This cnn not be done with nny other projection in common use. The border scnles 
of the Mercator chart can be subdivided as minutely as desirable, leaving the chart 
free from further subdivisions which are frequently necessary where ono 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 off courses. In the former system 
i t  ie custoniary 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 course. 
Tho two methods are equally good, but they do not bogin the a m e  way. 
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The Mercator projection is not intended for geographic studies but ns n convenient 
working bnse for the navigator to determine his courses. For navigational puq~oscs, 
particularly ocean navigation as contrasted with coastwise navigation, i t  has stood 
the test and acquired the niomentum of success. 

I n  addition to its value for nauticd charts, i t  is useful for showing continuous 
commercial routes around the world, for communication clinrts, and for pilot charts 
supplying information as to winds and currents. For the lust mentioned purpose 
especially, it is important thnt the cardinal directions, JlOrth und south, east nnd 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 i t  can a t  least be said, cven for geographic purposes, that the hlercator 
projection is free from discontinuities nnd breach of orderly twrangement as secn in 
the framework of some world maps. 

Tliere 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, i t  becomes necessary to 
convert true bearings to niercatorial benrings. This must be accomplished by the 
use of conversion tables such as are given in our Coast Pilots. 

The hlercator projection with scale contiEually 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 i t  
plnces “Alaska too far north.” This observation after all is not so far-fetched when 
we consider that a t  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 wus not intended to be used as such by the inventor. I n  the niap- 
ping of political divisions and continents, he held to cqual-area representation of his 
own or’ his contemporaries. 

Let’nonc dare to  attribute the shurrie 
Of iniause of projectioiis to  Mercator’s namc; 
But smother quite, arid let infnniy 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 inost recent and best tnbles for the construction of u. Mcrcator projection 
the Greek mythology and introduced by hlercator as n geogruphic term. 

are issued by the lnternational Hydrographic Bureau a t  Monaco, 1928. 

THE GNOMONIC PROJECTION. 

I n  this projection the eye of the spectator is supposed to be situatod u t  the center 
of the tcrrcstrial sphere, whence, being in the plune of every great circle, i t  will see 
these circles projected as straight lines upon n plane tangent a t  a selected central 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 enrtli’s surfnce between tlieni. 

Tlie 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 and 
longitude. Tlie great circle tlius transferred becomes a curved line on the hliercator 
projection, where it inuy be resolved into convenient sailing chords so thut the port 
bound for may be reached by the shortest practicable routo. 
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Between a great circle and a rhumb line, the actual diflerence in distance is fre- 
quently immaterial, being but one-fourth mile in 500 statute miles along parallel 40' 
and diminishing to zcro along the meridian. For greater lengths the difference 
incrcascs very rnpidly. 

The gnomonic projection requires a considerable amount of computation, is diffi- 
cult to construct, bnd the scale of distances is complicated. Its chief fault is that 
locnlities near the boundary of the map become greatly distorted in distnnces, areas, 
and shapes. This is becnuse near 90' from the center of the map the projecting line 
approaches parallelism to tlie plane of projection and its interscction recedes to infinity. 
The urea which cnn be mapped on this projection is less than a hemisphere. 

A gnomonic cliart will serve as a general control map for many purposes and for 
oflice use cspecially. It is useful in the study of nir routes and in the ready solution 
of problems involving the definite locution of the mininium line between two points 
on the earth's surface. In  otlicr projections tlie locnlitios thr.ough which a great circle 
pnsses nre n matter of approximation or conjecture. At the present tinic, escepting 
for n m u l l  number of harbor charts by tlie British Admirnlty, i t  lins hardly been 
niorc than an ausiliary to the Mercntor chnrt. 

However, tlie laying down of a true azimuth froin n given rndio station is nnotlier 
problem. On account of angular distortion in a gnomonic projection, a specially com- 
puted compass rose a t  any given stntion (except a t  the point of tnngency) is necessary 
in order to obtain a true bearing from tlie station. The problem may be simplified 
either by including on the chart, compass roses computed for important stations or 
by supplying for the stations on any pnrticrilar chart tlie gnomonic azimuth tables 
such as are given in Special Publicntion No. 75, U. S. Coast and Geodetic Survey. 

A base map of the TJnited States on a gnomonic projection is now being con- 
structed by tlie U. s. Coast and Geodetic Survey. The point of tnngency is placed 
a t  latitude 40' and the center of longitude a t  96'. On this projection, the meridians 
being grent circles, arc represented by straight lines. The parallels are conic sections 
being ellipses nbove latitude 50' and hyperbolas below-lntitride 50°, tlie conic section 
changing from ellipse to liyperbola by pnssing through the paraboln n t  latitude soo. 

' 

THE POLYCONIC PROJECTION. 

The polyconic projection posscsscs great popularity on iiccoun t of liicclinnicnl 
ease of construction and tlie fact tlint a general table for its iise lias been cnlciilated. 

In  this system tlie reference lines, csccpting the equntor nnd centrnl meridian, are 
curved, thc parallels being nonconcentric circles. The central meridinn is truly spaced 
and the even divisions of the parallels arekrue to scale. The lengths of the arcs of 
latitude incrense as we recede froni tlie central meridinn, but in the United States, 
for a longitudinal extent within 560 statute miles on eitlier sidc of n centrnl meridian, 
the error in scale arid nrcas does not exceed 1 per cent. h i  lntitiide, the projection ~ ( 1 1 1  

be carried as for as may be desired. The use of tlie projection for extensive nrens 
should thus be restricted to mnps of wide lntitudes nnd narrow longitudes. 

Within the limits described tlie projection attains nn nccur~lcy that mcets all 
general purposes by reason of compromising various conditions impossible to be repre- 
sentod on any 0110 ~ n n p  or chnrt, nnd is suficioiitly closo to other types posscssiiig 
special properties to determine its choice in many instunces. 

Due to tlie curvature of its outer meridians, adjoining mnps constructed on their 
own central meridians, will present curvature in opposite directions, enst and wost, 
thus interfering with n. neat junction when the projection is curried too far. , 
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For a map of the United States with its wide longitudinal extent, the Alben and 
Lambert’ conformal projections are better suited, either of them offering certain addi- 
tional or special properties of their own which are only approximated 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 tho 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- 
strriction 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. Figure 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  thoir 
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 tho  pol^, 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 conformality; in the latter they depend upon the 
condition of equ al-area . 

Definition of coaformality: If at  any point the scalo along tho meridian and tho 
parallel is the same (not necessarily correct, but thc same in both directions) and the 
meridians and parallels me at light nnglcs to ona another, then the shapes of all 
elementary figures on thc mnp aro the same as their corresponding arcas upon the 
earth. 

In the Lambert projection tho scale is too small between the standard parallels 
and too large beyond them; in the Nbers projection tho meridionul scale between the 
standard parallels is too large and the scale along the parallels correspondingly too 
small, the reverse condition existing beyond the standard parallels. 

The Lambert projection wu6 used in France for military maps during the World 
War. Our map No. 3070 (see Plate I, reduced scale), North Atlantic Ocean with 
Eastern North America and Europe, is constructcd on this projection, having been 
prepared for the Army War College and also used by tho Shipping Board during the 
World War. 



FIG. 77 - THE NORTH PACIFIC REGIONS ON THE MERCATOR AND THE TRANSVERSE POLYCONIC PROJECTIONS 

The rapidly Increasing scale of the Merator Projection. amounting to 100 per cent in latitude 
60" apparently "puts Alaska too far north." In contrast the transverb 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 n 
polyconic projection for the same limits, the maximum scale error would be 100 per 
cent; on a Mercator projection tho scale variations would be about 180 per cent. On 
our Lambert mnp, 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 
con t only. 

MERITS OF THE LAMBERT PROJECTION. 

In a map of the United States with standard pnrallels at  33' and 45' 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 tho 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, should be based upon the local or middle latitude scale as given for 
different latitudes. This operation will assist in bringing the excess or rediiced scale 
of nny State still closer to true scale. 

For the mensurement of distances in all directions within the United States, the 
Lambert projection is superior to any otlier excepting possibly the 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 it aro due 
to errors of compilation, method of printing, shrinkage or expansion of paper in opposite 
directions. 

In errors of azimuth as compared with the polyconic, Lnmhert zenithal, 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 tables. 

We find in projections like tho polyconic, the Bonne, and the Mercator that, nftor 
proceeding about 25 degrees from one of the axes, the scale errors or scale variations 
become so increasingly groater t.hnt these projections totter and can no longer be uti- 
lized for geographic purposes. The Mercntor projection is at its best from, say, 15' 
north latitude to 15' south latitude, and for the rhumb line proporty alone, it may be 
carried to higher latitudes. The United States is, then, beyond the zone of usefulness 
of the Mercator projection except for the property of the rhumb line, but the rhumb 
is retained at the expense of the great circle, directions, and scale. 

For a line from New York to San Francisco, we find the great circle passing 
through 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. I t  is 
evident, in these higher latitudes especially, that the Mercator chart may require 
an auxiliary chart or special computations for meridional crossings of the groat circle. 
In  many instances it may necessitate the conversion of true bearirigs to morcatorial 
bearings. 

If radio signals following the great circle can be utilized on tho Lambort projec- 
tion, it might seem that the Lambert projection and the gnomonic projection are 
idontical. They are not identical, but numerous tests show that on the Lambert 
projection of the United States, by reason of conditions imposed by its standard 
parallels of true scale, a 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 BAN FRANCISCO 
[New York (1st 40' 45', long. 73' 69'); 8nn Frnncisco (lnt. 37O 47', long. ln0 2531 

Statute miles 
True distance 38 New York t o  San Francisco, by long distance formula- _ _ _ _  ._ ._ __. -. . . _ _  2, 572. 3 
Approximate distance obtained from C. & G. Survey Chart No. 3060 (Lambert projcc- 

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 thc true distance __.._._______________________________ 37. 0 
Distance of straight line (New York t o  San 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 Mcrcator projection (also the nctiial 

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 49O, show the small amount that a plane would 
depart from charted features under similar conditions. This particular chart was 
chosen as showing the most unfavorable conditions in both the Lambert and Merciitor 
projections: 
111 100 statute  miles (Lambert projection) the departure is only % mile. 
In 200 statute  milea (Lambert projection) the  departure is only 1% miles. 

As tlie 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. I n  practice, however, when 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. 48', 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 magnctic 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 a line 200 miles long, in the same 
locality and direction, the Lambert projection straight line departs from the great 
circle one-third statute mile-an error quite negligible. In  contrast, on the Mercator 
projection, unless the conversion from true to inercutorial bearing is applied, the error 
is 5.6 miles. A t  300 miles this hxomcs 12.6 miles, and a t  much greater distances, 
unless conversions are tipplied, these errors of the Mercator become excessive. 

The use of conversion tablcs is thus necessary ut times to determine the plus or 
minus corrections to  directional beurings on tlic Mercator chart, and the utility of the 
latter projection is lessened comparatively by the self-contained safety properties 
embodied in the Lambert projection. 

