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Friday, February 4th, 1859.
Lizut,-Gex. Siz WILLIAM CODRINGTON, K.C.B., M.P,, in the Chair,

ON THE ORDNANCE SURVEY.
By Covoxer Jaues, R.E., F.R.S,, &e.

I A afraid you will find this a very dry subject, but I will endeavour
to go rapidly over the various points, more with the view of giving a
correet outline of the whole proceedings and history of the Survey, than
of going into minute details, which would be more adapted for a book
than a leoture.

The history of our Survey presents a most remarkable example of that
gradual and slow developement of just views which we often witness on
other questions in this country; and as there has been so much discus-
sion, and so many changes in the orders which have been issued from
time to time respecting it, I have gladly availed myself of this opportu-
nity to explain to the Officers of the Army and Navy, and the public
generally, the exact state of the question at the present moment.

The survey commenced under General Roy, R.E.in 1785; but the objcct
then in view was simply the production of a military map on a 1-inch scale,
and that swrvey, with considerable interruption, consequent upon_the
wars then going on, had extended in 1824 from the Land’s End to the
boundary of Yorkshire and Lancashire, including the whole of Wales.
It was then decided that there should be a general valuation of Ireland,
and that, as-a necessary basis for that valuation, there should be a town-
land survey; Ireland being divided into smaller divisions of parishe:
than England, called townlands, which are generally co-extensive with

_private properties, averaging about 300 acres each.

The whole survey force was then sent to Ireland, and the survey of
Great Britain was altogether suspended. We commenced first in the
North of Ireland, I myseclf taking part in the survey. To obtain accu-
rately the acreage of the townlands, which was at first supposed would
be all that would be required, it was decided that the scale should be
six inches to the mile; and then commenced that series of mistakes which
has interfered with our proceedings up to the present day. For no sooner
had we completed the survey of four counties, according to our instruc-
tions, than it was found. that .the. skeleton .plan, containing the mere
boundary of the townlands and the principal roads and rivers, was alto-
gether insufficient ; and that every field and garden must be surveyed to
enable the tenement valuation to be made. We had consequently again
to proceed to the North and complete the survey, and we have hardly
completed it yet, having to put in every single field through the northern
counties of Ireland. Our’ parties are now finishing it—they are in Armagh,
and have nearly completed that county; and, when that is finished, I
trust it will close the six-inch survey of Ireland. But the mistake and
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its consequences do not end there. Under the newly-constituted court,
which was called the Encumbered Estates Court, and which is now called
the Landed Estates Court; a vast amount of property is being constantly
sold ; and for the purpose of sale they require accurate plans of the pro-
perty. When you bear in mind that on the six-inch scale sixteen ‘acres
occupy one square inch only, you will understand how inadequately
represented upon that scale were the small sub-divisions of property. By
a curioys coincidence, just' as a royal commission on the survey had
recommended the 25-inch scale for the survey of Great Britain, the judges
of the Landed Estates Court in Ircland made an application, which has
received the sanction of the Treasury, for the introduction of the 23-
inch scale for Ireland, for the plans of all estates sold under the Landed
Estates Court.

The survey of Ircland was completed on the six-inch secale; and,
although it is to be regretted that it was not made in the first instance on
a much larger scale, still it was found to be of such immense benefit as
compared ivith the one-inch, that, when we resumed the survey of Great
Britain in the North of England'and South of Scotland, we were ordered
to procced upon the six-inch scale, as we had done in Ireland; and we
completed the whole of Yorkshire and Tancashire, and several small
counties in the South of Scotland on that scale. After we had completed
Yorkshire and Lancashire, and several of the counties in Seotland, there
commenced a discussion upon what was the proper scale for the plans,
which, if it is quite closed, has only just been brought to a'close; a
Royal commission, composed of many -of the most distinguished men of
the day, of which Lord Wrottcsley, President of the Royal Society, was
Chairman, having unanimously recommended the adoption of the 25-inch
scale as the national scale for our cadastral survey.

With these preliminary observations, I may proceed to deseribe the
operations of the survey itselfi The first requisite for a survey is, of
course, a triangulation. When 1 say a survey, I speak of the survey of
a great kin; dom, not of a limited district. It is absolutely necessary that
you show.’ have an accurate triangulation. And, as a preliminary to
obtaining an accurate triangulation, you must have accurate bases
measured.

