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PREFACE

TO

THE SECOND EDITION.

Since the First Edition of the ¢ Field Book,” the author has
found, through conversation with numerous friends, that it
would be advisable to enter more into detail as to the ap-
plication of the Tables. He has therefore given, in the Intro-
duction to this Second Edition, an explanation of the system
of levelling with the theodolite, by which the student may
perceive how rapidly a network of trial levels may be ob-
tained over a very extensive area through a hilly country;
and also of the system of traverse surveying and plotting,
more particularly as applicable to the working surveys re-
quired through thickly populated districts, where great ac-
curacy in the plans is necessary.

For those who object to the theodolite, a set of tables has
been given for setting out curves by numerous offsets from one
tangent. The author has besides added, in this Second
Edition, Earthwork Tables for every 6 inches up to 80 feet

« deep; anda Table of Gradients, which will be found to reduce-
very considerably the labour of preparing working sections.

A2



INTRODUCTION.

Ir is not unworthy of remark that, whilst every branch of engineering,
with two. exceptions, has, during the last thirty years, been progressing
with ‘giant strides,” the exceptions, land surveying and levelling,
remain exactly where they were ; this, of course, is the general rule only :
there are exceptions, no doubt, numerous. Taking into consideration the
great advantages of the present day, in the shape of ardnance maps,
tithe plans, improved instruments, and the gradients and carves which
we may now adopt, it is doubtful whether, generally speaking, surveyors
know as well now how to pick out a line of railway as the professional
man of a quarter of a century ago. This was about the only reproof
made against the engineer by Lord Redesdale in his late ¢ raid’ on rail-
way people generally. His lordship observed that railway plans were
not sufficiently studied ; the observation is not a whit more flattering to
the writer than to his brother professionals, but he submits that it is
true.
It would, of course, be unfair to apply this observation to those cases
where a professional man is sent down at the very last moment, when
there is scarcely time to prepare any plans and sections whatever, afte)
merely giving a glance at a country, where he can very often barely se:
a mile ahead. The condition now more particularly referred to, i

where the engineering surveyor is engaged in actual exploring or tria
levelling for the selection of a line of railway at home or abroad, an:

as to the most expeditious method of obtaining sufficient levels to ensun
the best passes, the most favourable starting-points when we are a

liberty to select, and the best points or thereabouts along the line so as
to avoid heavy works. These circumstances necessitate getting over ¢
wide expanse of ground in a short time, and this can be done-only by
adopting suitable means.

The ¢ good old times’ have passed away, when we laid out railways
through flat and undulating countries; with very few exceptions, these
territories are all fully occupied, and the engineering surveyor, in pro-
Jjecting lines of railways at the present time, must make up his mind to
wind along hills and over mountains. Not only the ground is broken
in every direction by chains of lofty hills, but out of these run numerous
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spurs and valleys which require close study before anything like a
good line can be laid out amongst them, even after a particular general
route of country has been determined on as the best, purely from an
engineering point of view. In such districts as are now referred to, the
hills very commonly rise and fall 50 and 100 feet within very short
distances, such as 100 or 150 yards; not only is it necessary to have
levels over such ground, so as to avoid as much as possible very heavy
works, but the pass has often, and indeed most generally, to be kept in
view, whether it be very high or very low ground; and not only the
ground rises and falls in numerous places at the rate sbove mentioned,
for distances of 100 and 150 yards, but often also at the same rate for
ten times such distances.

Again, before the general route above referred to can be determined

_ upon, ‘the country for & mile or two right and left, and often much
more, requires examination, not merely by the eye, which in really hilly
countries is very likely to deceive, but by some rapid instrumental ex-
ploration ; and it is only when this has been done that the best line
generally can be discovered. The work more particularly referred to
now, is railway work at home, where we have often a severe par-
liamentary ordeal to go through ; this we observe advisedly, for unless
we have opposition, it matters very little, except as regards expense,
what kind of a line is brought forward.

Notwithstanding all these difficulties, however, which have sprung up
naturally, and simply from our having to project our works under cir-
cumstances generally so very different to those of twenty and thirty
years ago, we adhere, with only a few exceptions, to exactly the same
instruments, and the same mode of using them as we did then. The
reserve, however, of & few exceptions has been made, because there are
engineering surveyors who have adopted a totally different method of
going to work, and mostly they arewell and profitably employed ; but in
subjects of this kind we cannot refer to exceptions, and we can only deal
with the general state of things as we meet with them.

The only instrument still generally employed for getting explore levels,
even over the most hilly country, is only and simply thelevel in its ordinary
form ; and, however expert the observer may be, he will not get over a
hundred feet rise in much less than six observations: with the theodolite
this is done at one sight, that is, with five-sixths less trouble and time.
The ordinary mode of using the level for trial levelling, is to begin at
some particular point, and to wind up and down with instrument and
staff along the sidelying ground proposed to be adopted, and so get a
few levels right and left, these being referred to in the level book, and
on a plan by letters or numbers. One trial line having been got over,
another line is tried in the same manner; but, from the nature of the
instrument in its simple form, the work is slow, and in hilly countries
confined to very narrow limits.
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Two or three instances which have occurred within the anthor’s ex-
perience, will perhaps tend to explain the different results that are to |
be obtained from trial levelling with the theodolite, and with the level
in its ordinary form.

It is now some years since, that a line of railway was laid out, and
even stumped out, through a mountainous country, and the construction
of which would have involved about 2} miles of tunnel through a very
hard rock, containing large quantities of water ; this was independent of
very heavy cuttings and some lofty viaducts. The works altogether were
80 expensive that some thoughts were entertained of abandoning the
whole concern as not likely to pay. Let it be distinctly understood that
the men who had laid out this line were thoroughly able and experienced,
but the only instrument they had used was the level ; for some six or
seven miles of approach to the tunnel, they were confined in the gorges
of hills rising some four ¢r five hundred feet on each side, and they
could not get out of them.

Under the circumstances above mentioned, a new order of things was
established, and the theodolite ‘'was brought into operation for trial
levelling. In about three weeks a new line was found ; two short tunnels
were substituted for the long one above referred to, with practicuble
works of approach.

On another occasion, of much later occurrence, after about six weeks’
trial levelling, with the level, by a gentleman of first-class experience
and abilities, plans and sections were deposited for a short line, which
showed two tunnels, one of which was upwards of a mile and & half in
length, with very long and heavy embankments on each side, one of
which, for a considerable length, was 80 and 90 feet deep. The deposit
was made, but no further motion was taken in the matter; and not only
this, but a line between the two places was given up as impracticable.
Under this state of things the subject was taken up by another engineer;
he trial levelled for a line between the two same places, but with the
theodolite, and in & short time he obtained so many levels over an ex-
tensivo area, and over totally different ground, that he obtained & line
with only a quarter of a mile of tunuelling, all other works being of
quite an ordinary character.

The writer will mention one more instance to show how easily the
eye, even of a well-practised man, may be deceived in the matter of
levels in a hilly country. A professional man of extensive practice had
been told that in a particular place, through which he was running a
line, he would there have a tunnel; but he was quite satisfied, from
what he could see, that he should only have some 40 feet of cutting.
‘When, however, the deposit was made, the section showed 300 yards of
tunnelling, with a depth of 110 feet.

The above instances have only been given to demonstrate practically
to those who are not in the habit of using the theodolite for taking trial
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levels, that the practical application of the instrument for this particular
purpose has led to most important results; and it was only because the
writer had had most satisfactory experience on the subject, that he cal-
culated the tables given in this volume, and which are equally applicable
to the best and most accurate style of surveying, that is, surveying by
traverse. This in no way refers to Parliamentary work.

As regards these tables and theodolite levelling, it is now about two
years and a half ago that he had occasion to take some levels through a
valley amongst the chalk hills in the south of England; besides the
main line there were 37 cross-sections, each of which was about half a
mile long, each falling from 350 to 500 feet, and then rising 500 and
600 feet on the other side; in a week, thanks to the theodolite, the
work was accomplished, and, with the assistance of the tables, then in
manuscript, it was very rapidly cast out, reduced and plotted, just in
the same way as in the ordinary level book, angles of depression and
elevation being taken, instead of heights in feet, for back and foresights.

To the practised engineer, it must, of course, be needless to explain the
manner in which the levels for a. section are taken with the theodolite ;
but the writer having met with many who really had no idea about it,
he will not apologise for now giving a full explanation, the more so that
sach matter is always useful to students, and will in all probability
become more 8o at some future time, when theodolite levelling- will
become common practice.

" LEVELLING WITH THE THEODOLITE. — CASTING-OUT
LEVELS AND REDUCING BY THE USE OF THE
TABLES.—PLOTTING SECTION.

Ler A0B be an angle of elevation of 20 degrees, measured with the
theodolite placed at o, whilst a staff has been held at A ; and let the
distance from o to A measure 100 feet. 0 A=100 feet is only the length
measured along the surface of the sloping ground; Bo is the true hori-
zontal distance, and B o is the cosine of the angle of elevation; and A B
is the difference of level=to the sine of the angle of elevation. By
means of the tables we get the lengths of both these required lines. At
page 64, we find that for the angle of 20 degrees, and for the measured
length 100, the horizontal distance for difference of levels is 93'969 ;
this will be equal to Bo; and at page 65 we find that the difference of
levels for this angle of 20, and measured length of 100 fect, is 34:20;
this will be equal to o B, and will give the rise, or height of A
above o.

We will now apply this to the diagram of a section, p. ix.; 1, 2,
3, 4, 5, 6, are the stations for placing first the levelling staves, and
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then the theodolite; for instance, the level of the ground at station 1
having been previously ascertained, the staff was held at station 2, and
the theodolite set up at station 1, paying proper attention, of course, to
the verniers of the vertical limb and to the bubbles. The centre of the
instrument is found to be 4°10 feet above the ground; then the telescope

ELEVATION
20 DECREES.