All indications point to an increase in use of radio ranges to guide planes. While in 
general, up to this time, the distances used have been short, there have been cases, as 
in that of the Norge in its flight across the North Pole, where radio bearings have been 
taken to stations hundreds of miles distant. 

A report from the North German Lloyd stcamship Bremen indicates the great 
distances over which radiobeacons are sometimcs heard under unusual conditions, 

36 The flnal test of measured distances from any map or chart depends upon the system ofprojoction, the nccuracy of compilation, 
method of printing, etc. It xnny be ndvisnble in many instnncas where longer distnnoos nre involved not to use the mnp or chnrt, nor 
even tho solution from a spherlcal trlnngle. For example, the dlstance from New York to San Franclsw by solvlng the spherical 
triangle, using sphere equivalent in men to spherold, is 2,wO stntute miles-or 0 milos lesv than the nctual distnnce. For the computa- 
tion of long distances, SBO Special Publication No. 138, pp. 207-208. Still granter refinement may be obtnlned by use of formules 
In Gpecial Publlcetlon No. 100. 
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The Bremen when in latitude 42’ 28’ and longitude 58’ 11’) 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. 

I n  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 appreciable advantage, replace Mercator’s projec- 
tion as a basis for nautical cliarts.” 

THE LAMBERT OR THE MERCATOR FOR AERONAUTICAL MAPS. 

The question arises in aerial maps whether we prefer a projection like the Mer- 
cator wllich has a certain special property and conveniences and wliich will permit, if 
necessary, the incorporation of navigational fundamen tals 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 projection which will facilitate 
tlie 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 a t  its northern 
border, necessitating adjustments to these increments when making compilations) ; 
a projection which, in addition, will serve for engineering, tactical or other wider uses. 

Considering the predominating east-und-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 but 2% per cent, while tlie wide central 
section between latitude 30%’ and 47%’ is favored with a scale variation within 
one-half of 1 per cent. Direction and disttinces, the fundamentals of navigation, 
must be accurate beyond question, for together thoy give position, while accurate 
shape and uniform scale facilitate identification. 

The better facilities a t  this day for determining location and direction, as 
furnished by radiobeacons, lights, prominent objects, terrain, etc., bring aerial 
navigational methods in the United States more and more into the plane of pilotage 
than they are over the open oceans whore landmnrlrs are seldom available and the 
problom is largely one of celestial navigation. The Lambert’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 dcstiiied to assume 
a dominating place. 

Aeronautical maps witllin the United States present a problern distinctly of their 
own. For these maps, tho sufficiently close approximation to tlie great circle as 
supplied by the Lambert projection, together with pilotage, outweigh the rhumb 
line. It may be well to remember that tlio Lambert projection is ba?sed upon two 
standard parallols of true scale witllin our own domain. I t  is not based upon a distant 
equatorial line cniising increasing scale rariations, etc., as previously statod. 

I n  this summation we have endeavored to present the salient features of the 
Mercator and Lambert projections, and in this find analysis, the object has hecn 
to &ow in a few sentences tho chnngcd conditions from the days of the Portolan 
charts to the day of the Lambert projection, conditions as new as tllc airplane itself. 

DS4’iHD---:IR-12 
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It is desirable to add as a further observntion 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. M'hen the tangent cone of the Lambert 
projection becomes a tangent plane a t  the pole, we have a projection of the spheroid 
that mergos into the stereographic projection; and when the parallel of tangency 
approaches the equator, the Lambert projection of the spheroid merges into tho 
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. 

In  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' and 
4 5 O  30', the greatest scale error is but 15: per cent. It may 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 
tho United States, the scale variation,would indicate an excess in areas of as much as 
5 per cent along the southorn border. If the Albers projection were used for the sepa- 
rate States, a better area represontation would have been obtained but a t  the oxpense 
of confoimality which is a desirable property in engineering projects. We must 
remember that in conformal maps, conditions at  any 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 requirernonts. 
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 minimum 
scale error and equal-area representation govern. 

The Albere 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 longth scale, 
equally inclined to the meridian and approximately at  right angles to each other. 
These curves of true scale are termed isoperimetric curves running a t  oblique direc- 
tions through the mnp. It is believed that these curves are sufficiently flat to 
indicate directions of true scale in such a way that straight lines which lie approxi- 
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 
sys terns. 
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In  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 b i t s ,  the difference a t  tho corners of the two maps 
amounts to one-seventh inch only. This and othor 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 circlesin their true azimuths fromit, and the distances 
along these linos are true to scale. The projection is neither equal-area nor conformal, 
and further description is given on pages 163-104. In  addition to its use as noted 
on the foregoing pages, two charts havo been issued on this projection by the Hydro- 
graphic Office, U. S. N., one of these with the center a t  Washington and anothor 
with its center a t  San Francisco. Any important city can well afford to have R 

map constructed on this projection for general use. 
I t  is doubtful, however, whether for geographic purposes this projection should 

be used for continents, as its center in most instances woulcl be a point of no carto- 
graphic interest, and the true scaling properties from such a point would be obtained 
at the expense of greater scale errors in other parts of the map. The Lambert 
azimuthal equal-area is, for ,goographic purposes, more desirable in having besides 
its special property a lesser maximuni scale error than the equidistant projection. 

ERRORS OF DISTANCE MEASUREMENTS. 

The question frequently arises as to the best projoction 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 some extent the errors due to scalo 
variations in the several projections that aro in use at  tho prosorit day. In  this 
analysis no account is taken of papor distortion, process errors in reproduction, or 
orrors due to an assumed position of a city center. 

It has already been stated in this publication that it is impossiblo to scalo true 
distnnces from more than ono or two points. The azimuthal equidistant projection 
has been employod for such purposes when one point only has boen 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 approximntion in distances can be obtained; and each projection has its 
merits and defects according to the relative geographic position of the points involved. 
Resultant errors aro occasionally so great as to malm long distance errors inadmissible 
unless corrections are applied. 

THE POLYCONIC PROJECTION. 

Due to the increasing divergence in its parallels, measured meridional distances 
along the eastern and western coasts of the United States may be too great by as much 
as 7 per cent. Along a line from San Francisco to Seattle the scaling error due to 
projection alone is about 4jk per cent and the measured distance between these two 
cities is 29 milos greater than the true distance. Even at New Yorlr there is a 
meridional excess error of 4% per cont. In  the coastal belts the errors are inadmis- 
siblo. However, directions that are closely east-and-west in the United States pro- 
vide distancos within reasonable accuracy and are generally better than those 
obtained from either the Lambert or the Albers projection. 
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Errors in the meridional scale may be very closely expressed in percentnge by 

2 in which I" = distance of point from central meridian the formula: E= + 
expressed in degrees of longitude, and 4 = latitude. 

corrected or approximated on the polyconic projection. 

(" E ">" 
By the use of the above formula, long meridional or diagonal distances may be 

THE LAMBERT CONFORMAL CONC PROJECTION wIm TWO STANDARD PARALLELS. 

By reason of the adnptability of this projection to the configuration of tlie 
United States, and the iise of two standnrd parallels of true scale, the errors in general 
scaling properties are minimized. Howevcr, due to the placement of the standard 
parallels a t  3 3 O  and 45' in the map of the United States referred to, a line from 
New Yorlr to San Francisco, midway between tlie 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 
mcasurernents, except those including soutliern Florida nnd southern Texas, generully 
do not indicate serious errors. 

The use of tlie table of relative scale factors along tlie pnrallels ns given in tlio 
following table, will provide a correction to measured distances wlicre greater precision 
is desired. I t  should be observed, however, that tlie values givcn in the table should 
be used as a divisor in order to obtain thc corrected measurements. 

RELATIVE SCALE FACTORS ALONG THE PARALLELS FOR THE LAMBERT CONFORMAL 
CONIC PROJECTION FOR A MAP OF THE UNITED STATES. 
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The scale of this projection reniuins constant along encli ptirallel but varies 
along the meridian. At any given point, however, the scale is the sumo in all direc- 
tions. Corrections to measured distances along the meridian depend upon scale 
factors corresponding to the diflerent latitudes and can be taken from the same table. 

THE ALBERS EQUAL-.4REA PROJECTION WITH TWO ,STANDARD PARALLELS. 

A wider separation of the standard parallels in n mnp of the United States on 
an Albers projection as cornpared 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 are placed a t  33' 
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and 4 5 O ,  and in the Albers projection the standards are placed a t  29%’ and 4514’. 
Approximately east-and-west moasuremonts between the standards on an Albers 
projection may be too short by nearly 1 per cent, and a line from New York to San 
Francisco indicates a sliortage 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 tho Albers projection on the other hnnd are superior 
t.o the Lambcrt in the southern portion of the United States. Other lines of true 
scalo nppenr in the Albers projection not to be found in either of tho systonis already 
considered, These are the families of curves running northea.sterly or northwesterly, 
or t,heir opposites, through the map, in such a way that strniglit lines neat tho pntli 
of these curves are practically true to scale. (Soe clinpter, “Merits of the Albers 
equal-area projection. ”) 
. Regardless of the liberality of triio scnle in the Albors projection, its chief fault is 

in tlie measurement of oast-and-west distances between the standard parallels. How- 
ever, corrections can be made to measurod distances by the use of scalo factors given in 
the following tn.ble. The factors should bo’used ns a divisor to measured distances. 
RELATIVE SC.4LE FACTORS FOR T H E  A L B E R S  PROJECTION FOR A MAP O F  T H E  U N I T E D  

STATES.  
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THE MERCATOR PROJECTION.  

On account of the incremont in scale in n map of tlie United States, reaching 
approxinint,ely 40 per cent a t  the northern limit, the use of scale-units derived from 
the vertical 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 taken 
with sufficient frequency when different latitudos are involved in a given line. 

The scale increments in n Mercator projection must not be considered as nn 
error of the system of projection. These increments are entirely duo to i n  orderly 
change of scale, and if n diagrammntic scale is cmployed as stated, distance measure- 
iiicnts will be available excopt in the higher latitudes of charts where the granter 
changes in scale may render distance measuremonts difficult. 

I n  tlie measurement of long hies  on a Mercator chart it will be necessary to 
computo, or transfer t h o  npev (or several points) of n greiit circle from n gnomonic 
chart, and to measure along the lmth of the grent circlo instend of the rhumb line, 
the measuring unit changing with the latitude. 

From tllis summary it is evident that  in the problem of measuring long dis- 
tancos between any two points witlun the United States, nny given projection has 
definite limitations. However, by the use of scale factors in portions of the map 
where scale vnriations are considerable, tho errors due to tho system of projection 
itself may be very mudl roduced. 
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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: 

The 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 n0rt.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. 

In  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. I t  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 arrangement, i. e., essentially different from 
the picture on a globe, are 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 a t  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 it may servo. 

For equal-area world mapping in hemispheres, the following plates on the 
Lambert meridional equal-area projection are of a high order of excellence: 

Atlante Internasionale del Touring Club Italiano, Milano, 1929, Plates 1, 2, and 3, d h n -  

Nordisk Varldsatlw, Plates 1, 2, 3, and 4, 14 inches by 16 inches, showing more than hemi- 

’ 

eter of hemispheres, 15% in. 

spheres in castand-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 the polar 
regions. The arrangement is well adapted to show the earthquake belts with tho 
fewest possible breaks in their continuity. 