Plate I. represents the triangunlation which we have carried over the
whole of the United Kingdom, from the Scilly Islands to the Shetland
Islands. The bases that have been measured, and from which all the
distances in that triangulation have been computed, were those on Salis-
bury Plain, at Lough Foylein Ireland, Misterton Car in Nottinghamshire,
Rhuddlan Marsh in the North of Wales, and Belhielvie in Aberdeenshire.
‘The two first were measured with Colby’s compensation bars, the others
with steel chains 100 feet long. (Plate II, fig. 1.)

The compensation bars for the measurement of bases, which were
designed by the late General Colby, are made in this way : a bar of brass,
A B, is firmly connected to an iron bar, ¢ p, at their centres; these are
again connected at each end with two iron tongues, E A, F B, moveable
on pivots, On the projecting portions at £ F a fine dot is made on a
piece of platinum, and it is so arranged that the distance from the dot to
the centre of the pivot at ¢ shall be to the distance of the same dot to the
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centre of the pivot at A in the ratio of the expansion ot contraction of the
iron bar ¢ D, to the expansion or contraction of the brass bar A8, By
this arrangement it will be scen that the distance between the dots at
E and F remain at the uniform distance of 10 fect under every change
of temperature. .

These bars, in the actual measurement of the bases, are laid perfectly
horizontal by means of levels, and ranged in a perfectly straight line by
means of sights upon them, and a directing telescope. -

Ta prevent any disturbance in the position of the first laid bar, when
the next to be placed in its position is brought up, a double microseope
(like an opera glass, the distance between the foci of which is exactly
G inches) is placed on the end of the bar about to be laid in position; by
this arrangement the first laid bars are never touched or disturbed, and
the exact distance of 6 inches between the focl of the microscopes is
preserved by compensation bars on the same principle as in the 10-foot
bars,

Mr, Babbage and Sir John Iercthel were present when upon Lough
Toyle 500 fdet of part of the base of seien miles were remeasured, and,
testing it by the finest dot that was made with the point of a fine ncedle,
it was found to be only the third of a dot in error; such was the extreme
accuracy with which the operation was carried on.

It is of little consequence-to obtain extreme accuracy in one portion
of a work unless we obtain the same accuracy in every other portion. The
horizontal angles of the triangulation, as well as the vertical angles and
azimuthal bearings of the stations, were measured with theodolites 8 fect
in diameter. These magnificent theodolites were made by the great
Ramsden, who made one for the Royal Socicty and one for the Master-
General of the Ordnance. - They were the first instruments which .mea-
sured the spherical excess. All the angles in the triangulation having
been observed, we had to mcounter a most formidable question, namely,
the corrcetion of the ¢ «2rved angles so as to render the triangulation
perfectly consistent in itself; that is to say, so that the sum of the three
angles in every triangle should be 180°% and the sum round every station
360°: to do that required a mass of calculation perfectly. astounding ;
and, bold as the Russian engineers are in undertaking such questions,
they were astonished when told that we had overcome the difficulty.
The calculations which we had to make involved the solving of equations
with thirty-six unknown quantitics. For my pait I have always consi-
dered three to be enough for a man with a moderate appetite for figures.
The result of the triangulation has been this: By computing through
the triangulation the length of one base from the other, and comparing
the computed length with the measured distances, we found a difference
of only 5 inches, the interval between Salisbury Plain and Lough Foyle
being from 300 to 400 miles ; and, when we compared the computed with
the measured length of the base in Aberdeenshire, there was a difference
of not more than 8 inches. Therefore we have a perfect moral certainty
that we have a triangulation (which is the essential basis of accuracy)
determined with a perfection which was never before attained.