ANCLE

COS/NE OF ANCLE OR
HORIZONTAL DISTANCE.

SINE OF ANCLE
OR RISE _OF GROUND

18 directed by vertical motion to 410 on the staff held at station 2 ; the
vernier is clamped, &c., and the angle of elevation is read off, 9° 50’
entered in the book, and the distance is measured along the sloping
ground, 410 feet. The theodolite is then removed, a staff left behind at
station 1, and the instrument carried to station 2, the staff from which
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x INTRODUCTION.

is sent forwara to station 3; the theodolite is then properly set up over
station 2; the height of the instrument above the ground is now found
to be 51 feet ; then the telescope is directed to 51 on the staff held at
station 1, and the angle of depression on the vertical limb should be
found to read exactly 80° 10'=90°—9° 50. The telescope is now
turned to the staff at 3, the angle of elevation read off, entered
in the book, and the distance from station 2 to station 3, equal to
800 feet, is measured and also entered. The instrument is then removed
from station 2, some peg or mark being left there, in order that the
staff-holder coming forward from station 1 may find the exact spot. The.
instrument is now carried forward to station 3, and properly set up as
before; the staff from station 1 being now held at station 3, and the
centre of the instrument being 4°15 feet above the ground, the telescope
is directed to 4'15 on the staff at 1, and the angle of depression is read
off and entered. The telescope is now turned to the staff held at 4, and
directed to 415 (the height of the instrument above the ground); the
vernier is again clamped, &c., &c.; the angle of depression is read off
from the limb, and entered in the book, and the distance, 405 feet,
measured along the ground, entered also.

The theodolite is now removed to station 4, whilst the staff is brought
forward from station 2 to station 3, and the other staff is carried for-
ward to station 5; the instrument being now placed at station 4, we
take the angle of elevation on to the staff held at station 3, and then the
angle of elevation to the staff held at station 5, exactly in the manner
already explained, and we progress in this manner to the end of the line.

Let us now refer to the field-book in which the observations are

recorded.

Total
Measured | Reduced |5 | Reduced
Back Angle | Fore Angle | Rise Fall | 7o gths | Levels Sduoed) 1 3

Feet.

24000 | -5000
9-50E | 70-02 410 31002 | 5405 405
80—10D | 2-20E | 3257 800 342:69 | 6204 799
87-40D'| 10—15D 7207 | 405 270°52 | 6602 398
79—45E| 9—156E | 9001 560 36053 | 7166 5563
80—45D | 2—35E | 8515 782 395:68 | 7934 781
87—-25D | 7-15D 76:35| 605 319-33 | 8534 600

83-45E

It will be observed that the back angle is a complete check upon the
whole of the fleld-work.
The rise and fall are obtained from the tables of ¢Differences of
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Levels,’ and the reduced lengths from ¢ Horizontal Distances for Diffe-
rences of Levels,” merely by removing the decimal point to the right
or left.

The levels having been cast out, and reduced in the ordinary manner,
and the reduced lengths added up in the column ¢ Total Reduced Distance,’
the section is plotted in the usual manner.

It will be observed that in the diagram explanatory of the mode of
plotting the levels, only the leading points have been noticed on the
section : small inequalities are quite secondary considerations in taking
trial levels over a hilly country, but there is nothing to prevent inter-
‘mediate depressions in the ground being noticed on the flypage.

. It will also be observed, that besides the angles of depression and
elevation taken along the main line, we may also take observations right
and left, the levels so obtained being quite as valuable for our purposes
as those obtained from the main line. It is indeed the great facility
with which these side levels are obtained by the means of theodolite
levelling which makes the system so valuable; from the rapidity with
which the work is done, a difference of 200 or 300 feet in levels, or
much more, being obtained at one sight, quite as easily as 8 or 10 feet
with the ordinary level ; and when the instrument is supplied with a
micrometer, the distances are read off rapidly, quite near enough to all
intents and purposes, without chaining. In the diagram and example
of fleld-book given here, no reference is made to side levelling, in order
that there may be no confusion in the elementary explanation of elevation
and depression, and the corresponding rise and fall, and reduced distance.
After what has been just said, it cannot fail to be observed, that for ob-
taining levels over the ridges enclosing large areas of watershed, the
system is very rapid, and equally valuable for taking cross sections in
very sidelying ground, in matters of deviations. It is by these means
that a great number of levels above a given datum are written in on
maps or plans; and as regards railway engineering, there then remains
but little to do in determining the direction of a line, in ascertaining
pretty accurately the nature and extent of the works, as well as the
gradients and curves to be adopted. With such documents at hand, it is
easy to avoid sending in ill-studied plans and sections.

But very few engineers, if any, were better acquainted with all the
details of engineering field-work than the late Mr. Gravatt ; and he was
perfectly aware that, even inhis working-days, thelevel by itself was very
limited in its capabilitiesfor trial levels, and to increase its usefulness, for
the purpose of trial levelling and cross sections particularly, he added the
appliances shown in the accompanying diagram, in which it will be seen
that A and B are two plain sights, which are so contrived that they are
shipped and unshipped with the greatest ease; A has a vertical slit and
two horizontal ones ; B has a fixed vertical horsehair, and is also pro-
vided with a slide, D, carrying a cross-hair, which intersects the vertical
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Torsehair higher or lower, according as the slide is moved up or down,
#The slide » is also provided with a vernier on each side of the broad
arrow —>, by which the divisions engraved along B are subdivided into
tenths and hundredths. Thedotted line, DE, shows that this contrivance
affords a most ready means of obtaining the rates of inclination of any
sidelying ground, or, as will be presently seen, any difference of level.
The depth between the horizontal slits of A is made exactly equal to
the whole of the divisions on B, which whole is made by the maker
exactly equal to some decimal fraction of the horizontal distance between
A and B, which in the instrument before us measures exactly 10 inches.
rThe whole of the divisions of B is equal to 2 inches, or } of the dis-
gance AB; one half, therefore, of the divisions is equal to 1 inch, or %

of the distance AB; and as this inch, or J of aB, is divided into 10
equal parts, each subdivision is equal to {15 of AB: two subdivisions
wwill be 13; and three will be y2;, and twenty will be &% ; and these
hwundredths will give the rise or fall per hundred (any wunit of
T easurement) horizontal. .

) Tlfe 1nstrument is used in the following manner. When an observa-
'bt: ©X2 18 required to be taken, a staff-holder is sent on to the given spot ;
‘- an elevation is to be taken, the observer applies the eye to the Zower
:_gl::zg:litul slit, a.nd.the cross-hair of the slide » is made to coin-
e th that reading on the staff which is equal to the height of
el .nsuu!;:nt above the ground; there only remains to take off the
on, agn'd the d‘agl‘am, the cross-hair intersects above the 12th Qivi-

e by meuns of the verner (the divisions of which
Shown in the rnier (the ons ch are too small
ole Teading wi gg‘u'e), we find the subdivision to be ‘53 ; then the
thh e xate of 1 2“'11163 © 12-53, which means at once that the ground rises
22 205, @red foot Per hundyeq horizontal—as, for example, 12:53 feet

€ angle of ,.z . i’. .

>20er horizonteq :WH % i to be taken, the eye is of course applied to
t. In the figure before us, with the slide still at, p,
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we find the arrow intersects a little below 7 subdivisions, and the excess
we read off by the vernier (the upper side of the arrow) to be 47 ; the
reading will therefore be 7-43, which means that the ground falls 743
feet per hundred feet horizontal.

Now, we have observed above, that ‘the cross-hair of the slide is
made to coincide with that reading on the staff which is equal
to the height of the instrument above the ground.’ It may be added
that, for all ordinary purposes, it is unnecessary to use a levelling-staff;
it will be generally sufficient to send a man to the required spot, where
he may hold up a piece of white paper at the height of his neck, or
thereabouts, according as the instrument is higher or lower above the
ground. For short distances, this will answer all practical purposes,
where rapidity is more requisite than extreme accuracy of fractions of feet.

An approximate level may, however, often be required for some con-
siderable distance. For instance, let us suppose that an elevation has
been read off of 27°47, and that the distance, measured along the sloping
ground, is 460 feet ; required the total rise, and the horizontal distance
from the observer to the point observed. Refer to Table I., and under
the column ‘Rise or Fall per Hundred Horizontal,” look for the given
reading 27-47, or the nearest to it; we find this, or 2742, at page 15,
and it coincides with the angle of 15° 20’'; now look for this angle in
Table II., where we shall find it at pages 64 and 56; the angle of
16° 20/ gives for 400 feet, difference of level, 105-77

and for 60 feet . o 15-86

Total rise or difference of level = 12163

Similarly we find the horizontal distance :
For 400 feet, horizontal distance, 38576

For 60 ,, » » 57-86
Total korizontal distance from =443°62
instrument to observed point }

In this instrument of Mr. Gravatt’s, as made by Archbutt and Sons,
the plain sights also enable an observer to take a bearing, or horizontal
angle, with considerable accuracy, whilst the divisions on the cap or
sunshade will enable him to take approximate angles of elevzmon or
depression, which will often be found exceedingly useful.

To the young practitioner and student, and to those generally who
have never taken levels by any of the means here mentioned, it may be
as well to make a few observations as regards the above example.
The rise per hundred feet horizontal we find to be 27-42, and the
measured distance along the slope is 460 feet ; if 27°42 had been mul-
tiplied by 460, we should have had 126:13 for difference of level, or an
error of about 5 feet. This is mentioned to make it perfectly intelligible
that the readings we get on the scale, are the ratios of rise or fall per
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hundred feet horizontal ; in the next place we may add, that of course,
in taking the observations, it is necessary that the bubble should be
exactly in the centre of its run, in the same way as though the observer
were taking ordinary levels.