Two projectlorn of the sphere that are found In some atlases, 88 KlVhg a fair representrctlon of the world, are the Van der 
Orinten projectloo and Gall’s projection. These two prolectlooa are neither conformal nor equal-area and may be olassed 88 h e r -  
medintea havlng no properties of definite EClentlfiC Value. They PrWnt a fair uniformity in the eonflguration of the world, avold- 
log the excanslve a l e  increment3 of the Mercntor In the higher latltudes and lessening the dlstortlons of equal-area projectlow. 
Their utlllty nevertheless ls pictor181 and their prnctlcal importanm is llmlled. 

RECENT CONTRIBUTIONS TO AERONAUTICAL MAPS. 

The development of great circle navigation ag 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 Kahn. Strip maps which cover some of the 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 tables necessary other 
than those contained in the nautical almanac. The development of the circle of 
contact which represents the theoretical route is used as axis of the chart, and the map 
is useful for 15 degrees on either side of this axis to the extent that the ordinary 
MercaJor projection is without criticism or need of an auxiliary chart or tables from 
15' north latitude to 15' south latitude. In  this transverse system of projection 
both meridians and parallels become curved lines, but due to the factthatthecharts 
are ordinarily so limited in their width, the curvature of the meridians ia 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 at the expense of ths 
rhumb line and the old method of laying off courses from the initial meridians. 

In the useful and timely textbook on projections by Driencourt and Laborde, 
4 volumes, Paris, 1932, we find a number'of solutions of the problem of world flights, 
and the following is of special interest: 

Employment of Mercator projection from 1st. 16' N .  to lat. 15" S, 
Employment of Lambert projection from ]at. 10' to lat. 40°, 
Employment of Lambert projection from lat. 30" to lat. 60°, 
Employment of Lambert projection from lat. 50' to lat. 80°, 

concluding with charts of the polar regions on the stereographic projection with 
15 degree radius. 

It is seen from the above arrangement that the third chart of the series corre- 
sponds to Const and Geodetic Survey Chart No. 3070, covering a part of the North 
Atlantic Ocean with Eastern North America and Europe, scale 1 : 10,000,000. 

The arrangment, in toto, offers an instrument for general navigation with 
overlaps (or recoveries) of 5 degrees to 10 degrees, and is well suited to aerial traf€ic 
which has its greatest dovelopment in an east-and-west direction, These overlaps 
serve as convenient liaisons for routes where origiq or destination are beyond ths 
limits of any one chart. 

It is believed that in the part of the globe which is most frequently navigated, 
the several conformal systems of projection above mentioned, are in their latitudinal 
extent sufficiently limited so that radio bearings may generally be utilized directly 
without correction. It is not the processof such corrections aa much as the pos- 
sibility of applying them erroneously and in the wrong direction, that calls for 
methods malcing the benefits of great-circle navigation more readily available. 

Considerable study is given a t  the present day to the subject of radiogoniometry 
for the purpose of devising simpler methods and instruments for plotting direc- 
tional bearings' and great-circle routes more readily. In this conception of the 
problem, the need of simple and rapid methods is greatest in charts of large geo- 
graphic extent COVOr ing  h g  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 surveys. Each system is referred to one 
origin and extended over the whole aroa of the original projection so that every point 
on the map is coordinated both with respect to its positlion in a given square as well 
as to its position in latitude and longitude. 

The trigonometric computations and refinements of a geodetic survey wliich 
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 he furnished and readily applied so as to bring the computations practically 
w i t h  geodetic accuracy. 

With local surveys fitted into such a rectangular control, they can scrve as a 
basis for further work in the same region, and will be coordinated with the work in 
any other region of the State. The triangulation stations are furnished for latitude 
and longitude by the Coast and Geodetic Survey, and in most cases now have nn 
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 surpey proceeds. Discrepancies can be distributed throughout the traverse and 
the survey coordinated with the general control. I t  is evident that such a system 
adapts itself to the quick computation of dista.nces between two points whoso rec- 
tangular coordinates are given, as well as the determination of an azimuth of a 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 Caroliua, 
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 iMercator 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 ineridian so as to 
provide for exact scale along two circles formed by planes parallel to the plane of the 
central meridian. Tho process is similar to what we should have 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 shape, two or more 

(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 n single system. 

The quadrillage 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 Statos. 

Successfully employed in this country in small units by the Corps of Engineers, 
United States Army, thc 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 the.subject of plane coordinates is now being prepared by the 
United States Coast and Geodetic Survey. 

AUXILIARY LATITUDES. 

In nl1 problems of map projection it should be borne in mind that the adopted 
figuro 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 
mattcr into consideration. If one dovelops formulas for different projections directly, 
making use of this fact, the formulas become quite complicated. There is a scheme 
by which this dificulty can be avoided to a large extent. We can first project the 
spheriod on the sphere holding some given property thnt will enable us to consider the 
etirtli ns n spliore in further computations. 

With this in mind such comput.ations hnve been made, and they result in fivo 
different kinds of latitude. In each case it nmounts tao the mapping of the spheroid 
on some ndopted sphere. Two of these latitudes nro especinlly useful in the com- 
putations of projections. These are the isometric or conformal latit'ude and what we 
have called the au thalic or equal-area latitude. Tho isometric or conformal latitude 
results from a mapping of the spheroid conformnlly upon the sphero. After this is 
done all computations of conformnl projoctions can bo made from this sphere. The 
authalic or equal-area latitude results from an equal-area projection of tho spheroid 
upon a sphere which has exactly the snme area as- that of the spheroid. 

Besides these two there are three otlior vnrioties of latitude that are useful in 
questions of goodesy and cartography. These nre the geocentric Intitude, tho para- 
metric latitude, and the rectifying lntitude. The geocentric latitude is, of course, 
tho angle between the equatorial radius and a radius vector from tho center of the 
ellipsoid to the given point. The parametric latitude is the one used in the ordinary 
parametric equations of the meridinn of the ellipsoid. In tho rectifying latitude we 
project the sphoroid upon the sphere wllicli has n length of meridian exactly equal to 
the length of the meridian of the spheroid. 

For these five kinds of latitudo, developments hnve been made expressing the 
value of each in terms of the geodetic latitude toget1her with additional terms expressed 
in signs of the niultiplo arcs. In Special Publication No. 67 these developments hnve 
been given in full and the developnient has been carried far enough in each cnse to 
give all the accuracy that is required for the most oxact computations. Tables for 
each of the latitudes have been computed from these developmonts for every half 
degree of latitude. Those are included in the above-mentioned specinl piiblicatioq 
If further values are needed for any case the developments are such that any required 
accuracy may be obtained. 



186 U.S. COAST AND GEODETIC SURVEY. 

In the computation of any conformal or equal-area projoction, 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 mny 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 confornial 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 tho given systems. 
In  this worli these latitudes hnve been found to be of very great value in shortening 
and simplifying the computations. 
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GNOMONIC PROJECTION TABLE. 

[Center of proJectIon Is in Intltude 40'. Middle longitude for the Uniled Statas is M0 Wsst.] 

Longitude 2' Longltude lo  

X J Y  Y Y X 

Mrfprr 

X 

.34efna 
-1,475,282 1 
-1, &=A, 625.1 
-1,242,829.7 

M r f r r r  Mttcrn 
200,078.2 
210.006.0 
219,808.8 

M e t e r s  

-1,238,395.1 

-1,470,869. 1 
-1,354, 185.8 

M c f e r s  Mefera 
Os. 680.4 +1,4il, 860.3 
68, 988. 3 +1,%4,887.8 
71,288.6 +1,238,887.7 

72,578.1 +1,123,870.2 
73, A61.6 +J,M)B, 668.3 
75 137.1 4-886 876.4 
70: 406.4 +78i 760.0 
77,670.2 4-676 108.4 

78. 828. 4 +M7,878.4 
SO, 184.8 +446,880.3 
81,437.1 +334,374.8 
82,687.2 +zn, 083.0 
83,886.7 +111,880.7 

86,183.4 +477.8 
86,431.2 -110,731.3 
87,678.7 -W 008 6 
88,828.7 -338,421.8 
90,182.1 -446,038.3 

81,437.5 -656,830.0 
82 686.7 -w, 183.2 
83, BBO. 6 -781,808.3 
85,228.9 -894,938. 6 
96,605.6 - 1, OOS, 626.6 

~ 

137,369.5 
138. 888. 2 
142,687.5 

-1,123,377.6 
-1 OM) 0011.8 
i8QK: 384.3 
+782,268. 3 

+567.388. 5 
4-446 503.1 
+333: 888.6 
+222,478. 8 
+111,208.1 

+em, oia 1 

145.169.2 .1, 126,348. 6 

+897,363.0 
+784,224. 8 
+671,578.5 

+668. 345.5 
+44? 452.5 

+224,412.8 
+11& 128.9 

+1,811.7 
-108 308.7 
-2%: 584.0 
-33% o i a  3 
-448 847.8 

-067,788.3 
-780.469.1 
-888 005.1 
.l, 007,908.7 

-1, iai ,  644. o 
.1,236,888. 6 
-1, 862,513.7 
-1,468,'XM. 8 
-1,680, M1.6 

.1,7oa. W7.8 
-1.R26.280.8 
- 1 , w 2 8 0 . 2  
-2,oBB,W8. 3 

.Loll. 036.2 

+335: 831.2 

-656,551.3 

217.781.4 -1, in, 813. 6 
-1 013 500.4 
i899: 814.8 
+78Q 883.1 
+674, 032.6 

+661.781.8 
+449,890.7 
+33a, 258.8 +no. 830.3 

... ~... ~ 

147,735.1 
1Eq 266. 8 
152 RZO. 3 
166,844.8 

S I :  832 3 

228.283.2 
2 3 3 , W O  

r n 4 6 2 . 0  

157.874. I 238,848.1 

2A& 132.9 
261,882.2 

2.%# 629.2 
269,376.4 
283,125. 8 m, 880.1 
270,ML 2 

274,411.6 
278,183.7 
281,989.7 
285.802.1 
288,833. 4 

283,486.0 
287,382 ti 
Sol, 285.6 
306,187.7 
308,101.7 

313,180.6 
317.107.1 
821,214.3 
326,385.1 

244,378.2 240,618.7 164 ass. 7 
102 881.2 
165,382.2 
167,880.1 

170,386. 6 
172,883.1 
175,381. 1 
177,882 2 
UW, 387.8 

0 +4,302.7 
-1@3,93l. 1 
-218,235.3 
-328,677.8 
-441,327.3 

-563,252.1 
-@IS, 622.1 
-778,207.4 
-891.370.5 

-1,006, 110.8 

-111,208. i 
-22% 478. 8 
--333.888.5 
-446; 603.1 

-657.388.6 
-60% 618.1 
-7% 268. 3 
-8% 384.3 

-1,008,0011.8 

-1,123,ai.r. 6 - 1,238,386.1 
-1,364,185.8 
-1.470, W. 1 
-1,688,400.4 

182.890.7 
1 6 ;  419.3 
i 8 7 , ~ 4 a  2 
190,487.9 
193,040.2 

lM,oo6. 6 
188,188. 8 
200,788. 8 
#M, 408.2 
m 0 4 a 7  

- 1,118,475.7 
-1,234. 648. 4 
-l,aaO,408.6 
-1 467 136 4 

-1,703 613.8 

-1,844 388.8 

-1:6f4&8 

-1.823: 337. 6 

-2, osa: 704.1 

-1,707, 101.8 
-1,8%,1(52.2 
-1,947, BM. a 
-2, 070. ooo. 3 

ZOS, 712.4 
211,401.1 
214,116.8 
218,881. 8 

104, 337.8 -1,7oe, 703.4 
106,881.5 -1,828.461.8 
107,038.7 -1,947,425. 6 
108,410.6 -2,088,887.7 

I 

Longitude 6' Longitude Bo Longitude 7O -- 
Y .  