We now come to another important point. It is also absolutely neces-
sary that we should accurately determine the figure and dimensions of.
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the earth, Suppose you have a globe that is scored over with meridians
and parallels. If a triangulation like a network is placed over it, you
will -understand that, if the globe is either too -large or too small, the
points of the angles will not reach their required latitudes and longitudes ;
and therefore it is absolutely nececssary, in extensive surveys, that we
should get a perfect knowledge of the figure and dimensions of the earth,
From our own series of triangles we computed the 10 degrees between
the Shetlands and the Ysle of Wight. If we multiply that by 86, we
get the circumference of the globe, supposing the earth to be & perfect
sphere.  If it were a perfect sphere, every degree of latitude along a
meridian would be of equal length. Bui we find, if we measure a degree
of Iatitude in the South of England, and- another near Edinburgh, and
another in the Shetland Islands, the degree is 100 yards longer at Edin-
burgh than at Southampton, and 200 yards longer in the Shetlands; this
is caused by the cllipticity of the carth or the flattening at the poles.
(Plate I1. fig. 2,

On the diagram (fig. A, 1, ¢;) is the scction of a perfeet sphere, and
the distances increase uniformly with the latitudes, But on the other
side of the diagram, a, p, ¢, is the section of an elipsoid, and you will
see that the distemces for equal latitudes increase towards the poles; by
the law of this increase we are able to determine the nature of the curve
that is followed. The earth has an cllipticity of 4, the polar diameter
of the carth being 7899-5 miles, and the equatorial diameter being 7926-5.
In this investigation we meet with a great difliculty, arising from the local
attraction of the mountains which surround the stations at which the
observations are taken. If for instance we take points north and south
of Arthur's Seat, the attraction of the mountain would draw in the
plumb-line towards it. This is made sensible by the Ievels attached ta
the instrument, the observed difference of latitude between the two sta-
tions being greater than is due to the distance along the meridian. Ilav-
ing climinated the errors arising from this cause, we can determine the
true figure of the earth, and we also obtain the data for determining the
density of the earth, we can find the specific gravity of the mountain,
and we know that the forece of its attraction is in proportion to the mass,
and in the inverse ratio of the square of the distance. - So again the
attraction of the earth itsclf is in proportion to its mass, and in the
inverse ratio of the squarc of the radins. The ratio of these two attrac-
tions gives us the tangent of the angle of deflection in the plumb-line.
If you supposo the mass of Arthur's Seat to be in the form of a small
globe (Plate IL fig. 8), whilst this large globe represents the carth, then
the plumb line, instead of going straight to the centre of the earth, will be
drawn in the direction of the smaller globe, The result of this irives-
tigation is, that the attraction of the mountain was found to be about
one-half only of what it would have been if it was of the spme specifie
gravity as the earth, and that, the specific gravity of the mountain being
275, the specific gravitv or mean density of the earth is 5-316. :

The larger triangulation, the sides of which are about 100 miles long,
having been established, it was subdivided into smaller triangles of about
10 or 15 miles a side. The triangulation being completed, the # detailed
survey * is commeneed. In the organisation of the survey, the work is
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divided into several branches of which the triangulation which I have
been describing forms the first; then follows the levelling, then. the
detailed survey, which T am about to refer to, then the preparation of the
manuseript plans, and their final publication,

The whole survey force is 1,500 men, in which four companies of the
Royal Engincers are employed, forming a military nucleus which keeps
all in order. This force is divided into scctions for each branch of the
work, In fact, we carry out the subdivision of labour to as full an
extent as a manufacturer would in any other department of work) and
we find great benefit to arise from this system. We find also that we
can now advantageously, zad at a great reduction of cost, introduce the
system of piece-work, and we have recourse to it wherever the nature of
the work admits of its adoption.

I speak in the presence of many gentlemen in the Army and Navy
who are familiar with the ordinary modes of surveying, and to whom it
is unnecessary to describe many things T am about to refer to. But, as
the sailors say, to keep the convoy together we must regulate our rate
of going by the slowest ship, The system of survey which we prefer,
when practicable, is to give a man a triangle, or half-a-dozen triangles;
he chains along the sides of each triangle, leaving piquets upon the lines
as he proceeds in such positions as he thinks most convenient for taking
the detail of the survey. Our reason for this is, that, having computed
the distances from our base line, we know, to the fraction of an inch,
what the length of éach side is, and when we see the field-book brought
in, we can tell whether-the chaining of the three sides is accurate, and
when we lay down the work on the plan, it will be scen that the cross
lines will not fit into their places, unless they are also of the exact dimen-

‘sions that they should be. Thercfore, although we do not watch the

proceedings of the surveyor, we have a most thorough check upon the
quality as well as the quantity of his work. (Plate IL fig. 4.)