THE ELEMENTS AND PRACTICE OF TRAVERSE
SURVEYING.

TrE correct practical principle of working a traverse on the ground
consists of the best method of reading the angles round any regular or
irregular polygon, and measuring the lengths of the sides. From these
angles and lengths certain calculations are made, which enable us, with

no other instruments than a straight-edge and set-square, to lay the
work down on paper with any degree of precision. Table II. gives these
calculations all ready to the surveyor's hand. ,

Let A0r be a regular octagon, which we propose going round with
the theodolite, starting from A. Let A X be the magnetic north; zero on
the horizontal limb is made to coincide exactly with the needle;* in the
next place, the angle xAB is taken, which will here be 22°—30";
90°—22° 30'=67° 30'=the angle B A ¥, to which BF is the sine, or
departure, and A ¥ the cosine, or latitude, given in Table IL,, aa already
fully expluined above. Now, in the regular octagon, each of the angles
at the circumference, that is, ABC, BCE, CEH, is equal to 135 degrees.

The intersecting angles at B,=360°, are made up of A BD,=180°,

* In Mr. Hoskold’s Transit Theodolite, constructed by Messrs. Archbutt, the
compass is nearly twice the ordinary size, and quite free and open, so that it can
be read very accurately.
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plus A B ¢,=135° and p B ¢, which will be equal to 45°. It will be the
same thing, of course, at o, B, &c., as in the regular octagon given the
angles at the circumference are all equal to each other.

We will now return to the theodolite, which we have left all clamped,
and reading 22°—20’. The length AB being measured, the instru-
ment is to be removed to station B, and there set up exactly over the
point B, which is done by the shifting of the legs, so as to make the
plumb-bob hang exactly over the right point. ~The next adjustment is
to bring the bubbles exactly to the centres of their runs; this places
the instrument in Aorizontal adjustment, so that the angles taken shall
all be horizontal. This is effected by means of the parallel plate screws,
two of which are shown in the figure at A and 8. The instrument being
correctly placed at B, we have now to bring the reading 22°—30’ to bear
exactly on point A, where, of course, a pole is held up, care, however,
being taken that the intersection of the wires of the diaphragm shall
be exactly on the foot of the pole, whilst the vernier, as last fixed on
the limb, remaina perfectly untouched.

To do this, the clamp cisslackened, which allows the whole of the in-
strument to be turned round bodily on its axis, without any portion of
the upper part of the instrument being moved in the least degree. The
theodolite is now to be turned round, whilst the observer looks along the
upper telescope, which he directs towards a, or through the plain sights
s, 5; when the intersection of the wires of the diaphragm* (which, for
the sake of brevity, we shall in future call the sight) pretty nearly
coincides with the station A, the clamp c i tightened, and the
contact of the perfected sight with the foot of the pole at A, by means
of the tangent-screw p, which allows of the most delicate and regular
horizontal motion of the instrument.

This perfect contact being effected, we now release the verniers,
which are shown at B, by slackening the upper clamping-screw r; the *
telescope is now turned round to station c, and when the sight is nearly
in contact with the foot of the pole, screw ¥ is tightened, and, by means
of the, tangent-screw, the contact of the sight is perfected. We can
now take off the reading of the vernier on the limb, reading with perfect -
accuracy by means of the magnifier 1. The magnifiers in this instru-
ment are, by a particular contrivance, made to move with the greatest
possible convenience, which is a most important thing in getting an
accurate reading on the limb. In the present instance, the reading will
be 247°~30'. The length of B¢, being measured, the instrument is
now removed to station c, with the reading on the limb (247°—30’) left
untouched.

* In order to see the wires of the diaphragm clearly and comfortably, it is neces-
sary to draw out the eye-pi G very dually, until the wires appear sharp and
well defined. This must be done delicately, as even the sixteenth of an inch back-
‘wards or forwards makes a great deal of difference.
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The theodolite being now set up at c, in the same manner as at 4 and
B, the clamp-screw ¢ is slackened, the upper telescope is turned on to
pole left at B, clamp-screw c is then tightened, and perfect sight com-
pleted by means of tangent-screw . Now release clamp-screw ¥, turn
the telescope on to s, tighten ¥, and complete the contact of sight by
means of tangent-screw H. The reading on the limb will now be found
to be 112°—30". This operation is completed until we have gone over
the ground from end to end.

Let it now be observed that the reading at B was 247°—30’; this,
deducted from 270°, leaves 22°—3(’mto the angle ¢ B1, of which oL is
the sine, or departure, in the tables, and BL the cosine, or the latitude.
The reading at ¢ was 112°—~30’; deducting this from 180°, leaves
67° —30/, of which L& is the ams, or departure, and L ¢ the cosine, or
latitude.

GeNERAL, RULB—Where the reading is less than 90°, subtract the
reading from 90°, which will leave the angle required ; when the reading
is more than 90°, and less than 180°, subtract the reading from 180°,
which will give the angle required; when above 180°, and less than
270°, subtract the reading from 270°; and similarly, where the reading
is above 270°, and less than 360°, deduct the reading from 860°: in
each case the remainder will give the angle required.

In the practice of traverse surveying we always make the reading
5, 10/, or 1%’, &ec., according to convenience, by moving the poles, or
making our marks on walls, &c., a little to the right or left; this will be
found a great practical advantage, inasmuch as it does away with all
fractions of minutes, and increases the clearness of reading, a matter of
the greatest importance in traverse surveying, for the special purposes
we are now considering.

It is to be observed that in the usual practice of traverse surveying,
we measure the sides and angles round any polygonal figure, regular or
irregular, and that in doing so we go as far north as we do south,
and as far east as we do west, and that consequently the ¢southings’
are equal to the ¢northings’ and that ‘eastings’ are equal to the
‘ westings.’

Now the ¢ Differences of Latitudes,’ or the northings and southings of
any line, are the distances that the ends of lines measured round any
polygon are north or south of the other ends.

The * eastings’ or ¢ westings,’ or departures of any lines, are the per-
pendicular distances from one end of the lines to a meridian, or line
passing south and north through the other end, the ¢meridians’ being
parallel lines supposed to pass through every station on a survey. In
any polygon, regular or irregular, the sum of all the tnferior angles is
equal to twice as many right-angles as the figure has sides, less four
right-angles.

As observed above, and as may be seen by referring to the figure at
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p. xiv., whether we consider the regular octigon or the circle, in going |
round the polygon, we go as far north as south, and as far east as west; -
therefore, when we reduce the ‘northings’ and ‘southings’ of all the
lines from the tables of Difference of Latitude, and similarly when we
reduce the eastings and westings of all the lines from the Tables of De- '
partures, we at once have proof of the accuracy of the work, since the
northings will be equal to the southings, and the eastings equal to the |
westings, if the chaining has been correctly done.

. In the same manner, we shall have proof of the angles having been
eorrectly measured, because all the interior angles will be equal to twice
as many right-angles as the polygon has sides, less four right-angles, or
1809, if the theodolite has been correctly used. There will, however, gene-
rally be some two or three minutes difference, even with the most careful
work, unless some particular plan be adopted, such as that which has
been mentioned above, of making the readings &, 10/, or 15, &e., by
making our marks accordingly. In the description of work to which
we have been more particularly referring to, a difference of two or three
minutes might be of eonsiderable importance; at least for a working
survey amongst buildings we should object to it, and the more so that
it may be avoided; but in country surveying, or where looking such
minute accuracy would be loss of time, it is usual to divide the difference
or error over the work.

In the example we have given of traverse surveying at p. xxi., it
might be very inconvenient to have to go round; but the work may be
proved by going over the work a second time, but dackwards, so that we
shall still have our northings equal to southings, and our eastings equal
to westings.

It is very possible that to many this going over the lines a second
time may appear fastidious, but in fact it consumes but very little time,
from the work having been already all set out; and, in the next place,
it removes all doubts from the mind of the surveyor, as well as from
that of the chief for whom he may be working. Where, on the contrary,
the work has not been proved, the surveyor will feel perhaps for months
afterwards uncertainty about his plans; and if any hitch occurs in the
setting out of the works, he will be sure to feel no small amount of un-
easiness, and attribute the difficulty to some possible error in his work.

As to the degree of accuracy which we have considered necessary in
town lands surveys for the purpose here contemplated, we will only
point out that the mistake of a foot may be of far greater importance
than a foot error in a cutting or embankment on an ordinary section,
for in this last case it would only involve some difference as to a greater
or less quantity of earthwork ; but serious as such a blunder would be, it
would be trifling compared to the setting out works go that any por-
tion of them might fall a foot within instead of outside of a building.
The engineer who has had to set out works through ground thickly
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covered with buildings, knows all the importance of a correct plan for
such purposes.

In the theodolite we are now referring to, it will be observed that there
is a lower telescope, which is so set that its axis perfectly coincides
with that of the upper telescope, when at zero; there is also a diagonal
eye-piece, 8o made that when screwed into the telescope, it admits of
its being pointed directly vertical, and of observations being made in
such direction with as much facility as if the glass were pointed hori-
zontally; this is a considerable advantage, as it allows of underground-.
works being connected in the most direct manner with the surface.
Further, by the special construction of this irfstrument, when any
particular point has been found on the surface, there are means of
setting out from such point any angle taken underground, without
making any alteration on the vernier plate: that is to say, that leaving
all screws fast clamped, the instrument may be brought from under-
ground works to any fixed point on the surface, and any particular angle
set out or checked, one or both sides of which shall exactly coincide
with fixed underground lines. The vernier zero being made to coincide
exactly with zero on the limb, and the instrument turned round until
the needle points to its own zero, both telescopes will be in the same
vertical plane; any angle being now taken may be transferred to the
surface, and the large size of the compass will show the slightess
deviation that may have taken place.