Latitude 
(degrees) X X X Y Y A 

I\.lCt.?lS 
274,808. 3 
280,062. 6 
286,267.2 

zoo, 425. 8 
285 E4S. 1 
300: 675.2 
306,780.6 
310,824.2 

315,808.0 
320,BQQ. 8 
326,818.1 
330,027.3 
335,030.7 

340,831.2 
345,831.8 
360,836.8 
365, 846. 1 am, 885.8 

306, QMI. 0 
371, 045. 7 
370,112.3 
381,200.8 
380,314.5 

381,468. 8 
380 a312 
401: 840.8 
407,088.7 
412 381.2 

417,718.2 
423,107.6 
428 W.6 
434; 052.0 

Metera 
-1,478,724.8 
-1,362,074.6 
-1,246,281.5 

-1,131,288.6 
-I, 016,962.6 
+Boa, 203. 8 
+7w, 120. 8 
+677,409. 0 

+m, 218. 8 
+453,308.6 
+841,082.2 
+23@ 217.2 
+ll!, 803.4 

Metera 
843,677. 5 
360.137. 1 
3W, 048. 6 

303,116.6 
308, M5.3 
376,839.0 
382 301.8 
388,837.8 

894,861.1 
401,246.6 
407, 524.8 
413, 783.3 
420, OM. 5 

Metera 
k l ,  483,164.6 
k1,308,511.6 
L1. m, 723.0 

Jud.?l8 
412,388.6 
420,208.4 
428,081. 6 

Mtkra 
-1,488,673.5 
-1,371,838.8 
-1,268, 167.0 

Metera 
481,264. 6 
400,460.0 
488, 608.6 

Mi% 073.5 
617,895.9 
628,888.8 
535, 600. 8 
544,485.0 

5453,357.7 
602 194.5 
571,010.8 
678,812.3 
6 8 8 , W l  

687,381.7 m, 180.5 
614,875.7 
629,782 8 
082,607.1 

041,464.2 
Bao. 328.4 
069,238.6 
BBS, 187.0 on, 180.7 

M e l e r a  
-1 4Q4 986 1 
-1: 378: 382: 6 
-1.282 688.6 

+681 4128 +ad 447 4 
t-357' 740 6 
+%a: 223: 6 
+134,82!3.2 

+a, 486.2 
-87,870.1 

-188,308. 6 
-310,887.4 
-4% 705.0 

-634,800.4 
-047.263.2 
-760,134.1 
-879,614.7 
-887,408.0 

b l ,  136,708.8 
bl ,  021.394.0 +w, 702 1 
+?tu, 668.5 
+eel, 881.3 

+&le, 62% 3 
+467,702 3 p%%; 
+11, w4. 3 
-9Q. 318.6 

-210,676.7 
-322, 178.0 
-433,880.7 

436,861.7 
443.684.9 
461,280. 3 
468, 810.8 
400,523.3 

.1,141,145.8 
-1,024828.4 
+813,132.3 
+799, MO. 8 
+887,3M. 4 

474,108. 6 
481,071.6 
488,216.8 
480,748, o 
604.2726 

611,782 4 
(118,ai3. o 
KM, 838.8 
634,374.5 
641,824. 7 

+ti75 028.0 
4-483: 081.4 
+351,388.1 
+BO, 910.3 
i-128,646.9 

+7.652.8 
-1M.BM6 
-214,830.4 
-320 3w. 7 
-438: 076.8 

4-213, a12 3 
432 570.4 
438,832.8 
446,103.3 
461,385.6 

4-17.240.8 
-Q4,076.8 

-206,470.8 
-317,012.3 
-428,788.6 

-650,030. 6 
-082 332 6 
-776,062.2 
-888,280.8 

-1,002, 031.1 

467,603.8 
404.001. 6 
474 343.0 
476,712.1 
483,113.0 

-646,883.8 -mm. 1 
-770, W. 8 
-884,246.4 -QQa ooo. 6 

-1,112525.6 
-1,rn,age.1 
-1,343,604.7 
-1,460,602 0 
-1,678.203.0 

648,494.1 
557,087.4 
664,709.3 
672, 304.7 
680,068.4 

-640,808. 6 
-063,202 1 
-7m, 018. 6 
-878,831.6 
-993,213.7 

.1.11& 4a7.1 

.le 231,854.6 

.1,947.480.8 
-1,464,236.4 
.1,681,800.3 

1119,648. 8 
480,020.8 
acn, 648.3 
eoe,ll8,8 
615,743.0 

687.785. 6 
685, MI. 3 
803.420.9 
011,318.6 
e i ~ , m 2 .  8 

on, aio. 7 
836,428.8 
813,610.4 
051, m. 7 

.1,107,737.4 

.1,222,878.6 

.l, 998, 017.6 
-1,466,931. 6 
.1,673,803.4 

088,22€&4 
em337. a 
704. 482 2 
713,720.8 
723,037.3 

- L l U  063.1 
-1 217 801 2 
-1'993'5161 
-1: 45d 618, 6 
-1, bsa 488 8 

-1 &I7 601 7 
-1:807:661:7 
-1,828.OZ7.4 
-2,051.722.8 

.1,700,710.6 
-1,8!Xl, 800.3 
.1,Q41,682 7 
.2 084.080.1 

-1,097,122.0 
-1,817,@7&2 
-1,938,246.8 
-2 OBO, 724. 3 

733 430.4 
741.818.2 
761,482 7 
701,176.4 

622,426.6 
528, 171.3 
636 886.6 
w i  1173.3 

.1; 812 701.4 

.1,834,026.5 

.%OM), 803.4 
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GNOMONIC PROJECTION TABLE-Continued. 
[Center of projection is in lntitude 40". Middle longitude for the United States is 90" West.] 

Longitudo 100 Longitude 8' Longitude go 
- 

X X Y 

Mefera 
660,181.2 
6t!Q, 715.4 
671,173.0 

691,890.3 
SOZ, 102 4 

581,w2.9 

012, 388.1 
022,607.7 

832,713.8 
842,Iuo.0 
062,924.6 
003,001.7 
073,008.2 

083 130.3 
093: 184.1 
703,285.8 
713,351.4 
723,467.2 

733,588.4 
743,764.4 
763,958.4 
764,208.0 
774,608.8 

784,870.6 
796,297.0 
805,790.3 
810,375.7 
827,042.0 

837, em. 0 
848.069.8 
8S9,gPe. 2 
870,742.5 

MdU8 
-1,502, 392.7 
-1,386,783.3 
-1, 270,015.0 

-1,166,010.7 
-1,040,091.8 
+eB,883.7 
+813.812.7 
+701,106.6 

MdcrS 
888,254.9 
701.407.8 
714,680.0 

727,020.3 
740,677.4 
763,460.0 
788,280.2 ne, 074.3 

MdW8 
-1,520,213.6 
-1,403,030.0 
-1,287, Em. 3 

MdU8 
757,419.9 
771,983.1 
780,443.4 

800,810.7 
816,084.0 
829,304.3 

MdUS 
.1,630.830.7 
-1,414,080.1 
-1, ma, 348.7 

-1, 183.367.9 
-1,009, 037.3 
+966,309.8 
+e42 102.2 
+72Q, 342.2 

Mckra M d ~ s  
019, 178.3 +1,610,800.0 

042,833.6 +I, 278,448.5 

054,641.4 +1,183,447.9 
800,180.1 +1,049,128.1 
077.757.0 +Q36,413.7 
889.279.0 + E 2 2  231.3 

831, 048. 5 +I, 3 ~ 4 ,  m. 4 

-1,172,895. 1 
-1,068,674.0 
+944,8&.7 
+831,069. 1 
+718,918.6 

+m, MIO. 9 
+494, 5t6.2 
+%2,715.2 
+271,089.0 
i-159, bo9.4 

+4n,w.  3 
-83.422.1 

843,448.0 
857,637.9 700; 765.9 1 +700; m. 7 

+m, 793.9 
+470.805.0 
+306,070.2 +m, 520.8 
+142, 088.6 

791,m.  0 
804,508.3 
817,179.9 
829,831.7 
842,471.4 

871,679.0 
885, b83.0 
899, 558.8 
913, 608. 5 
927,449. 0 

+010,96Q. 1 
+€a. 882. 0 

712 192.3 $697,174.7 
723,690.4 +486,16Q. 3 
734,976.0 +373,393.0 
746,336.3 +281,807.2 
767,084.1 +160,333.5 

+393; 043. a 
+281,373.1 
+log, 803.2 

+30,705.4 
-80, 090.6 
- 192, 185.0 
-303,828.3 
-415.094.9 

856,106.8 
887,746.4 
880,396.1 
893,003.0 
905,758.7 

918.488.1 

041.385. 7 +m. 265.6 709,028.5 +a, 804.0 
780,376.3 -72,649.3 
791,731.4 -184,094.3 

814.499.6 -407.732.0 
803,103. n -205,700.2 

965; 3%. 2 
809,279.7 
983,264.7 
997,259.8 

, ~ . 
-63,307.7 

-104,984.*0 
-270,833.4 -w, 923.0 

... . 
-176,029. 9 
-286,803.4 
-398,811.1 

-627,864.0 
-040.375.2 

-511.122.3 1.011.303.0 -m1,322.7 
-014,102.5 
-727,333.4 
-841,087.0 
-955,438.0 

825,925.5 -619,963.0 

848, EM. 8 -745,688.9 
860,460. 8 -859,145.8 
872,070. 1 -973,276. 1 

837, w. n -832, wz. 1 931; 259. 8 
844,082.1 
860,902.7 
909,910.2 

-023; 807.1 
-730,930.2 
-833,681.7 
-W, 810.9 

-1,079.710.5 
- 1, 195,357. 0 

- 1,429, 170.4 
-1, 647, 518.0 

- 1,800,028.8 - 1,787,495.4 
-1, BOD, 308.8 
-2,032,400.8 

-1,311,810. n 

1; Ow; 394.9 
1,039,642.0 
I, 053,766.0 
1, 008, 043. 2 

1,082.414.8 
1, OW, 879.8 
1, 11 I ,  448. 2 
1, IUI, 130.0 
1, 140,935.0 

1, 166,875.0 
1. 170, Wl. 3 
1,180,204.1 
1, 201,015.7 

-763: 329.2 
-536,787.9 
-W, 824.1 

-1,006, 612.6 
-1,210,920.0 
-1,327, 161.7 
-1.444, UK).  0 
-1,602.338.2 

882, 833.0 
900,039.8 

1, ooo. 239. 5 
1,022.641.1 
1,035,964.1 

1,049,488.2 
1,003,163. 3 
1,070,959. 8 
1, OW, 918.5 

-1,070,401.3 
.1, 180,232.4 
.1. 302,830.4 
.1.4!20,336.2 
. I ,  538, 832.8 

~1.058.405.9 
.1,779,144.2 
.1.801.139.4 
.2 024,4110.9 

.1,881,408.3 

.1,801. 741. 7 
- 1,923,240.3 
-2,040,077.4 

043,477.0 -1,874,814.0 
966,730.4 -1,795,025.3 
908,121.3 -1,910,870.1 
980,042.1 -2,039,001.0 

i Longitugo 14' Iangilude 16' 