This mode of surveying, viz. by chaining all the sides of the triangles,
and a great number of internal lines, all connected with the sides, is the
method we employ for the survey of the cultivated districts, The method
we employ in the uncultivated districts, and which we must employ in the
highlands, where it would be impossiblé to chain the sides of the triangles
in the way T have described, is what is called traverse surveying.

In surveying by traverses along the course of sireams or roads, the
theodolite is employed, and is first put up at one of the trigonometrieal
stations, and one of the sides of the triangle is taken as a meridian to
work from. (Plate IL fig. 5.)

The theodolite being placed in the direction of the meridian, B A, the
bearing of the first station, ¢, in the traverse is observed ; then clamping
the instrument, and chaining the line b ¢, sct up the instrument again it
¢, with the plates clamped, and after clamping the underplate, release tne
upper and take the next forward angle to ¥, and so on through the whole
traverse, By following this course, the bearings are always taken in
referenve 10 the direction of the line taken as the first meridian, because
the first observed angle, 4 B¢, is equal to the angle B¢ n, in which
position the instrument has been placed at ¢, and the line E p is parallel
to the line A B, from which we started. A similar system will be pursued
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at all the other stations, and when the traverse is closed at A, the angle
B A F, if no mistake has been made, will’ be equal to the last observed
angle A F 6. The surveyor. therefore, has the means himself of knowing
whether any error has been made ip thie angles during the course of the
traversc.

Another mode of checking the work, and which cnables us to say in
what part of a traverse any error may have been made, is analogous to
that adopted by sailors for fixing the position of any object near the coast.
If he has three points, as A B ¢, (Plate I fig. 6,) determined on land,
by taking the two ‘angles which A B, & ¢ subtend from a boat at b, he
fixes his position, because there 'is only the point » where the two
circumscribing circles intersect cach other, from which they could have
been observed. By taking the bearing of the trigonometrical station,
the traverse surveyor fixes his position in like manmner, and provides
checks for his work as it vroceeds.

I will next refer to the levels. The datum level assumed for the survey
is that of mean tide. (Plate IL. fig. 7.) The tides, from high spring
tides, continue to descend from day to day, till they come down to neap
tide, again rising to spring tides; thus oscillating daily above and below
the level of mean ‘tide, which is the datum which we take, and all our
levels are referred to -that point. -We take tidal observations at a great
number of placés all round ‘the coast; and level along from ome to the
other; we thus establish a series of levels, which again become points of
reference for branch lines of levels in every direction. These again become
the initial points from which contours can be set off, and the data obtained
for making a model. An ordinary survey gives the plane surface of
the ground only, but a contoured plan gives the data for a mod ., for it
gives us the relief also.

Having described our methods of surveying, we must refer to the series
of maps which the Royal Commissioners have recommended the Govern-
ment to adopt, and whicl, subject to the approval of Parliament, we are
ordered to go on with. For towns we have the large survey on the one
five hundredth scale, 500 fect being represented by 1 foot, ur 42 feet by 1
inch,

For the parishes we have the 25-inch seale, which has been so much
discussed. The 25-inch scale, which is equal to 1 square inch to an acre,
is limited to the cultivated districts.

For the uncultivated districts of the counties, the scale is 6 inches to
the mile, the 25-inch plans of the cultivated districts being reduced to
the G-inch scale, so as to complete the counties on one uniform scale.

We again reduce the 6-inch plans to the.l-inch scale, to form the
ordinary 1l-inch map. 'Therefore, for certain portions of the country we
have four scales. One great object in having this series of plans is to carry
into effect that great measure which I believe to be most important for
the agricultural and commercial inteiests of this country, namely, the
facilitating the transfer of property. It isa question which, as I see by
Her Majesty’s speech from the Throne, is now at the commencement of
this session to be taken up by the Government.