In ranging curves, the addition of the second telescope is important,
inasmuch as it enables the observer to be always satisfied that the zero
of the instrament, during the course of any number of observations, has
not deviated from the direction of the tangent. Any want of check on
such deviation is often a source of error in setting out long curves, and
is often cansed by the observer moving about the instrument without
sufficient care, or by his attempting thoughtlessly to move the vernier
plate without having first released its clamping-screw. Such-errors are
often carried to the end of the curve, where they become greatly in-
creased ; they are frequently then rectified (1) by what is termed easing
the curve, which simply means that at one end a curve is often of &
radius 5 or 10 chains sharter than it should be.

PLOTTING TOWN SURVEYS BY TRAVERSE
TABLES.

Smvce the introduction of railway and other great emgineering works
into the very centres of large towns—as, for instance, of the railways now
constructed or about to be constructed in the parts of London covered
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with valuable property—the accuracy of working surveys has become of
the very highest importance. Not only is it by these plans that it is
determined whether buildings and parts of buildings lie on the line of
works, but often there are no other means of setting out these works
than by the working plans.

Not only important and expensive working drawings are got out ac-
cording to the plans, and often become of no value if these are wrong,
but the works themselves are frequently set out from the plans only, and
immense difficulties must be the consequence if they are incorrect. Some
considerable length of curve, or straight line, may be laid down on a
plan drawn to a very large scale, and properties are often purchased in
portions only, and not consecutively, and the works are of necessity set
out from the plans and commenced ; and if they have not been correctly
surveyed, and also correctly plotted, very serious consequences may re-
sult : not only may we find that we interfere with buildings we did not
contemplate touching, but the relative position of the centre lines may be
wrong; and where masses of buildings intervene between works com-
menced in two different places, it is often very difficult to check
satisfactorily the operations of setting out by work done on the
ground. In short, the work is altogether different from ranging curves
and straight lines through fields, or even villages and small country
towns.

The writer believes that, generally, it is the system of Dlotting the
survey which is at fault. If the ground is well traversed with a good
theodolite, and the lines carefully chained, this part of the work can
scarcely be otherwise than satisfuctory ; but the means adopted usually
for laying down upon paper long lines (often from 15 to 30 inches and
more) exactly at the angles, the writer considers unsatisfactory, The
instrument used for laying off angles is the protractor, perfect it is
admitted within certain limits, and the same may be said of the large
parallels employed in the next operation of plotting a traverse survey
in the usual manner. For ordinary purposes nothing can be better ; but
an extensive survey, plotted to a large scale (and 20 feet to the inch is
not too large for the purpose we have now in view), requires altogether a
different method in order to attain the accuracy necessary for important
works. ;

By means of the ;l‘mzﬁr:; Tables, & good survey may be plotted in
the same manner and wif e same amount of accuracy as a sectio
the accompanying diagram will explain, T s

From the Traversing Notes, the Angles 1, 2, 3, &c., on the accom-
panying diagram, are obtained, the lengths A s, nc, cD, &c. being
most carefully chained. To illustrate the method of plotting, it will
be sufficient to give one example, as the work otherwige would be
merely a repetition of what has been said under the head of ¢ Levelling
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with the Theodolite,’ pp. vii.~viii. Angle 1is 33° 25’, and the measured
length up the side of the street is 423 feet; at page 91 (Table IL.) we

' Angle 1=8°8—2’5
» 2=50~40
» 38=58—0

» 4=64— 0

» 5=45—-15

s 6=47-15

» 1=26-25

» 8=49-0

207.22

PSSR [/ A -{ A\

848.0/

22
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have ‘Departures’ corresponding to ‘ Difference of Levels, and for
33° 25 we have for
feet. feet.
400=220-29
20= 11-014
2= 11014

122 =232-4054

—and for ¢ Latitudes,” corresponding to ¢ Horizontal Distances for Dif-
ference of Levels,” we have for
feet. feet.
400=333-88
20= 16694
2= 1669
422 =352-243

Both these results are shown plotted on the diagram for Angle 1, and
similarly for the other angles.

‘When the first portion of the survey, as from 1 to 8, has been completed,
the smaller areas may be enclosed and plotied in the same manner. It
will be seen that by these means, the most minute accuracy is ensured
for the whole as well as for the details of the survey. When the work has
proceeded thus far, the centre line of the works should be laid down, and
the details of the ‘blocks’ should then be filled into the width required.
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EXPLANATION OF TABLES.
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TABLE 1.
!

THE first columns of Table I have been prepared to show ata glance, on
| either plans or cross sections, the rise and fail due to the angles of de-
! clivity of side-lying ground. As regards earthworks, the importance of
t this can hardly be over-estimated when we are laying down a line either
} for a railway, road, or canal, because it affords a ready means of ascer-
taining depths of cuttings and embankments, and of making suitable
alterations in the direction of the centre line of works. Generally, the
information which we are desirous of obtaining on this point, is the
difference of the levels right and left of a line at a distance of perhaps
two or three hundred feet; this is given ata glance by the tabular
numbers, when the angles of acclivity or declivity have been taken ;—
thus column 2 gives the rise or fall per cent horizontal, all in yards, feet,
or metres, for every five minutes of every angle of inclination, which an
explorer may at once write down in his note-book without any calcula-
tion whatever, and the surveyor may make the same observations in his
field-book right orleft of any of his chain lines, whilst making his survey.
If these lines are laid down on the plot plan, the differences of levels are
. eagily plotbed at the same time, with all sufficient accuracy for the
" purpose in hand. In a hilly country, particularly, these notes on a plan
afford the readiest means of avoiding as much as possible heavy cuttings
and embankments,

With the exception of the theodolite, which, however, is much too
cumbrous to be always carried about for taking angles of inclination, the
writer is not acquainted with any practically useful inclinometer, except
that which he has used for many years past.* This consists of a semi-
circular protractor, with a pendulum pointing to zero when the instru-
ment is held horizontal; it is numbered from zero to ninety degrees
-both ways, 80 that when used in taking an angle of elevation or depression,
the pendulum at once reads off the observed angle, and with much
greater steadiness and accuracy than might at the first glance be expected ;
if the pendulum be sufficiently weighted, say, with about two ounces.

With a six-inch semicircular protractor, with the vernier loaded, no
difficulty will be found in reading off to three or four minutes, and for the

A

* The writer, however, wishes to gnard himsélf against any imputation of cl
elther discovery or invention in so simple a matter, and is only desirous of makhxg
~" more generally known a really useful inclinometer for ordinary purposes.
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short distances and the purposes for which the inclinometer could be ‘
used, this is abundantly accurate; the instrument is farnished with |

plain sights, the axis of which is, of course, made by the manufuc-
tarer, parallel with the diameter of the instrument. Fig. 1 is a sketch
of the instrument. It reads to twenty-two degrees, and as the line of
sight AB is parallel to the ground line ¢p, twenty-two degrees is the angle

of inclination, and the table supplies the amount of rise for every
hundred Aorizontal. The writer trusts that he may be excused for men-
tioning for the information of the young engineering surveyor, that one-
half of the cardboard protractors sold by our instrument mikers may
readily be fixed in a plain glazed flat case, and that with a pendulum
attached it will make a very useful instrument for such purposes. The
great advantage of such an instrument is the readiness and rapidity with
which it supplies, with the assistance of the tables, the rise and fall for
ordinary cross sections.

The second portion of Table I. gives a series of coefficients for setting
out slopes where the cross section is in steeply side-lying ground, of which

 theangle of inclination has been taken; the writer considers that where
the ground rises or falls rapidly, this furnishes a better mode of setting
out the slopes of earth-work than the ordinary method by differences
of level. :

Let fig. 2 represent an embankment, 2 to 1 slopes, of 202 in depth oa
side-lying ground, of which the angle of inclination has been measured.
Column 4 of Table L gives the rise or fall per unit, Take this tabular
number opposite to the angle of inclination, multiply it by 20°2, and the
produet added to 20-2 will give the depth dueto a, and a & multiplied by
the major coeflicient, for slopes 2 to 1, gives the distance b¢. On the
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other side the first tabular numbermultiplied by 202 is deducted instead
of added, to get the depth d ¢, which, multiplied by the minor coefficient
for slopes 2 to 1, will give the distance fe: observe, that in both cases

S
the lengths bc, and fe, are measured along the sloping surface and not
horizontally, which ensures a much more accurate setting off where the

earthworks are heavy, and the natural surface of the ground considerably
inclined.

TABLE IIL

Table IL is a traverse table for every five minutes of the quadrant
which will be found a sufficiently close approximation for all surveying
purposes, as we can always manage to lay out our work to five minutes
and generally even to ten minutes. It is constructed so that the
Latitudes and Departures are given in one page for lengths from 10 to 90,
and of course by the mere removal of the decimal point one figure to the
left, from 1 to 9, and similarly by the removal one point to the right
from 100 to 900, and so0 on.