Y 
_____ 

I 

Y : x  Y ' X  Y x 

Mefera 
k1,664,638.2 
~1,438,028.8 
i-1,322,328. 8 

Meter8 
QO6,636.0 

1,002,742.8 
w, 203.2 

Melera 
-1,688,030.1 
-1,4hl, 6.93.4 
-1,335,800.2 

-1, no. 808.0 
-1,100,692.4 
+992,846.1 
+879.690.0 
+700,772.1 

+OM, 301.8 
+M2,116.9 
+430,145.1 
+318,320.8 
+m, 574. 0 

+94,838.4 

. -im. 878.4 
- 10,955. 8 

-240.691.8 
-353,37 1.2 

-4ot3,W.l 
-679,201. 1 
-092,793.7 
-800,934.6 
-921,097.0 

-1,037,168.7 
-1, 153,396. 2 
-1,270,488.4 
-1,288,614.0 
-1, Em, bo2.0 

-1,027,717.4 
-1,749,009.8 
-1,871,712.4 
.1, 9W741.8 

Meters 
1,036,144.6 
1,066,200.9 
1,075,121.3 

Meters 

*1,3m, 463.1 

*1.682,669.6 
-1,400.111.8 

Melera 
t-l,WZ, 070.1 
I-I. 425,642.2 
Fl,W, 823.9 

ll,lQ4,843.0 
k l ,  OSO. 622.8 
+W, 78R. 8 
+863,607.6 
f744787.1 

+028,370.5 
+610,B6.7 
+404,385.0 
+282.887.4 
+l8l, 042.8 

+09,443.7 
-42,197.9 

-153,960.0 
-24%. 881.1 

Metera 
EBB, 051.2 
913,340.9 
930,610.8 

947,572.0 
904,637.4 
981,410.3 wn, 220.4 

1,014,000.1 

1.031,640.1 
1,048,288.0 
1,084,888.1 
1,0111,484.0 
1, 008, 058.3 

1,114,029.4 
1 131 207.8 
1: 147: 803. 8 

1,181,089.1 

1, 197,788.9 
1,214,607.6 
1 231 405 2 
1: 248: 323: 0 
1,205,331.8 

1,282,442.8 
1,299,807.3 
1,317,017.2 
1 , 3 3 4 , m  0 
1,362,141.7 

1,104,427.5 

f l ,  207,367.3 
I-1,083,038.6 
+979,288.1 
+&lo. 002.9 

1 021 107.0 
1' 039' 487.9 
1: 057: 717.4 
1,076,887.3 
1. oQ3, Bp9. 1 

1, 111,974.2 
1 129 963.7 
1' 147'888.0 
1' 106'820.2 
1: 183: 728.2 

1,201,830.0 
1,210,663.3 
1,237,490.2 
1, m, 4 1 . 4  
1,273,488.8 

1,004,919.3 
1,114,Bw.8 
1; 134,199.7 
1,163,707.7 
1, 173, 143.9 

-1,235, m 4 
-1, 121. 193.0 
-1,007,441.4 
+SIX, 177.7 
+781,330.2 

444.681.0 
+332, 088. 4 +m, 888.0 

+753; 280.8 

+040,821.1 
+628, 073.9 
+410.740.8 
+a, 980.2 

+El, 831.4 
-30,083.8 

-141,017.2 
-253,937.2 
-388,212.8 

+wa, 280. 8 

1,192,520.0 
1,211,849.9 
1, 231, 143.0 
1,260,413.0 
I, 208,071.0 

1,288,928.3 
1.3oL1, 198.0 
1,327,491.2 
1,340.818.9 
1,300,193.0 

1,386, 027. 3 
1,405, 132.3 

1,444,405.3 
1,404,188.8 

I .  424,720.7 

+108,076.1 
-2.803.2 

- 114,810.7 
--2n,034.0 
-339, 524.2 

-462,357.2 
-606,803.7 
-079,336.2 
-793,024.8 
--08, M0. 7 

-378; 080.0 

-490,660. 1 
-003.439.7 
-710,781.8 
-830,054.9 
-046,132.6 

-1,080,289.9 
-1,170,233.8 
-1,282,863.2 
-1,410,019.0 
-1,628,284.7 

-478,813.4 
-681,808.3 
-705,272.1 
-818,274.0 
-933,889.1 

1,291.632.8 
130QOi316 

1,340, 169. 1 
1,304,661.7 

1: 327: soo: 4 

-1,049,192.0 
-1, 105, B1.0 
-1,282,176.4 
-1,400,016.2 
-1,518,864.7 

1,383.050.0 
1,401,084.0 
1,420,450.3 
1,439,388.0 
1,468,446.2 

1,477,701.0 
1.497.150.4 
1,510,805.7 
1,636,883.3 

1,484,114.3 
1, €aO4, 105.2 
1624 386.1 
1: 644: 728.3 
1,606,BQ. 2 

1, me, 002. o 
1,800,944.9 
1,028,111.4 
I, 049,518.0 

.1,024,170.8 
-1,140,682.8 
-1,267,874.4 
.1,370, 103.7 
'1,495,386.0 

-1,048, 030.3 
-1,789,902.8 
-1,882.166.4 
-2,016,712.7 

1,388,841.0 
1,387.817.4 
1,400,082.0 
1,424,462.2 

-1,838,810.4 
-1,169,941.0 
-1,882,360.9 
-2 006,134.6 

.I, 016,746.7 

.I, 737.336.8 

.l,BaO, 22Q. a 

.1.884.623.0 
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52 _..______.___.___ 
bi-. ___. . _ _ _ _ _ _  _ _ _ _  
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Meters 
1,120,344.2 
1,147,057.3 

GNOMONIC PROJECTION TABLE-continued. 
[Center of projection Is In latltudo 40'. Middle longltude for the United State8 is 00' West.] 

50 ___._..________ _ _  
40 _________._._____ 
48 _._._ ._._________ 
47 -.-. _..__________ 
40.. _ _ _  .. . _._. . ._. - 
45 ... .____. .~.. .__. 
44.. . . . . . ___. . . .___ 
43 _._._______._._._ '  
42 __.____.  . .______. 
41 _._.___.___._._. ~ 

Lopgitude 17" 

1,108,841.2 
1,188,000.0 
1.210.877.0 
1,231,755.0 

I. 273,301.0 
1.293, W4.0 
1,314,051.5 
1,335,284.6 
1,355,m.3 

I ,  252,550.0 

Longitude loo 

34 _...___. ~ .______ ~ 

33.. . . ___. - _ _  - _ _  _ _ _  
32 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
31 ___._____.___.___ 

30. _.______________ 
20 _..___ ~ _ _ _ _ _ _ _ _ _ _  
28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
27 .____.______ _ _ _ _ _  
20 ___._____ ~ _ _ _ _ _  _. 

25 _._____..__. ~ _ _ _ _  
24 _ _ _ _ _ _ _ _ _ _  _.___-- 
23. _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  
22 ___..______..-- - -  
21 .............------.--.-.---- 

Longitude 10' 
Latitude 
(degrees) I _ _  

1,501,008.2 
1,521, ODD. 0 
1,543,003.7 
1,504,300.0 

1,585,052.0 
1,001,145.4 
1,028.7W.8 
1,050,831.1 
1,072,854.9 

1,094,887.5 
1,717,345.4 
1,740,040.2 
1,703,007.7 

Iangitude 18' 

x ' Y  

1 3 0 2 w . 3  
i:3~5,114.1 

Y 

-1 m 138 2 
:-i:nm:~50:5 

62 _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ - -  
61 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  

Meters 
1,412,570.0 
1,430,507.1 

KL: _ _ _ _ _  ~ _____._ 
49 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  - 
48 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  ~ 

47 _ _ _ _ _ _ _ _  ~ ____.-.- 
40 _ _ _ _ _  _ _  ________._ 

45 ____.___ ~ _ _ _ _ _  _ _ _  
44 _ _ _ _ _ _ _ _ _  _ _  _ _ _ _  _ _  
43 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
42 _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _  ~ 

41 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

40 _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  
30 ___._________. ~ . -  
38 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
37 _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _  
30 _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
36 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
83- _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
82 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
31---- _ _ _ _ _ _ _ _ _ _ _ _ _  
30 _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  
29 _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _  
28 _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
27 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

26 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
22 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
21 _ _ _ _ _ _ - _ - - _ _ _ _ _ - -  

a4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1,400,4m.z l+1,~24,616.0 
1.403.107.0 +1,210.251.0 
1,619,812.4 +1,G90,402.4 

1,572.763.0 +870,203.5 

1,500,114.1 4-757, 531.8 
1,025,422.3 +045,(#12.3 
1,051,004.0 +532788.1 
1,077,047.1 +420,574.6 
1,7@f,105.0 +308,370.0 

1,730,488.9 +190,131.4 
1,760,740. 1 4-83.703.0 
1,783,078.0 --28,704.8 
1,808,473.7 -141,011.4 
1,835,044.0 -254,760. 7 

1,802,508.0 -308,301.3 

1,915.086.5 -590.870.7 
1,042,932.0 -712,054.4 
1,870,040.8 -827.Ou1.2 

1.W7,930.1 -044,500.4 
2,024,818.0 -1,002,083.8 
2,052, 526.3 -1,180,480.0 
2,080,400.9 -1,288,035.1 
2,108,072.8 -1,420,483.2 

2,137,165.0 -1,642, 226.1 
2,105,038.3 -1,006.W.O 
2,105,046.3 -1,780, OOO. 6 
2,224,499.6 -1,915.MN.3 
22trl,3%.6 -5043,040.2 