I propose now to explain the manner in which we make the feductions
of the plans by photography. Having that series of maps to make which

YOL, 11, D
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1 have described, it would be the most tedious and expensive thing ima-
ginable, having the large plans upon the 25-inch scale, again to replot
the 25-inch to form the G-inch, and again to replot the G-inch to the
1-inch, it being at the same time necessary that everything should be
represented accurately. Seeing the enormous amount of labour involved
by the whole process of reduction by the pentagraph, 1 directed my
attention to the possibility of getting some other method; and, although I
was at first discouraged by the photographers whom I consnlted, I have
now entirely succeeded by means of photography, and I may say with
absolute accuracy ; for a commission, of which Sir Roderick Murchison
was chairman, has investigated the subject, and it is stated in the report
that the greatest error is the one four hundredth part of an inch; there-
fore, practically, we may consider the reduction as being absolutely
correct. In making the reductions we use the ordinary collodion process.
[Several of the negatives itere here exhibited, as well as a great number of
positive impréssions which were produced from them.] In some instr.aces
several sheets have been joined together, and by the manner in which
they join, it was cvident that they were perfectly accurate, for if they
were not so, the lines would not correspond. The success which we have
achieved is, perhaps, more important as a question of time than of m¢ 1ey;
for the question was, how it was to be done at all, so as to get out the
maps in any reasonable time ;. we now find that by the aid of photography-
we can strike off any number that may be required in a short time, and
without the slightest difficulty. With regard to the saving of money, it
saves us at the present moment, in wages merely, upwards of £1,600 a
year; and if the survey should be continued on the large scale, it would
save £32,000, or not less than £40,000 in all.

The next thing was to introduce an expeditious mode of publishing the
plans on a large scale. We first tried the system of lithography, but we
cventually determined to try zincography. In the first place, the litho-
graphic stones were enormously expensive; secondly, they were of tre-
mendous vweight, being several hundredweight to lift 5 and, what was still
worse, when they had cost us £4 or £5 they frequently broke. We
therefore determined to try zincography. In that attempt we have
succeeded beyond all expectation ; and I take no credit to myself for it,
because I have been assisted by intelligent non-commissioned officers and
others who carry ottt onc’s ideas in a manner most gratifying to me.as
superintendent. [4 small press was here exhibited to show how the
operation was performed.]

Colonel ‘James then proceeded : I should have explained before, that
Corporal Neil has placed in the press a thin piece of tracing paper, which
is laid over a plan and traced ; all the figures referring to the fields, the
acreage of which is given, are put in by mechanical means; not only is
that done upon the tracing, but it is also done upon that which may be
called the manuseript map. We have electrotyped the stamps, and the
result is, that when the plans come in from parties stationed in different
places, as at Perth, Newcastle, and Carlisle, for instance, you cannot tell
one from the other—Corporal Neil has one of those tracings. You will
see in a short time that he will produce a plate: the impressions will
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not be quite perfect at first, but if you want 500 they will improve as
they go on.

After we have reduced the plans by photography, it is necessary
to engrave the 6-inch sheefs upon copper. It is so arranged that
16 of the reductions exactly cover the area of one of the sheets
of the O-inch survey, and therefore the reductions can be brought
into their exact positions by placing the tracings from them over the
marginal lines and trigonometrical stations as drawn upon the copper
plate. The engraved work is cut into the plate; but we have introduced
& great number of mechanical contrivances, as for making the letters,
stamps for the trees, and ruling machines for the tints, and so on, which
economizes the labour of engraving; the result is, that we produce the
plates from which the impressions are taken as you now see them, and at
a very much diminished cost as compared to what it was formerly.

We now come to the sketching of the ground. We take the 6-inch
impressions and put them into the hands of the field-parties to sketch
the ground on. It was useless labour to make a reduced copy in manu-
seript when we had the engraved plan which we conld give the men, and
therefore we use the engraved impression. The ground having been
sketched by the field-sketchers, as we term them, a drawing from the
field sketch is next made on an outline impression on the 1-inch scale,
and from that is engraved the 1l-inch map which the public receive.
You will observe the necessity of having the intermediate hill drawing,
which requires a very first-rate artist to draw: this is a step which we

" should be very glad indeed to get rid of, and I have had a great number

of experiments made with a view of effecting that object, and to get a
copy by photography of the original sketches, straight down upon the
plates, without the intervention of that drawing. I have here four expe-
rimental sheets intended to be sent to India, and I think we have in
that'trial sheet alone a pretty good proof that we shall succeed.