Independently of its use for regular traverse surveying it will often
be found useful in the field in getting round obstacles, as for instance,
in fig. 3, where a large sheet of water comes across the base line
AB. From A set out any convenient angle Bac, equal to, say 22 de-
grees, and measure along Ac, until the obstacle is so cleared on the
other side that from a point 0 we may set out an angle acB of 68
degrees, (22 + 68 being equal to 90). Let Ac measure 12560 feet; re-
quired the length of aB. By table of latitudes we shall have for 22
degrees,

927-18—1000
186'44— 200
46-36— 560

1158-98—1260
or 116898 feet for the length of B, and if the angles have been properly
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set out, cB will measure 468-26, for, by the table of departures we shall
have for 22 degrees, |

374:61—1000
74:92— 200
1878— 60

468-26—1250

Table II. has been so arranged, that the horizontal distances and dif-
ferences of levels due to inclination are very readily obtained in the same

\2

manner, when the angle of elevation or depression has been taken, and
length along the sloping ground carefully measured. Inthe last example,
for instance, if the angle of 22 degrees were an angle of elevation, and
the distance 1260 feet, the length measured along the sloping ground,
then we should have 115898 for the horizontal distance, and 46826 feet
for the difference of level.

It will be needless to observe here, that in a case of taking levels by
inclination, we should not recommend such a distance to be taken at one
sight, and we have only done so here in order to show how the use of
this table is applicable in both cases, with regard to surveying and
levelling, and in mountainous countries, when a good theodolite is care-
fully used, a great amount of country is levelled over very rapidly, and
as regards cross sections the inclinometer mentioned above does all that
is required very easily with these tables, as all calculations are avoided.
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TABLE III

Table ITI. has been prepared with a view of avoiding in the field all
the computations of tangential angles in setting out circular curves.
These calculations are simple enough, and yet troublesome in order to en-
sure accuracy, for one error may involve the loss of many hours’ field
work ; besides, however rapidly they may be made, thetime givento them
will always be more advantageously devoted on the theodolite, and
seeing that the chainmen do their work accurately, for unless the curve
be well chained, there can be no hope of closing the curve satisfactorily.
It will be needless to observe that the table is based upon the formula,

It:;fug = Tangential angle for one chord.

It will alsobe almost as supererogatory to observe that, generally speak-
ing, in setting out curves, the first stump is upon a fraction of a chain. To
make use of these tables with all desirable rapidity, it is only necessary
to set out at first with the fraction of the tangential angle due to the
fraction of chain; when this has been carefully done, the instrument
may at once be removed, and a considerable length set out from such
station,

For sharp curves it will be observed that the tangential angles have
been given by half instead of whole chains, which will be found to give
more satisfactory results for curves of short radius.

TABLE IV.

Table IV. is a table for railway crossings, which is too explicit to need
any further information on the subject.

A3
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TABLE III

0 Decrer
Tangent Gohngmt
o° o *00000 60
1 ooozg !437 5
2 *000§! 718" z73° 5
3 ° 145°9150 s’
4 | "oon 859°4363 sz
§ | oor4s | 6874588 ss
6 | coo17s | 572°9572 54
Z ‘00204 | 491'1060 53
‘00233 | 429'7175 52
9 ‘o026z | 381°9709 st
10 00291 3437737 5o
11 0320 312°5213
12 ’oo; 2864 :g
13 | o037 % :Z
14 oowz 245'55!8
15 0043 2297181 45
16 ‘oo4bs | 214°8s 4“4
T 00498 202°21 43
1 ‘00524 | 1909841 42
19 ‘coss3 | 180% 3“ 41
20 ‘00582 | 171" 4@©
ar 00611 | 163 7°°l 3
22 ° 156°2590 3
23 149°4650 3
24 | - 1432371 3
25 ‘00727 | 137°507§ 35
26 ‘00756 | 132°218¢ ;;
2 ‘oo78s | 127°3213
1.; .:Z, 4 12;7739 ;:-
29 00844 | 118°5401
30 ‘00873 | 114°5886 30
31 ‘oogoz | 110°8920
Bk
34 00982 101°1069 z.z
35 | oror 93 ’-179 25
36 oI 24
3 'ox04 :1
3 *o110§
39 01135 gg lm 21
40 *o11 858397 20
41 ‘orrg3 83.8435 1
42 'ongz 81°8470 1
43 | corasx '0434 ¥
4“4 *o1280 78'1263 1
45 | "o1309 76 3900 15
AR A
‘o1
:; -o:§ 71 6l50 12
9 ‘o142¢ 70°'1533 1
5o ‘01455 7500 10
[18 ‘01484 *4018 g
52 o1513 1054
53 ‘o1542
54 ‘01571 63 6567 Z
55 *01600 *4991 H
56 ‘o1 61°38: 4
;Z 'Olg;g 6o* 3022 3
5 *ot ;g‘:bss 2
gg o171 2611 T
‘01746 572899 | 89° o
Cotangent | Tangent

TANGENTIAL ANGLES FOR
CIRCULAR CURVES

400 feet
4 chains } Radii.
40 métres
Bgexps.

Inone 686 feet chain 6} inches

Rails 18 ,, lengths 1§ ,,
Inone 100 ,, chain 9§ ,,

Rails18 ,, lengths 14 ,,
SUPERELEVATION OF RarmLs.

89 DEGRERS

68 foet chain, 20 m. per hour 6”

100 feet chain, 20 m. per hour 3}”

I

1

Lefthand | No.of | Right-hand |

Beading Chains Beading

856° 251 $ 8° 848"
852 50-8 1 7 97
849 154 1} 10 446
845 405 2 14 194
342 57 2 17 548
338 308 ] 21 291
384 560 8} 25 40
831 211 4 28 889
327 463 4% 32 187
824 114 5 35 486
820 865 5% 89 234
817 17 6 42 583
813 268 6} 46 832
809 520 7 50 80
806 171 7} 53 429
802 422 8 57 177
299 74 8% 60 526
295 825 9 64 275
291 577 9% 68 2-3
288 228 |10 71 87-2
284 479 | 10} 75 120
281 131 |11 78 469
277 3882 | 11} 82 217
274 84 |12 85 566
270 285 | 12} 89 3815




TABLE III 116

TANGENTIAL ANGLES FOR
CIRCULAR CURVES.

500 feet
5 chains } Radii,
50 métres
BENDS,
Inone 66 feet chain & inches
Rails 18 ,, lengths 1§ ,,
Inone 100 ,, chain 7§
Rails18 ,, lengthsl ,,
SUPERELEVATION OF RAms.

66 feet chain, 20 m. per hour 43"
100 feet chain, 20 m. per hour 8”

Left-hand No. of Right-hand
Reading Chains Reading

1 DEGrER
Tangent |Cotangent
1° .| 01746 §7°2899 60’
b 01775 | $§6'3508 5
3| o | asnl &
‘01833 5013
4 o 537085 56
5 *01891 52°8821 s
6 01920 §2°0806 54
z 01949 §1°3031 53
01978 50°5485 52
9 49'8153 st
10 02037 49'103 50
1 02056 48°4120 :g
12 ] 477395
13 02123 47°0853 :Z
14 | coz2153 | 46"
15 02182 45°8293 45
16 02211 45';:?! :4
I 44°63 3
1 44.'066f 42
19 435081 4t
20 | ‘2328 | 42 ®
a1 ‘023 42°4334 3
22 023 41°9157 3
23 02415 | 41°410§ 3
24 40°9174 3
28 02473 40'4358 35
26 | cozs02 | 39°96s54 34
:Z 02531 39°5058 33
AR A
1
;g 02619 381 30
Bo| ey | s |
02 .
33 02706 | 369 27
34 | 2735 | 365 26
35 | 764 | 361775 25
36 | o793 | 358005 24
37 ngz 35°4312 23
38 | coa8st | 350695 22
39 02881 34°7151 21
o | ro2g10 | 343677 20
41 0293 34°0273 19
Py on96z ;;3 ’f :8
43 . :
44 .g,"Z;’Z 33°0451 x
45 ‘03055 32°7302 15
46 03084 32°4212 14
4‘.; ‘03114 32°1180 13
03143 31-8205 12
49 ‘03172 31°5283 u
50 *03201 31°2415 10
ST 03230 309599 g
52 ‘03259 30°0833
53 03288 30°411§ Z
54 ‘033r 301
s 033 29'8822 5
§6 | 03376 | 296244 4
:; 03405 29'3711 3
-0334 j;’-_’;g :
*0:
33 -02493. 28'6362 | 88° o
Cotangent| T t
88 DEGREERS:

357° 81| § | 2°519
354 162 | 1 5 437
351 244 | 14 | 8 856
348 825 | 2 |11 275
345 406G | 24 | 14 194
342 487 | 38 |17 118
339 568 | 83 |20 81
337 50| 4 |22 550
334 130 | 4} | 25 469
331 212 | 5 |28 388
328 293 | 5% | 81 806
325 374 | 6 |34 225
322 456 | 6} | 87 144
319 537 | 7 | 40 638

317 18 | 74 | 42 582
814 99| 8 |45 501
311 181 | 8} | 48 419
308 262 | 9 |51 388

305 343 | 9} | 54 257
302 424 | 10" | 57 17-6
299 505 | 10} | 60 94
206 587 |11 | 63 18
294 68 | 11} | 65 532
291 149 |12 | 68 451
288 230 |12} | 71 369