1,640,326.5 +083.188.9 

1,880,183. n -482317.0 

1:723:218.4 
1,754,254.8 
1,785. 170.3 

1,848,783.3 
1,877,502.0 
1,008,101.7 
1,038,808.3 
1,800,551.4 

2, OOO, 250.0 
~031,012.3  
2, oRL827.8 
2, 002, 725.1 
2,123.723.7 

2,154,843.0 
2,184 102 7 

%248,124.0 
2280, 928.2 

2,312,056.5 
2,345, " 3 . 0  
2,377.770.2 
2 410 003 7 i 443: 753: 6 

1,818, OM. 1 

2,217,523.1 

+1'270'050.7 
+1: 103: 224.0 
+1,049,880.5 

+824, 087.2 
+711,408.2 
+5W. 022.3 
+480,500.0 
+374,135.4 

+!201,687.2 
+148.n77.0 
+35,037.4 
-77,303.2 

-100,014.7 

-304, W. 0 
-410.637.2 

-050,515.8 
-707.077.0 

-884 450 R 
-1, OM: 742: 4 
-1,122,008.1 
-1 242 345 O 
-1: 363: 841: 6 

+wo, m. 2 

-534, nM. 5 

2,477.244.5 
2 511.102.8 
2,645,855.6 
2, 580.030.7 
2,015,167.8 

-1,480.687.0 
-1,010,080.5 
-1,730,218.6 
-1,883,305.1 
-1,097,048. 1 

A' 

Mdera 
1, 107,043. 1 
1,220,301. A 

1,242,044.8 
1,205,400.0 
1,287,702.9 
1,310,028.8 
1,332,212.0 

1,354,334.0 
1,370,400.5 
1,308,441.3 
1,420,452.0 
1,442,451.0 

1,404,450. 8 
1,480,482.0 
1. €08,534.7 
1,530,031.3 
1,652,785.5 

1,575,011.1 
1,507,322.0 
1,010,732.5 
1,042,250.0 
1.884, m. 0 

1,087,700.0 
1,710,002. 4 
1,733,703.0 
1.757, 114.8 
1,780,044.0 

1,804,300.6 

1,852, oJ7. 7 
1,828,307.7 

1,877, 108.7 

Y 

Melcrs 

-1,300,080.2 

-1,251,158.0 
-1, 130,840.8 
-1,023,003.8 
+w, 810.2 
+7m. 945. 2 

+OM, 410.2 
+572,141.5 
+4m. 000.0 
+348,120.8 
+'BO, 243.8 

+124.352.8 
+12.385.5 
-99,726.5 

-212,051.8 
-324,050.0 

-1,481.722.0 

-437, mo. o 
-551,001.0 
-004,884.5 
-770,332.0 
-804,423.7 

-1 010 134.2 
-1: 120:841.8 
-1,244,320.0 
-1,302.771.0 
-1,482,200.0 

-1,002,882.0 

-1,847, MA. 0 
-1,724,727.2 

-1,072,405.7 
.____.______ 

Y 

Meters 
.1.498,392. 1 
.1,382, 787.2 

.1,!?07,872. 7 
-1,153,572. 8 
-1. ma, 813.7 
+020,522. 0 
+813,027.0 

4-70], 050.3 
+588.740.0 
+470,021.7 
+304,014.0 
+252,oM(. 4 

+140,083.7 +a, 022.7 

-106,032.7 
-308,785.4 

-83,503.2 

-421.801.3 
-535,301.5 
-049.428.1 
-784,044.4 
-870,315.3 

-095.317.3 
.1,112, 128. 7 
.I, 220,830.1 

.1,408,238.1 

.1, 680,114.3 

.I, 711,230.0 

.i,834,n77. 8 
~1,050,550.3 

.1,348, EM. 1 

_ _ _ _ _ _ _ _ - _ _  

X I 

I 

Mdcra 
1,200, 107.8 
1,283,245.7 

1,317,241.8 
1,341, 111.0 
1,304,871.3 
1,388,635.3 
1,412,118.8 

1,435,830.4 
1,450.1027 
1,482,532. 1 
1, 505,030.0 
1,528,337.7 

1,552,742.3 
1,570, 107.3 
1,509.020.8 
1, 023, 135.4 
1. 040, 707.5 

1,070,357.8 
1,004,101.3 
1,717,052.0 
1,741,028.2 
1,700.042.7 

1,780,312.0 
1,814,754.2 
1,830,364.6 
1,804,220.8 
1,889,281.2 

1,014,564.0 
1,040, 148.4 
1,905, W. 6 
1,992, 142. 0 
- - - - - - - - - - . , 

Meters 
-1,510, 130. I 
-1,400, M7.3 

-1,285,083.3 
-1, 171,372. S 
-1,057,012 C 
+944.308.1 
+831.380. 1 

+718,787.3 
+ooO, 430. C 
+404,240.3 
4-382, 170.4 
+270,143. C 

+168,080. c 
+45,021.7 
-66.403.3 

-178.882. Q 
-201,820. E 

-405,006.2 
-518,740.4 
--bZ, 051. 7 

-W, 200. E 

-070,411.! 
-1,006,438. , 
.1,214,300.2 
.1,333,280.2 
-1,453,275.6 

.1.574,428.1 
-1,008,828.6 
-1,820, EN. 1 
-1,945,780.1 

-747,745. a 

Meters 
1,340, 748.7 
1,300,320.4 

1,301,744.0 
1,417.037.8 
1,445210.4 
1,407,288.5 
1,402,283.7 

1,517,223.0 
1,542, 101.7 
1,566,043.3 
1,501,703.5 
1,010,577.4 

1,041,400.2 
1,666,247.1 
1, GQ1, 133.1 
1,710,073.7 
1,741,084.3 

I ,  700,180.4 
1,701,377.0 
1,810,002.0 
1,842,141.0 
1,807,740.0 

1,803, 507.7 
1,010,450.7 
1, 945,014.8 
1,071,091.4 
1,998,808.8 

2,026,488.7 
2,052,045.0 
2, OBO, 100.0 
2,107,882.0 
2,130,024.7 

Metera 
-1,534,047.3 
-1,410,410.3 

-1,304,540.2 
-1,190,Ml. 5 
-1,070,500.7 +w, 185.4 
+m, 244.2 

+737,008.8 +ow. m'. 0 
+512,000.0 
+400.824.8 
+288,711.7 

+170,558.5 
+04, 288.7 
-48, 142 3 

-180,827.7 
-273,829.2 

-387,217.2 
-501,003.3 
-015,440.1 
-730,421.4 
-840, m . 7  

-mz, MI. 2 
-1,079,750.0 - 1,107,028.5 
-1,317, 102.3 
-1,437,303.7 

-1,558.802.0 
-1,081, m. 8 
-1,805,KKi.O 
-1.031, 121.4 
-2,m. 228.0 

40 _...___....._._._ I1,370,520.7 

38 .___.._____._..__ 1.417.831.2 

30 .__._._._._._._ _.  1,458,200.1 

30 _._.___ .._.. ._.. , 1,307,107.1 
37. .. . . ._____ ._____ I 1. 43M.534.6 

I 

.__ -.  

Longitude 2oo 
Latitude 
(degrees) 

__ _- 
Longitude 21° Longitude n0 

.Y X 

Meters 
1,484. OOO. 2 
1,513,087. 2 

1,641,410.2 
1,600.005.7 
1,597,073.7 
1,025,038.0 
1,053,510.2 

1,081,325.6 
1,700,083.1 
1.730,800.1 
1,704,611.3 
1,702,215.7 

1,810,030.1 
1, M7.089.4 
1,875,402.7 
1,003.303.1 
1,931,317. 0 

1,050,374.5 
1.087.5M). 8 
2, 015.804.7 
2,044,334.8 
2,072,070.7 

2,101,818.8 
2, 130,871.0 

2,18Q, 700.8 
2,210, 510.6 

2,240,037.3 
2,280,077.1 
2,310,803.2 
2,342,020.5 
2 373,575.1 

2, 100, 168.7 

Y 

Metera 
+l. 554,854.7 
+1,*30,368. C 

hfetcrs 
kl ,  575,884.5 
-1,400,412.5 

-1,346, OOO. 7 
-1.231.354.5 
-1, 117, OOO. 5 
- I ,  004,200.7 
+801,282.1 

+778,570.4 +w, 080.2 
+m, 724.0 
+441.441.0 
+328,100.8 

+104,330.0 
-8, 344.3 

-121,297.3 
-234,502.4 

-348,300.3 
-402 403.1 
-577, W3.Q 
-002, on. 3 
-808,710.5 

-025,508.3 
.1,043,343.8 
.1,102 0.". 3 
.1,281.700.5 
.1,402,016.0 

.1,524.077.0 

.1,048.043.7 

.1,772,813.4 
-1,800,087.7 
.2,020,072. 1 

+210,816. n 

Meters 
1,558,832.0 
1, 680, 802.3 

1,010,010.0 
1,040,274.0 
1,075,814.0 
1,705,240.0 
1,734.597.2 

I ,  703,875. 8 
I, 703,103.5 
1,822,288.2 
1, M5L477.7 
I ,  880,050. 7 

I, Boo, 802 1 
I ,  830.102.8 
l,W,3Q9.6 
I .  DL7.770.5 
2,027,234.0 

2,058,808.4 
I, W, 512.5 
2,110,305.4 
2,140,380,5 
I ,  170.505.8 

2,207,013.5 
1,237,080.7 
2 208,558.7 
1,209,729.7 
1,331,180.7 

h4tters 
I-1 507 080.2 
I-1: 482: 580.0 

tl, 307,810. 7 
kl, 253,666.8 
11, 130, S'D. 4 
t l ,  028,480.4 
+013,405.0 

+800,768.1 
+OB, 213.3 
+575,707.7 
+403,440.0 
+351,073.0 

+23& 028.2 
+l%. 036.7 
+13,228. 0 -w. 807.0 

-213,318.1 

-327,105.0 
-441.673.1 -m. 523.2 
-072,121. 1 
-788,443.5 

-005, m. 6 
-1,023,570.0 
-1,142,551.3 
-1,202 577.0 
-l,wu13,742.2 

Meters hfeters 
1,020,281.0 4-1 021 242.2 
1,800,764.0 4-1: 505: 805.2 
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46 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
44 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
43 .________________ 
41 .________________ 42. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

U.S. COAST A N D  GEODETIC SURVEY. 

'1.930.oBB.7 
1,902,301.2 
1,884,607.7 
2 028, 705. e 
2,058,914.7 

GNOMONIC PROJECTION TABLE-Continued. 
[Oenter of prolection is In latitude 40'. Middle longltude for the United 6t8teS Is  Wo West.] 