Any gentlemen who have examined the old sheets of the map of Eng-
land must have observed how very much the plates have been worn in
printing, and it has been a source to us of constant expense, and I may
say of shame, to be continually repairing our plates and giving to the
public very damaged and bad impressions. We now get 1id of the
whole of that difficulty. As soon as an original plate—of Edinburgh
for example—is engraved, we put it in the electrotype battery (Smee’s
battery). Upon that original engraved plate we throw down by the
battery a plate which is called the “matrix,” and which is therefore in
relief, and then again we throw down another plate upon the matrix
which is the exact duplicate of the original plate; and so, for the mere
expenditure of zinc and acid, we are enabled to produce any number
of exact duplicates of the original plate. It is impossiblé to exag-
gerate the advantage which this has been to ws. In the first place
Sir Roderick Murchison, for example, requires a special map for his
geological survey, and we take a plate for geology, leaving our original
plate untouched. Again, we require indexes to the counties, examples
of which are on the wall, and we take another plate for them. The
indexes to the survey are by counties, whilst the engraving of the

p2
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1-inch map is by rectangular sheets. To make the indexcs,\ve simply
cut out those portions of several matrixes which would form one county.
These several parts are then put together, and the clectrotype copy taken,
we are thus cnabled to bring out the county.map, which is a most beau-
tiful engraving, and yet the hand of man has never touched it.

The accuracy with which these duplicates, made by the electrotype
process, are made, and the manner in which the metal finds its way into
every crevice of the engraving, is to me one of the most wonderful things
I know of, and the more I contemplate it, the more astonished I am j if

‘you take a microscope and compare the duplicate and the original, not

the slightest differerice can be discovered between the two. But still.more
astonishing is the process called acierizing, by which a steel surface is put
on the copper duplicate, the object being to prevent the wearing away of. the
plate under the printing operation., We have exan ined the impressions
from the acierized duplicates, and we' canuot, even with the microscope,
find any difference between them and the original. When we consider
how extrémely minute the particles or atoms of metal must be, to pro-
duce such a result, it is quite wonderful.

I think I have given you an outline of nearly all of our operations.
It could only be an outline in the time allowed for a lecture of this kind ;
but I trust-it will be sufficient to shew you that the survey has assumed a
character altogether different to that from which it started, and altogether
different to that which it had assumed in the south of England. Our
large-scale plans have been hitherto confined to the north of England and
to Scotland. .- And when we hear gentleman saying that this large scale
is an abominable Scotch job, I may remark that we had done a great deal
more in England than in Scotland on the large scales. We have never
made any distinction between the swrveys of England and Scotland; it
was the survey of Great Britain -which was going on. We have now
large parties:stationed in Cumberland and in Northumberland, and we
shall have made great progress in those ‘two counties by the end of this
year, so that'we. shall shortly be .able to close the gap which now exists
between the surveys of England and Scotland.

VWith regard to the estimates for this work, we have this most sur-
prisirig result. from the different changes which we have made in the
mode of conducting the work, and the introduction of all those mecha-
nical appliances which I have attempted to describe. We have reduced
the estimate made by my predecessor, and which is published in the cor-
respondence upon the survey in a Parliamentary Paper, and find that the
actual cost (for it is not an estimate any longer) is Jess than one-half the
cost . at which it was originally estimated. It was estimated by Colonel
Hall at 2s. an‘acre, and we have reduced it to 113d., but I will stick to
1s. to- provide for contingencies. The difference of the cost, however,
is such, that wpon the average annual expenditure upon the survey, it is
cquivalent to'an annual saving of £60,000.

I have concluded the observations which I think it nece. sary to make
with reference to the Ordnance Survey, but I have been requ sted by the
Council of this- Society to explain the nature of the projection of the
sphere which I havé made, and I shall be happy.to do so, because it is
likely to become a very useful one, especially when we want to embrace
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Plate 3.