116 TABLE III
2 Duorxzs TANGENTIAL ANGLES FOR
et el & | CIRCULAR CURVES.
6a
HE 1] e
2 | e 2’;%:‘ : 8 chains | Radii.
: 3?% 7711 é 60 métres
5 | °0363 27"
6 | o3 :7':7!4 g BENDS, .
3 5 . o8
: t chain 4} inch
§ 3% ’6,’?13% % || Inone ‘66 fee | r
10 | ‘03783 | 26°3 ils18 , lengths
1m | ‘o382 2‘:;96 3 'Rm]sl(X) chain 6
13 | ‘o3ie 5 47 || Inone »
13 | 03871 | 125 &“ 43 Rails 18 , lengths 3§ ,
bt 22% :§'45!7 45
:: 03988 | 2573643 :: SUPERELEVATION OF RAILS. .
| b | 2 & in, 20 m. per hour 3%
1§ | 04016 ks | & 66 feet chain, hour 4
2 | s | ww | % 100 feet chain, 25 m. per
a1 | ‘ogro4 ‘4369’7; g
:; ’:ﬁa z 3 H Left-hand No.of | Right-hand
04191 | 238502 s Reading
:; 236945 3 Reading > 235
v | s | 3| ¥ e sew | 3 65
27 | ‘o4 23371 5 a5 | 1 4 4
| ool || )OO L |7 S
29 | o433 23-0576 || 352 508 1} .
3o o4 o 0 270 2 9 82
ool | B | B8 88 | 2} |11 562
32 | o444 | 220 540 2 348 14 194
o ol | w2 80 406 | 3 427
34 :°“31 221639 2§ 3 3} 16
3s 04512 2 843 17 18 H
6 04541 zz:oz:z b 340 54-1 4 1
3 ‘04570 21°88 ] 8 4* 21 29
3# | o4 nisd| u |l 338 80 25 ot
39 ﬁ 21°4704 20 336 76 5 35 156
5 | by | | 883 444 & | 5% 389
&) g | i | 831 a1 A
B30 2 5 s oors | o | 253
6| sy | wop il se4 114 | 73 |83 e
4 :ng:. 2' 12 821 48-2 8 38 A
'32.
| B | o s ir | o | e
st | o | oo | g oo g4 | 93 |45 218
3 | osoyy | 10kes Z 31:1 ?5.2 10 47 448
5 | o5 v s || 812 ' 105 |50 80
oAl il I 309 520 o
g o | ed | 31300 087 |11 52 213
# | o | 10isse il 805 55 11} 9
% g | 19080 |80 o 302 422 |12 57 17
% |comngunt| Tenget 800 190 |12} | 59
87 DrorErs




TABLE III 17

0 17331 | 42
os8z4 | 171693 | 40

eI A

2

88233

3 DzcrEsns |
————S— -TANGENTIAL ANGLES FOR
d | osser '8;" & CIRCULAR CURVES.
S B .
2 :55.970 ::' po | 3 700 feet
i %,7 1322} §Z 7 chains } Radii,
§ | ros387 | 185644 | 55 70 métres
6 ‘05416 18:46“ 54
I | s | w5 8 BexNDS,
3| 553 | W8] 5| Inome 66 feet chain 8§ inches
jggsg: k- Rails 18 ,,' lengths 3 ,,

i1 I Inone 100 ,, chain 53 ,,

17°6108 45 || Rails18 , lengths {3} ,,
osp8 | 1775305 | 44
0573 174313 44 SUPERELEVATION oF Rams,

‘05795 | 172858 | 41 66 feet chain, 20 m. per hour 3}”

“os8s3 | 170837 | 39 || 100 feet chain, 256 m. per hour 8}”
16°9989

05883

05912 xg° 150 3
05941 16°33 ¥ 3
o 167 35 Left-hand No. of nghb-h?d
*05999 16°6681 34

Laag | 168 | 33| 857° 572 |} | 20 28
ok |kt | 3| 885 544 | 1 | 4 55
cod | Mwet] ol 353 517 | 1} | 6 83
5195 :g.:;" 3 35; :g-s; 2* 18 1{1))-{13
16°11 2 4 . 2 0 138

wy et 2| 3 434 | 8 |12 166
06291 | 15845 24 || 845 406 8% |14 194
o | uhn| || 843 878 | 4 16 222
1‘3.217,2 15 2 || 341 850 | 4} |18 249
o iwher | 20l 839 828 | 5 |20 277
AR s:
ls:}w o 4 .

e | WIS i || 838 240 | 6} |26 860
obte | 1ns | e || 831 212 | 7 |28 388
ou | sl 899 184 | 7} |30 4146
1 | weober | 1 || 327 156 | 8 |82 448

o | Mea | 10| 305 19.9 | 8} |84 471

b i) 11333?2 2] 828 100 | 9 |86 499
“ 14731 71 821 %7-8 93 | 88 527
%o | Wom| S| 819 45 100 |40 554
06876 | 14’5438 4| 817 18 | 10} |42 582
B | wen| 1| s14 590 |11 |45 10
oo | ks | 1| 812 562 |11} |47 87

810 585 | 12 49 65

308 507 |12} |51 98
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TABLE III

4 DEGRERS
Tangent (Cotangent
4 o | obgg3 | 143006 6
1 ‘o022 1472411 .59
2 07051 141820 58
3 141235 5
4 | ‘oprro | 140654 5
§ | ‘o7139 14°0078 55
6 | on68 | 13:9507 54
Z 07197 3°8940 53
7227 | 138378 52
9 | o256 | 137820 st
10 | ‘oy28s 137267 50
b3 ‘07314 136718 3
12| ‘07343 13°6174
13 | op73 | 135633 :z
14 | ‘oz 13°5
15 | ‘07431 13°45 45
16 | copbr | 134038 | 44
1 ‘07490 | 133515 43
1o | o | ks | 4t
9 [ ‘975 Kk
20 | 07578 | 13'1968 4
ar 07607 13°1461 39
22 | 07636 13°0957 38
23 | ‘07665 | 130457 3
24 | ‘o769s. | 12°9961 3
25 | o774 | 12°9469 35
26 | orys3 | 12'8¢8 | 34
27 '07333 12°8495 33
28 ‘07812 12°801 32
29 | ‘07841 | 12753 3t
30 | -o7870 12°7062 30
31 | cor8gg | 126591 e}
32 °o791.g 126123
33 | ‘o795 12°5659 27
34 | o7987 | 12'5199 26
35 | ‘oBory 12°4742 25
36 ‘08046 12°4288 24
3 ro8o7s | 123837 23
3 ‘08104 | 12'3390 22
39 | oBiz4 | 122046 | 21
© 08163 12°250§ 20
1 *o81 12 b
:z 'oszg 121632 1
43 08251 12°1200 1
4“4 *08280 12°0771 b
45 | 08309 | 12'0346 15
46 Chize | e 4
:z +083 11°9503 13
*08397 1 12
49 '0041.% 11 34
50 | "oB4s! 11°8261 10
1 ‘08485 11°7853
;z ‘08514 11:;8447 g
| s | nEE|
54 0857 b
[11 oagoz 11°6247 [3
56 ‘08632 11°58! 4
7| ok | wekl
ég 08720 11°4684 1
08749 114300 | 85° 0
Cotangent| Tangent

TANGENTIAL ANGLES FOR
CIRCULAR CURVES.
800 feet
8 chains }Radn.
80 métres
BexDs.
In one 66 feet chain 8} inches
Rails18 ,, lengths § ,,
Inone 100 ,, chain 4§ ,,
Rails18 ,, lengths & ,,

SUPERELEVATION OF Rarrs.

66 feet chain, 25 m. per hour 4}”
100 feet chain, 26 m. per hour 3"

85 DEGREES

Left-hand No. of Right-hand
Reading Chains Reading
358° 126’ 3 1° 47-4
356 251 1 3 3848
854 877 1} 5 223
352 50-3 2 7 97
351 28| 24 | 8 571
349 154 3 10 446
847 280 3} |12 320
345 45 4 14 194
343 5381 4 116 68
842 57 5 17 543
840 183 5 (19 417
338 3808 6 21 291
336 434 63 |23 166
834 560 7 25 40
333 85 7% | 26 514
331 211 8 28 389
329 337 8 |30 263
327 463 9 32 137
325 588 | 9} [84 12
824 114 | 10 35 486
322 240 | 10§ |87 3860
820 865 | 11 39 234
318 491 | 11} |41 109
817 17 | 12 42 5838
315 142 | 12} | 44 457




TABLE IIIL Hney

Sowa o mawn =g

-
-

SBE BRI ARAR

s &k

6 DrGrEES
T + 1ot
087, 11°4300
*o8' 113918
883y | 1131y
3103
usGZ 11°2788
*0889s 11°2471
“08g2 11°204!
08952 mal
3 11°1316
“ogor3 11°0954
11°0504
09071 11°0236
‘09101 10°9881

09218 10°8482
‘09247 108138
o277 | 107796
09306 | 10°7456
09335 | 107119
09365 | 106783
09394 | 10"
‘09423 10°611!
00453 10°5788
09482, 10°5461

‘095 T 10°§136
09541 10°4812

09570 T0'4491
rogb29

103853
09658 10°3538
‘%8 10°3224
0971 10°2912
. 10"
% 102204
‘09805 10°1
09834 10°1683
‘09864 | 1071380

‘9893 | 101
s | 1ok
09952 100482

| oo
‘10011 9'9893
1 9.@
e { 9°9310
°I 9°9o21
‘101 98733
T0158 9"
*‘ro18 981
*1021 97881
*10245 9'7600
*1027§ 97321
*1030§ 9"
‘10334 9"
*10363 96493
*10393 96220
*10422 9's

‘10452 9°s
*10481 9°5410
*10§10 9'5143

TANGENTIAL ANGLES FOR
CIRCULAR CURVES.