40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
39 .________________ 
37 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
36 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
38. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Longitude 26' 

2,091,164.6 
5123,444.9 

2,188,258.8 
2,220,818.6 

z 1 ~ ~ 8 0 5 . e  

Longltude Zoo 

2, 182 572.0 
2 216,427.8 
2,250,362.1 

2,318,660.6 
z , m , 3 ~ 6 . 9  

~ 

Longitude n0 

+311,022. 1 
+lW1,070.3 
+84,sMI. 7 

-142,037.0 
-B, ea9. a 

35 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
34. - -___-___-____-_  
33 .________________ 
32 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
31 _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
30 .________________ 
28. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
27 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
28 .________________ 

29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2,253,611.4 
2286,366.2 
2319,3743 
2,352,687.2 
2,386,017.2 
2,419,086.9 

2,487,839.6 
2,622,371.2 
2,6667,240.4 

2 453, em. 6 

2,362,847. 6 
2,387,308. 8 z 421, QM. 7 
1,456,814.0 
2 491,804.2 

-257,061.3 
-372,033. a 
-487, en. a 
-603,920.7 
-720, 880. 5 

2 627,251.0 
2,662,878.3 
2,698,814.2 
2,036,082.0 
2,071,700.7 

-838,916. B 
-957,782.0 

-1,077,670.2 
-1.198,OBQ. 1 
-1.320.808.7 

2,708,726.4 

2,784, W . 4  
2,822,397.6 

5 748, 11. 2 
- 1,444,362.7 

-1,696,828.4 
-1,823,802.6 

-I,  560, 248.2 

1,625,213.7 
2,668,813.9 
2,612,424.4 
1,068,071.9 
2,688,783.0 
2, 743,684.6 
2,787, KQ. 7 
2,831, M7.8 
I, 876, 804.4 

+1, OM, 470.6 
+MI 682 7 
+828: 668: 1 
+716,667.9 
+802,482.8 
+489,073.6 
4-376 369.9 
+%I: 271. 1 
+I&, 736.4 

2,848,460.9 
2,090,604.2 
2,732,888.8 
2 776,331.4 

+4M, 164.4 
+342, €08.6 
+228,028.6 
+ll4,283. 1 

Longitude 24' 
Latltude 
(degrees) X Y A' Y 

Meterr 
I-I, 045,837. I 
LI, 630,351. I 
-1,416,661. ! 
L1,301.491. t 
-1,187,770.1 
-1,074,428,: 
+eel, 388.4 
+&IS, 680. 
4-736 962. f 
4-023: 416.1 
+610,910. ! 
+398,304.4 
+285,7II.t 
+172,882.: 
+69,807. ( 
-63,684.1 

-167,361. t 
-281, 697.5 
-390,304. t 
-611,736. t 
-627,788. t 
-744,001. : 
-882.2w). 3 
-980,818. ! 

-1,100,389.6 
-1,221,061. 1 
-1,342,891. ! 
-1,460,003. € 
-1, aso, 484. € 
-1,710,433.7 
-1,843,965.4 

A' 

Meters 

1, 969, 166.4 
1,996,672.0 
2,034,024. 7 
2,071,247.0 
2,108,382.2 
2,146,393.3 
2,182,303. I 
2,219 284.2 

2,293,130.3 
2,330,080.4 
2,367,081.9 
2,404,157.6 
2,441,330.2 
2 478.623.1 
2,616,069.6 
2, 563, 003. 2 
2,691,468. 6 
2,629,470.2 
2,667,723.2 
2,706,243.6 
2, 746,067.9 
2,784,193.3 
2,823,678. I 

2,903,813.0 

- - - _ _ _ _ _ _ _ _  

4266:Zoe.l 

2,883,641.2 

2,044,524.4 

Y 

Mclcrs 

-1,610,770.4 
-1,490,252.3 
-1,382,204.1 
-1,208.6a4.0 
-1,166,230.8 
-1, W2104.6 
4-929 285.6 
+816:624.6 
4-703 813.0 
+69l: 082.2 
+478,203.2 
+366,287.3 
+252. w. 9 
+138,688.3 
+a. 720. Q 
-89,682.9 

--204,397.8 
-319,797.5 
-436,867. 6 
-652,064. 9 
-670,288.4 
-788,779.2 
-w, no. 6 

.I, 028,828.0 

.I, 160, 542.1 

.I, 273, m2.9 
-1.307.808.4 

__ 
--_______.__ 

.-_-___._-__ 

- 

Meters 

1,808,414.6 
1,843, ne. 3 
1,877.888.7 
1,912,067.6 
1,946,040. 1 
1,979,925.6 

-_.________ 
Metera 

$1,666,072.4 
+I, 441,332. E 
+1,213.495. 7 

.___________. 

+I, 327, IEE. a 
+I, 100, 164.3 

+987,103. e 

Metera 

1,884,147.7 
1, 9%3, 070.2 
1,965,839.7 
1,881,478.0 
2,027,010.4 
2,062,465.8 
2,097,837. 1 
2,133,176.0 
2, 108,494.1 
2,203,812 9 
2,239,163.9 
2,274.638. 8 
2,309.989.1 
2,346,628.8 
2,381, 174.0 
2, 416,962.9 
2,452,888.2 
2, 488,887.0 
2,625,308.7 
2,681,845.4 
2,698,031.7 
2 636,692.7 
2,673, OM. 4 
2,710,743.6 

2,787,216.3 
2,828, 056. 2 
2,886, 341. 1 
2 905,101.9 
2,945,372.1 

-...-_._.__ 

z 748,787. e 

Metera 

kl,  682, 772.8 
--___-.__.__ 

bl, 488,190.7 
bl ,  364.088.1 
b1 240 417 2 
I-1: 127: 082 8 
I-I, 014, On. 3 
+901,166.3 
4-788.446.5 
4-076,791.2 
+663,134.6 
+460,407.0 
+337,539.8 
+224,483.6 
+ii i .  108. e 

-2,695.3 
-iie,719. 4 
-231, 336.2 
-346,619.0 
-482,342.8 
-578,884.2 
-690,221.5 
-814,436.2 
-933,808.0 

-1,063,826.3 
-1,176,174.9 
-1,297,748.0 
-1,421,839.1 
-1,546,946.2 
-1.673.771.6 
-1,802 221. e 

Meters 

W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,767,777.1 
49. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I,soO, 461.0 
48 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1,832996.6 

46 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11,887,784.3 
47. - - _ - _ _ _ _ _ _ _ - _ _ - _  I 1,885,434.3 

Longitude 30° Longitude 31' Longitude 2 9 O  Longitude 2 8 O  
Latltude 
(degrees) Y X Y Y 

Melera Mdera 
I-1,039,883. a 
I-1,625,636.4 
I-I, 411,641.2 
I-1.287.925.0 
I-I, 184, 618. Q 

+968, 662.4 
+846,8yl. 2 
+733,'087.4 
+020,283.6 +m, 373. e 
+3W. 288.6 +m, 958.9 
$167,314.6 
+53,284.7 
-61,202. 0 
- 176,220.2 
-291,842.4 
-4W, 146.1 
-626,206.8 
-643,104.0 
-761,921.3 
-881.741.9 

-1,002,062.4 

1-1. 071, 651. a 

Metera 
1,110, 105.2 
2, IW, 664. 6 
1,191,460. 0 
A xii,gie. 9 
2,272, 280.6 
1,312, MXi. 8 
1,362.797.4 
5 392.888.9 
1,433, 197.7 
L, 473,416.6 
1,613,677.8 
!, 654.008.1 
!, 594,434.4 
!, 634,978.7 
!, 676.667.3 
!, 716,628.0 
!, 767.680.9 
!, 798,868.6 
!$840,388.2 
!, 882,191.7 
!, 924,303.6 
- - - - - - - - - -. 
- - - - - -. - - -. _ - - _ _ _ _ _ _ -  

Meters I Meters Mdera 

2,112,660.4 
2, 161,387.6 
2,190,113.1 
2,228,767.0 
2,287,343.0 
2,306,694.8 
2,344,436.8 
2,382,989. 6 
2,'421,679.4 
2 400.229.2 
2,4w, w2. 0 
2,637.603.6 
2,670,776.2 
2,616,906.2 

%%E:: 
Melt98 

L 1  670 429.4 

-1,442, 127.3 
-1,328.662.7 
b1,216,287. 0 
-1,102,203.6 
+B9, 289. 6 
+876. 467.4 
+783,038.0 
+660, 762.7 
+637,762.7 
+424, €08. 7 
+311,111.1 
+197,319.6 
+83.122.8 
-31,661.2 

-146,775.8 
-282,626.7 
-379,177.2 
-490,608.4 

-1: aae: 082.3 

-614, m. 4 
._-__-- ----- 
. - _ _ _ - - - _ - - - I  .__--------_ 

2,228,403.1 +1.587,860.6 
2,270,720.7 +I, 473,883.6 
2 312 861.9 4-1 360 467 1 i 364;882.8 4-1: 247: 201: 0 
2,390,839.3 +1,134,146.3 
2,438,747.1 
2,480,031.9 
2,622.619.0 
2, €04,434.2 
2,808.402.9 

+I. 021,220.7 
+m, 358.4 
+795,489.6 
+882,646.3 
+569. 456.7 

36 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,665,216.6 
34. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,694,732.4 
33. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,734,481. 9 

31. ______________._ 2,814,786.3 
32 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,774,480.5 

Lonaltude 83' Longitude 
Latitude 
(degrees) 

Meters [ Mders 

' 673 288 4 +I 663 128 3 

i 825,888.0 +1,314 079: 8 

c 724: 216: 6 +I' 63d 976 9 
\ m 0 7 3 .  I +I: 420' om's 

' 787 938.6 +1 162388.8 i 828: 888.8 14-1: W8, 470.3 
,6W 786 7 $1 1m a32 0 

7 4  089.2 4888, 117.9 
,841.313.6 +786,087.2 

' 746'922:Q +l'ol!il09:9 



ADDITIONAL TABLES. 191 
PARABOLIC EQUAL-AREA PROJECTION TABLE. 

The following table for the construction 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 suthalic 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-aegree 
intervals only. 

cm. 
4.0132 
3.0407 
3.8780 
3. m 
3.7385 

3.8078 
3.6860 
3 . 6 m  
3.44'56 
3.3088 

3.2810 
3.2120 
3.1317 

2.8870 

28838 
2.7800 
2.7127 
202256 
2.6371 

24470 
2.3670 
2!&W 
2.172l 
20788 

1.8898 
1.8880 
1.7810 
1.0831 
1.6842 

1.4842 
1.3833 
1.2L)lS 
1.1887 
1 . W  

0.8803 
0.8748 
0.7084 
0.8011 
0.6630 

0.4440 
0. 3342 
0.2m 
0.1122 
0. m 

a. 0503 

cm. 
0.8026 
0.7883 
0 . 7 7 1  
0.7820 
0.7478 

0.7330 
0.7180 
0.7042 
0.8881 
0.07a8 

0.8582 
0.8424 
0.0293 

(L6835 

0.6788 
0.6588 
0.6425 
0.6261 
0.6074 

0.4886 
0.4714 
0.4631 
0.4346 
0 . 4 1 1  

0.3008 
0.3774 
0.3682 
0.3388 
0.3188 

0. 2888 
0.2787 
0 . m  
0.2377 
0.2170 

O.lwI1 
0.1750 
0.1b37 
0.1322 
0.1108 

0.0888 
0.0888 
0.0447 
a0224 
0. m 

0.0100 

cm. 
80.7108 
00. 7CkN 
80. 8810 
80. 0303 
00.6737 
80.4831 

80.3Q48 
80. 2783 
80.1442 
06. 0026 
06.82243 

6.8348 
06.4287 
06. w 
84.8066 
04.7070 

84. 4308 
04.1370 
83.836 a. 4964 
83.1480 

02.7868 
02.4042 
(12.0064 
01. (5888 
01.1653 

80.7044 
Bo. 2389 
68. 7610 
68.2487 
8.7283 

1.1828 
67.8388 
67. 0085 
60.4826 
66.8788 

6 5 . m  
64.0217 
63.8884 
63.2887 
62.0128 

61.9103 
61. ?018 
60.4674 
48. 7971 
48. 8407 

0 ____.... 
7 ______._ 
8 _--_--.- 
8 - - - - - - - -  
10 - _ _ - - - -  
11 _ _ _ _ _ _ _  
12 _ _ _ _ - _ _  
13-- _ _  __. 
14 _ _ _ _ _ _ -  
I6 _ _ _ _  __. 