GEOMETRICAL PROJECTION
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a large- portion of the earth’s "surface at one view. The geometrical
projection of the hemisphere, -which .is:known as the . stereographic
(the earliest known projection of the hemisphere) was made by Hip-
parchus 200 years before the birth of Christ; but it is a curious circum-
stance that up to the present time it seems not to have vccurred to any
one to make a'geometrical - projection of more than a hemisphere. It is
remarked : by Sir John Herschel in his Qutlines of Astronomy, that Fal-
mouth is the centre of the hemisphere- which embraces. the . greates’
amount of land and the great centre therefore of men. - In verifying this
fact on a globe it occurred to me to inquire what would be ‘the- centre of
all the land, and I found that a point in:15° cast longitude and. 23° 30
north Jatitude, was the centre of a circle embracing Europe, Asia, Africa,
America, and a part of Australia, including two-thirds of the surface of
the sphere. The question was, how that could be represented.’. It seemed
like an impossibility to' do so, but it occurred -to me that the difficulty
might be got over by imagining we were looking into the sphere and not
at it,  The projection is made in this manner ; the eye or point of pro-
jection E is at the distance of half the radius from the.sphere, A B ¢ is
two-thirds of the sphere, and A ¢ the plane of projection, on' which from
the point E all the interior surface of A B ¢ would be seen. (PlateIl. fig. 8.).
‘By adopting the position shown for the axis of the earth, I get the
north pole or the south pole, as it may be, at the limit of the projection.
Many gentlemen who have seen these projections, and Sir Charles Lyell
and others, have said that it is'the first time they ever thoroughly under-
stood the relation of one part of the earth to the other, for you cannot sce
it by looking at a globe or at Mercator’s projection; and if you attempt to
get it from the two hemispheres, your eye is thrown out, and you cannot
comprehend it; but in this projection (Plate IIL) you get everything
round the poles, and you see the accurate relation of one part io another.
Upon this projection I have laid down what are called the lines of equal
magnetic declination, and you will see how all those lines converge upon

-the magnetic pole, and upon the true pole of the carth, I have a similar

projection for the southern regions and the Pacific Ocean ; and we have
also applied it to the projection of the stars. In this latter case it is
essentially like looking into the vault of the heavens; and instead of a
representation by six separate plates, as you have in Sir John Lubbock’s
gnomonic projection, you have two-thirds of the sphere represented at
once. This projection is also particularly well suited for the representa-
tion of the isothermal and iscbarometrical lines for exhibiting the direction
of the winds and currents, and, as I have before said, all the great physical
facts for the comprehension and exhibition of which we require to have
before us the greater portion of the earth. :

[Corporal Nel struck of, during the leclure, some impressions from a
zinc plate, which were exhibited, and whick are now deposited in the topo-
graphical depariment of the Institution.]

This mode of preparing a plate for printing is exactly the reverse of the
engraving process. In engraving the engraver cuts into the copper, and
the ink is rubbed in previous to taking the impression; but in this
process the tracing of the plan, traced with greasy ink, is laid on the
zine; the grease of the ink coming in contact with the surface of the zinc
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adheres to it ; a very weak solution of gallic and phosphoric acids is then
applied, which acts upon the cxposed part of the plate, while the oil of
the ink preserves the plate where there is any writing or drawing. The
cffect is that the bitten portion will not receive the ink, and the unbitten
or greasy surface will, as in lithography.

You .see the importance of having a simple, expeditious, and inex-
pensive mode of producing this 25-inch map, by which it is brought
home, so t6 speak, to the door of every man, for little more than the
value of the paper. We arc able to strike the impressions off at the rate
of 1,000 a day ; and cverybody buys when they can be got so cheaply.
The Government does not scek to make a profit out of them ; the survey
has been paid for in the taxes, and therefore it lets the people have the
copies as cheaply as possible. I advocated this strongly before the Com-
mittee of the House of Commons on the survey, though a great number.
of gentlemen gaid “ No ;- make the survey and lock it up.” The advan-
tage of this process is, that it is so cheap that the sale of the maps
covers the entire cost of the publication. And I will close my observa-
tions by saying that, whatever may be the case’ in other things, the
public in this matter get their money’s worth for their money.

Chatrman.—Before we part, our thanks are due to Colonel James for
his Jecture. Instead of its having been a dry one, it has been very much
the contrary. ‘The subject is one which is becoming more and more
important to financial as well as to military people. And I beg to tender
our very cordial thanks to Colonel James.