900 feet .
9 chains }R&dn.
90 métres
BEexDS,

Inone 66 feet chain 2} inches

Rails 18 ,, lengths {3} ,,
Inone 100 ,, chain 43 ,,

Rails 18 ,, lengths 33 ,,
SUPERELEVATION OF Ra1rs,
66 feet chain, 25 m. per hour 4

O ™ NBWH Vi O 00O

£

Cotangent| Tangent

84 DErGrrEs

100 feet chain, 86 m. per hour 5”
Left-hand No.of | Right-hand
Reading Chains | ~ Reading
358° - 24-5’ 3 1° 855
856 490 | 1 3 110
855 1385 | 1} 4 465
353 880 | 2 6 220
852 25 | 2% 7 575
850 270 | 8 9 830
848 515 | 8% |11 84
347 160 | 4 |12 439
845 405 | 4% |14 194
344 51| 5 15 549
342 296 | 5% |17 304
340 541 | 6 19 59
339 186 | 6) |20 414
837 481 | 7 22 169
836 76| 7% |23 524
334 321 | 8 25 279
332 566 | 8% [27 84
831 211 | 9 28 889
829 456 | 9% |30 144
328 101 | 10 31 498
326 346 | 104 | 33 253
824 591 |11 35 08
323 237 | 114 | 36 868
321 482 | 12 88 11-8
320 127 |12} |89 478




TABLE III

VNI MAW R =Q

TANGENTIAL ANGLES FOR
CIRCULAR CURVES,

1000 feet
10 chains
100 métres

BEexDS,

.

In one 66 feet chain 2% inches
Rails 18 ,, lengths 3§ ,,

chain 8§

Rails18 ,, lengths § ,,

SUPERELEVATION OF Rarrs,
68 feet chain, 80 m. per hour 53"
100 feet chain, 85 m. per hour 4}”

In one 100 ,,

Left-hand gg‘.‘&f. Right-hand
358 841 | } | 1° 259
37 81| 1 | 2 519
355 422 | 1} | 4 178
34 162 | 2 | 5 438
32 508 | 2% | 7 97
351 243 | 8 | 8 857
349 584 | 8} |10 16
348 324 | 4 |11 275
847 65 | 4} |12 535
845 406 | 5 |14 194
344 146 | 5} |15 454
342 497 | 6 |17 118
841 227 | 6} |18 873
839 568 | 7 |20 82
338 808 [ 74 |21 291
337 49| 8 |22 551
335 889 | 8} |24 210
334 130 | 9 |25 470
332 471 | 9} |27 130
331 211 [10 |28 389
3290 552 |10} |80 48
328 292 (11 |81 308
827 88 |11} |82 567
825 373 |12 |34 226
824 114 |12} |85 486




TABLE IIX 121

o)
3

§REEE

£

©0 00 00 00 00 0O
“w

O XN ABW N ~Q
Nl\l\l. \l.\l.\! 0 00
w
LR

il

RN
§a S
SEIER

TANGENTIAL ANGLES FOR
& CIRCULAR CURVES.
B 1500 feet
3 15 chains }Radu
5 150 métres
54
53 BEeNDs,

5% In 3 6Bfeet chain 1§ inches
4 Rails 18 ,, lengths % ,,
A In § 100 ,, chain 2% ,,
4 Rails 18 ,, lengths & ,,

43 SUPERELEVATION OF RAILS.

4t 66 feet chain, 35 m. per hour 4§”
3 100 feet chain, 85 m. per hour 3}”

36 Lefthand | No.of | Right-hand
35 Reading Chains Reading
34
nl 859 2:7 1 0° 57-8
31 858 54 1 1 546
0 87 81| 1} | 2 519
21 86 108 | 2 3 492
7 || 855 185 | 25 | 4 465
2 || 854 162 | 3 5 438
4 | 853 189 | 8% 6 411
3| 852 216 | 4 7 384
a | 851 243 | 4% 8 856
21 850 270 | 5 9 829
2 849 297 | 5% |10 802
u |l 848 824 | 6 11 275
15 347 851 Gr} 12 248
14 || 846 878 | 7 13 221
5 345 406 | 73 |14 194
m | 844 432 | 8 15 167
1l 343 460 | 8% |16 140
21l s42 487 | 9 |17 113
7| 841 514 | 93 |18 86
s | 840 541 | 10 19 59
+| 839 568 |10} |20 32
31 838 595 |11 21 05
qol | 338 22 |11} |21 578
el 837 49 |12 22 551
336 76 | 124 |23 524

¥




IX. -
B -
T TIAL ANGI];ES
TANGEI:I3 pa
= 8 DrGRERS o 7 "
| | 1 200Ochaims Radii.
Tangen 7:};3; i u s,
‘14054 7 ; : ;
| ::ﬁ?; ;.g;g; : BENDS. 5 inches
2 14143 7:°$f° 3 .
3 - Z : feet ¢! o
4 *14202 7°0263 5; e lengths ”
; e :g;ﬁ. 5 Ino 218 , gt :
b8 ¢/ . {+]
4 :14;2: g_% 6 $ - : *
9 -;:35 1 69538 ;2 . OR,&]' IB 18 : R
10 -]4353 g:gigi :Z , st hour 2‘;”
H o fe | B = = ;rhw 2}"
:i -:“44;9 68827 :; o c]m.m’ o ’
; B i 4:' 66 t chaln’ hand
16 14559 6 gigz :o oot =
: ‘14, ?g 2-8169 : . - :
19 ;4643 68131 3 — =
20 14677 2:7823 ; Left- e 1 ; .
: i 6:;7;3? 3s ° 841 2 4 178
23 14 6 7:48 ;: 358 81 8 5 5 ?
: i o i s 423 HE Y
26 14856 g:;;z‘ ;0 354 162 4 7 30.6
% ot 6bot1 29 322 162 ; : ;.5
2 | ok e 243 Z §
seos | 6 .
» a3 o - e 824 | 8 5
;; :§°94 66121 3 347 43'6 1(1) 14 it
|| G i
; : 2 : 87 3 >
i | im eser | i e : i
40 ‘15272 6’5350 ; 341 ‘8 2 55.1
41 ‘15302 65223 15 39 56 16 : :
o i 212379? 1 238 30'8 I ; 2;.0
4 o . 4. 7
: e Sares B 887 9 1 25 29
45 ‘15421 6:473 i x : i :
46 ‘15451 6,457z o | gg 889 i &
47 e cu 834 -1 2 48
438 *1551 g 47 20 30 ‘
15540 '4225 384 3 ;
; i %?m § | 3ot toa 5 % bey
: = AN o8 292 23 | 8 92-6
5 *15660 63737 : 2 : :
fi :2639 6-;2;2 3 327 gg 2§ E
: 1578 & 6 1 87- 2
6 15749 6:3376 . 827 3
% 22&‘: 2§f§7L 81° o 325 87
g ' "158; .
. 81 D=rGREES




TABLE IIL

123

9 Duerxzs
— TANGENTIAL ANGLES FQR
angen
o | mm Mﬁi’:imz & CIRCULAR CURVES,
2 | a8 | 62 1 2500 foet
R It o 1 250hains}Radii.
s | ‘15988 62548 55 260 métres
6 60 6"
k- AR Buo.
2 .:2:*;; gjf;‘;g 5 Inone 66 feet chain 4 inches
. . Rails 18 lengths &
84 161 61855 ”
:; :gig g: 28 ? Inone 100 , chain 8
i g | oo | %) Ralls , leghe s
32 ;:?:2 g?q g SUPERELEVATION oF RaIrs.
i | e gops | & | 60 foot chain, 85m. per hour 23"
e 100 foet chain, 45 m. per hour 8”
2x 16465 60733 3
22 *16495 60623 3
= ::2?’ 2:0514 ; Left-hand No.of | Right-hand
2 6583 : 35 Reading . Reading
w | e | e 5lse 12| 1| 10 87
o | aea | § 857 425 | 2| 2 175
3 | 16734 Tms | | 856 837 38 i gg.g
| aas | i | B 835 250 | 4 :
5| ke | S w854 162 | 5 | 5 437
3| okl | 9 83 75| 6 [ 6 525
35 16884 5 a5 . § 7 8 13
36 16914 59123 24 851 587 "
3 | aou fipy | & | 350 5004 & | 9 100
JEIE I MR
4 | o | sos | 19l 347 287 | 11 | 12 868
G| | e | b lse 150 | 12 | 18 450
G o | e | 845 62| 18 | 14 538
46 17213 58095 14 843 575 14 16 2:5
g | e E 31842 487 | 15 | 17 118
9 | am | 7| u| 841 400 | 16 | 18 200
5 e ©l 340 812 | 17 | 19 288
5| an 5759 31839 225 | 18 | 20 875
5 | | 7| 7| sss 137 19 | 51 463
55 | 1748 57199 s || 887 50 .
Sl E| Ee e
% ary | 8 1| 838 387 | 28 | 26 218
& | a | foma |weo . 4 | 27 800
ot ot 332 800 | 2
fengen 331 212 | 25 | 28 3888
80 Daarems

23




124 TABLE IIL
10 DrcrEsns
= —— TANGENTIAL ANGLES FOR
10° ‘1772%; 5 'z 60? CIRCULAR CURVES -
a 1N
R A e
a7rsy | 56329 s 80 chains } Radii.
‘17783 | 56234 55 800 métres
e | fe | 8
a7 | sest 52 Brxos.
Gl | 558 | % || Thone 66 feet chain B8} inches
a7%63 | 855670 Rails 18 ,, lengths ¢ ,,
j:ﬁgz; Ts4ks :32 Inone 100 ,, chain &

18083 | 55300 4 Rails 18 ,, lengths ¢ ,,

18113 | 5°5209 “
18143 | 5511y 43 SUPERELEVATION OF Rars.
18173 §°5026 42

18203 ;:ﬂis 41 66 feet chain, 40 m. per hour 3”
18263 | s4754 3 100 feet chain, 46 m. per hour 2§”