10 - -___ -  ~ 

17 _ _ _ _ _ _  ~ 

18 __._.-- 
18 ____.__ 
20 -----.- 

21 _____._ 
22 _ _ _ _ _  _ _  
23 _ _ _ - - - -  
24 ___--.- 
26 _.._.__ 

28 -__.--. 
27 - _  
28 _____._ 
28--. - - - -  
80 ______. 

31 _ _ _ _ _ _ _  
32- --. . ~ - 
33 _ _ _ _ _ - -  
34 - _ _ - _ _ _  
3s. --..-- 

30 ___.___ 
37 - - _ - - -  ~ 

38 _ _ _ _  _ _ _  
38. _ _ _ _ _ _  
40- - _ _  _ - _  
41 _ _ _ _ _ _ _  
42- _ _ _ _  _ _  
43 _ _ _ _ _ _ _  
44 ____._. 
46 _ _ _ _ _ _  ~ 

m contr 

30' 
~ 

cm. 
33. am 
33.9540 
33.3406 
33.3182 
33.2808 
33.2480 

33.1874 
33.1382 

32. BQa3 
32.8113 

32.8176 
32.7148 
32.8032 
92.41128 
32.3636 

32.2164 
32.0086 
31.8128 
31.7482 

31.3820 
31.2021 
31. 0027 
30.7846 
30.6770 

30.3522 
90.1182 
28. 8766 
28.0243 
28.3847 

28.0886 
28.8188 
28.6348 
28.2412 
27.8306 

27.0203 
27.3108 
28.8842 
28. MHO4 

25.8'562 
2b. 6000 
25.2287 
24.8535 
24.4703 

a3.0721 

ai. 6748 

28. 3w3 

QQ.6822 
00.4176 
80.2183 
88.8888 
88.7338 

88. 4624 
Q8.1446 
87.8og7 
87.4484 
87.0805 

88.8402 
80. #M6 
86.7389 
85. 2440 
84.7248 

04.1788 
83.8009 
83.0081 
82.3834 
81.7328 

Ql.0588 
80.3646 
88.0206 
88.8730 
88.0840 

87.2884 
88.4684 
86.oM3 
84.7237 
83.8184 

82.8878 
81.8328 
80.8628 
'78. 8481 
78. 8188 

77.M66 
70.7878 
76.0881 
74.6808 
73.4110 

merid 

6' 

0.8638 
8.1123 
8.2700 
10.4288 
11.68l33 

12.7438 
I8.8008 
16.0671 
10.2134 
17.3081 

18.6243 
18.0782 
m.8933 
~ 1 . ~ 8  

cm. 
6.6587 
6.6580 
6 . W  
6.6630 
6.6478 
6,6411 

6.63320 
6.6232 

5.4884 
6.4862 

6.4626 
6.4338 
6.4138 
6.3823 

6.3082 
6.344a 
6.3188 
6.2814 
6. 2826 

6.2322 
6.2ow 
6.1071 
6.1324 
6.0083 

6.0587 
6.0187 
4.8783 
4. 8374 
4. 8041 

4.8404 
4.8033 
4 . 7 m  
4.7088 
4. om 
4. M)48 
4.6518 
4.4874 
4.4410 

4.3258 
4.2880 
4.20421 
4.1423 
4.0784 

6. 6120 

6.4080 

4. aw 

.51------- 00.0222 
62 _ _ _ _  _ _ _  84.7102 
63 _-__. ~. 83.3768 
M ---- _ - _  02.0188 
M _ _ _ _ _ _ _  00.8388 
60 _ - _ _ - - -  68.2386 
67 _ _ _ _ _ _ _  67.8164 
68 _- - - -  - -  68.3708 
68 _ _ _ _ _  _ _  64.W6 
Bo---.... 63.4171 

01-.. _ _ _ _  6 1 . W  
02 _____._ M.3783 
83 -_ - - -  _ _  48.8281 
84 _ _ _ _ _ _ _  47.1~87 
86 _ _ _ _ _ _ _  ~i .0078 

1 

10 

~... 

24.2821 
1.4437 
28.6844 
27.7444 
2R. 8837 

em. 
1.1118 
1.1118 
1.1113 
1.1100 
1. low) 
1.1082 

1. loBB 
1.1048 
1.1024 
1. OBgg 
1.0870 

1.0838 
1.0806 
1.0888 
1. cw2a 
1.0784 

1.07a8 
1.0088 
1.0038 
1. orlea 
1.0626 

1.0404 
1.0401 
1.0334 
1.0206 
1.0103 

1.0117 
1.0038 
0. 9868 
0.8876 
0.8788 

0.8888 
0.8807 
0.8612 

0.8313 

0.9210 
0. 8104 
D. 8805 
0.8883 
D. 8708 

3. m2 
1. 8532 
I. 8410 
1. 8386 
1.8167 

D. 0414 

66 _ _ _ _ _ _ _  -44.0571 
07 _ _ _ _ _ _ _  42.4203 
08 _ _ _ _ _ _ _  40.7760 
08 --...-. 38.1004 
70 _ _ _ _ _ _ _  37.4177 

II  I I coordinate 

. . -. 

lO.0424 
11.1888 
12.3386 
13.4824 
M. 0270 

l5.noo 
10.8135 
l8.0662 
18.1867 
K). 3348 

11.4732 
12.0100 
13.7467 
H.8801 
IB. 0130 

L7.1448 
18.2748 
18.4037 
10.6312 
il. m 

--- II I Oo0 

71 _ _ _ _ _ _  ~ 36.7100 
72 _ _ _ _ _ _  -33.8837 
73 _ _ _ _ _  _ _  32.2388 
74 ______. 30.4767 
76-:--i-- 28.0860 

70 ______. 20.8802 
77 _ _ _ -  __. 3.08oO 
78 ___._ _ _  23.2407 
78 - -_ - - - -  21.3905 
80 _ _ _ _ _ _ _  18.5293 

81 _ _ _ _ _ _ _  17.0460 
82 _ _ _ _ _ _ _  16.7402 
83 ---.- _ -  13.8908 
84 _ _ _ _ _ _ _  11.8005 
86 -__--.. 8.8631 

80 -__..._ 7.0010 
87 ______. 0.0163 
88 _ _ _ _ _ _ _  4.0242 
88 ___-. _ _  2.0181 
80 - - _ -  ~ . .  0 . m  

cm. 

3.4772 48 88.6777 
4.0363 SO--- _ _ _ _  07.3114 
6.7852 

l3.1386 11 I 

gitude I 

000 

cm. 
48. lMul 
47.3808 
40.6474 
46.7185 
44.8745 

44.0148 
43.1401 
4 2 . m  
41.3468 
40.4284 

98.4823 
38.6438 
37. 6804 
30. oo30 
35.0114 

34.6067 
33.6882 
32. 5627 
31. MIS8 
30.4453 

28. 3714 
28.2842 
27.1840 
28.0708 
24.8461 

23.8067 
22. WJb8 
21.483 

18.1300 

17.8300 
10.7200 
16.4QQ8 
14.2843 
13.0186 

11.7038 
10.4876 
8 . m  
7.8330 
0.8364 

6.3277 
4.0102 

1.3401 
0. m 

m. 3171 

2. 8828 

- 

n cantr 
30' 

em. 
24.0783 
23.8804 
23.2737 
22 8682 n. 4336 

22.0074 
21. 6701 
21.1262 
20.0728 
20.2132 

18.7402 
18.2718 
18.7W2 
18.3016 
17. a 7  

17.3028 
10.7831 
10. 2704 
IS. 7620 
16.2220 

14.0857 
14.1421 
13. 682O 
13.0366 

11.8093 
11.3278 
10.7403 
10.1h88 
8. €850 

8,9864 
8.3800 
7.7- 
7.1322 
0. w88 

6.8820 
6. 2487 
4.0103 
3.8086 

2.0038 
2.0051 
1.3414 
0.0730 
0. m 

12.4728 

3.3177 

- 

- - 

V 
coordi- 
nata 

- 
cm. 

62 7811 
63. w)35 
65.0246 
50.1438 
57.2012 

68.3700 
68.4808 
80. BOZB 
01.7131 
0 2  8314 

03. 8278 
85.0318 
80. 1343 
07.2343 a 3323 
OB. 4282 
70.6220 
71.8132 
72.7022 
73.7800 

74.87% 
76. 8663 
77.038 

78.1885 

80. wB1 

82.3897 
83.4b78 
84.6187 

86.6708 
80.8323 
87.0848 
88.7346 
88. 7811 

81.8852 
82.8028 
83.8372 
84.8084 

85. QQ63 
07.0211 
88.0423 
00. OOM 
00.0752 

7a  1118 

81.3273 

m. 8a48 

-__ 



192 U.S. COAST AND GEODETIC SURVEY.. 

PROJECTION TABLE OF THE SPHERE WITHIN A TWO-CUSPED EPICYCLOID. 
. . . 

Latitude 20' Latitude 10' 

. -  
I LatitudeO' 

Longltude (degrees) II Y 
! 

Y Y 2 

0.0657005 
0.0850502 
0.0807008 

0.0078001 
0.0088354 

0.0722040 

0.1329388 
0.13&302 
0.1340544 
0.1375243 
0.1412182 

0 
0.0044088 
0.1294722 
0. 1054002 
0.2028114 

0.3322379 
0.4042008 

0 
0.0652800 
0.1310834 
0.3977852 
0.2861670 

n. 3378000 

0.0872437 0.1050100 0.7330214 
0.8310716 
0.0381914 
1.0554138 
1.1856574 

1.3768812 
1.5540404 
1.7502016 
2. 

Latitude 40" Latitude 60' 

Y 

. - - . 

1 1 2 

n n n 

0.2885050 
0.2858850 

0.3050484 
0.3181886 
0.3337174 
0.3621240 
0.3755278 

0.4030212 
0.4300882 
0.4776430 
0.520Jo41 
0.5859527 

0.3245138 
0.3045024 
0.4070172 
0.6443830 
0.6268387 

0.71'22860 
0.8054182 
0. m M X )  
1.0108040 
1.1378104 

0.3130724 
0.3795353 
0.4480871 
0.6217812 
0.508W18 

0.3002848 
0.4108000 
0.4307051 
0.4.s4&,904 
0.4821972 

0.5159930 
0.5504494 
0. MI48808 
0. W 4 H 2  
0.7327666 

o.m8@34 
0.3M1ogll 
0.4217824 
0.4W6021 
0.55819Q8 

0.8738781 
0.8845540 
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