.:gm 554575 37
qa | e 5 Igvimd | Noof | Righthana
18414 | 54307 34
.;?.1;: | B | 859 27 1 0° 57°%
18504 | 54042 31 || 358 54 2 1 546
18534 | 5°3955 30 857 81 8 2 519
dste | 537 | 2l 356 108 | 4 | 8 492
o6t ;zgg z7 |1 3855 135 | 5 | 4 465
K 53520 25 854 162 6 5 438
18714 | 513434 2 || 853 189 7 6 411
18744 | 533 23
18775 ,.;,3;’ a1l 852 216 8 7 384
,:gg?g 53177 2t || 851 243 9 8 3857
5309 850 270 | 10 | 9 830

oy | sz | 1l 349 297 | 11 |10 802
a8as | sabs9 | 17 || 348 324 | 12 |11 275
- b | s || 347 851 | 13 |12 248
119016 | 52588 14 || 846 3879 14 |13 221
nsode | susot |1l o345 4046 | 15 | 14 194
19196 | 5233 u |l 344 433 | 16 |15 167
Jo | s 1 848 460 | 17 |16 140
2 842 487 | 18 |17 113
: ; 7| 841 514 | 19 |18 86
nad | ses | s | 840 541 | 20 |19 59
«| 339 568 | 21 |20 32
31 838 595 | 22 [21 05
1l 838 22| 28 |21 578

1 }
‘19438 | 5'1445 °
Cotangent, Tengent | || 337, 49 | 24 |22 551

336 - 76 25 | 28 524




TABLE IIT. 125

WO AW BN

11 Dxerars
Tangent [Cot: t
19438 | 5'1445
o | i
19529 | §°1206
19559 | s'tiay
‘19589 5°1049
‘19619 | 5
'l& s.

1 ;'oalg
‘Ig710 | 5°073
‘19740 | 506y

19861 | 50349
‘19891 30273
‘19921 §°0197

20103 4'9743
‘20133 4

“201 4'9594
‘20194 49520
‘20224 4'9445
‘20254 4'9372
20285 4"

‘20318 4'9224
‘20345 4'9151

*20436 152
20466 4
‘20497 | 4'8788
20527 4’8716
*2055 48644
::g 48572
*20018 48501
‘20648 | 48430
20679 | 48359
20709 | 48
20739 | 48217
*20770 4814
*20800 4°
20830 4'8002
1| 4793
20891 | 47867
20021 | 47797
20952 47728
20982 | 47659
21013 | 47590
‘21043 | 47521
21073 | 47453

TANGENTIAL ANGLES FOR
CIRCULAR CURVES,
8500 feet
85 chains } Radii.
350 métres
BrxDs.
Inone 66 feet chain 2% inches
Rails 18 ,, lengths & ,,
Inone 100 , chain 4} ,
Rails 18 ,, lengths § ,,

SUPERELEVATION OF RaAIrs.

66 feet chain, 40 m. per hour 23"
100 feet chain, 45 m. per hour 2}

Left-hand No. ot Right-hand
Reading Chains Reading

859° 10-9/ 1 0° 491’
358 21-8 2 1 382
357 3827 3 2 273
‘356 436 4 3 164
355 544 5 4 55
355 58 6 4 547
854 162 7 5 438
353 271 8 6 329
352 380 9 7 220
351 489 10 8 111
350 598 11 9 02

350 107 | 12 | 9 493
349 216 | 13 | 10 384
348 324 | 14 |11 275
347 438 | 15 | 12 166
346 542 | 16 | 13 57
346 51 | 17 | 13 549
345 160 | 18 | 14 440
344 269 | 19 | 15 331
343 878 | 20 | 16 22:2
842 487 | 21 |17 113
841 596 | 22 | 18 04
841 104 | 23 | 18 493
340 2133 | 24 | 19 3886
339 822 | 25 | 20 978




TABLE IIL

128
12 Dzcrxss
Tangent |Cotangent
12° o | ‘21256 4 (4

1 21286 Z:;g 5
2 21316 46912 s
3 ‘21347 40845 s’
4 | 13 46778 s
s | car 46712 55
6 | 21438 | 46645 54
1 |21 46579 53

21499 | 46513 52

*215: 4 st
rg -ng 46382 50
1 21 4°631
12 21 9? 462 ] 3
13 | ‘21651 46186 &
14 | 21682 46121 4Z
15 | 21712 | 4°60s7 45
16 | 21743 4’5992 “
X 21773 45928 43
X a1 45864 °
19 21834 4°5800 41
20 | ‘a1 4'5736 4o
ar | 2189 45672 3
A2k
23 219! .
24 | 21986 45482 3
25 | 22017 | 45419 35
26 | “a20¢ 4'5356 34
z ‘1-10'7; 4'5294 33

22108 45231 32
29 | 22139 | 45169 31
30 | 22169 45107 30
31 ‘22200 4°5045 :g
32 ‘1::3! 44983
33 | 2281 | 4421 a7
34 | 'a220a | 44860 26
35 | ‘23322 44798 25
36 | ‘22353 4473 24
3 22383 417% 23
3 22414 | 44615 22
39 22444 4'4554 21
40 22475 44494 20
41 ‘225 4°4433 1
42 “g] 4'4373 1
43 “22. 4'4313 T
44 22 4'4253 b {
45 “2 44193 15
46 22658 4'4133 14
4 K 4'4974 13
J 22719 44015 12
4@ | 22750 4'395 1n
50 | 22781 43 10
[13 22811 43838
52 | 22842 43779 8
5w | B | 2
54 X
ss | 22934 | 43604 s
6 | 22964 4'3545 4
) ‘2299 4°3457 3
AE- 25 A
9 | 23 %
io ‘23087 43314 |77° 0

Cotangent | Tangent

TANGENTIAL ANGLES FOR |.
CIRCULAR CURVES,
4000 feet
40 chains
400 métres
BrxNDs.
Inone 66feet chain ?}inches
Rails 18 ,, lengths 5 ,,
In one 100 ,,
Rails 18 ,, lengths %
SUPERELEVATION OF RArLs,

66 feet chain, 46 m. per hour 3”
100 feet chain, 50 m. per hour 2}”

chain 8%

}Radii.

”

Left-hand No. of Right-hand
Reading

859° 17:0 1 0° 43¢
858 840 2 1 259
857 511 8 2 89
857 81 4 2 519
356 251 5 8 349
855 422 6 4 178
854 592 7 5 08
854 162 8 5 438
853 832 9 6 267
352 508 | 10 7 97
352 78| 11 7 527
851 248 | 12 8 857
850 414 | 18 9 186
849 584 | 14-(10 16!
849 154 | 15 |10 446
348 824 | 16 |11 275
347 495 | 17 |12 105!
847 65| 18 |12 535,
846 285 | 19 |18 865
845 406 | 20 |14 194
844 576 | 21 |15 24 |
844 146 | 22 |15 454 |
343 816 | 28 |16 283
842 487 | 24 |17 11-8
842 57 | 25 |17 543




TABLE IIL 127

13 Dxcruzs
Tangent |Cotangent
x3° O | 23087 | 43314 6
1 ‘2311 4°3287 [
2 231 43200 ;g
3 | 23179 | 43w ﬁ
4 | 233209 | 43085
5 | 9340 | 43029 ss
6 | s | 4 54
AE 1A
9 | ‘13363 | 42803 51
10 | 23393 | 42747 5o
1 42691
n | g | e | 4
14 ':3513 4'252 41
15 | 23547 | 4 - 45
16 | ‘33 4241 4
x 423 4
X ‘23639 | 4'a30n “
19 | ‘23670 | 4 4
20 | -a300 | 42193 ®
21 *23731 42138 3
22 | <3 4’034 3
a3 | 23 4°2029 3
24 | -a3ta3 | 41978 3
a5 | 23854 | 4102t 35
2| el | S | 3
3| |t | 2
30 uﬂ uZ: 30
31 | 24039 | 41
32 | ‘069 | 41 3
33 | 24100 | 41493 3
3¢ | 24131 | 4
35 | cay 413 ag
36 | ‘193 | 41338 )
3 24223 | 41 23
3 ‘24254 | 47230 22
39 uﬂz 4177 a1
© | 2431 4’1128 20
ol Wy B I St B I
o I 3
43 x«g 4'0962 T
44 | ‘24439 | 4o0n x
45 | 4470 | 4 1s
46 | 24501 | 40815 14
3 'u;g 40763 13
24, 4’0712 12
. ) Ix
5‘2 :::2: :'0610 10
st | 46 4°0559
-2k -1
§3 | -
54 | 247 470408 Z
55 | 24778 | #0357 s
s6 | 24809 | 40307 4
3 ‘24840 | 40257 3
‘24871 | 40207 2
g *24902 40157 I
24933 | 40107 | 76°0

TANGENTIAL ANGLES FOR
CIRCULAR CURVES,

4500 feet
45 clmns}Radﬁ.
450 métres
BENDS,

In one 66 feet chain 2§ inches

Rails 18 ,, lengths 3 ,,
Inone 100 ,, chain 8} ,,

Rails 18 ,, lengths & ,,
SUPERELEVATION OF RATLS,

66 feet chain, 456 m. per hour 24"
100 feet chain, 50 m. per hour 24"
No.

Left-hand of | Right-hand
859° 21-8' 1 0° 882
858 436 2 1 164
858 54 3 1 546
857 272 4 2 828
856 490 5 8 110
356 101 6 8 492
855 826 7 4 274
854 544 8 5 56
854 162 9 5 438
853 3880 10 6 220
852 598 11 7 02
352 216 12 7 884
851 434 18 8 .166
851 52 14 8 547
850 27-0 15 9 3829
849 488 16 | 10 111
849 1046 17 | 10 498
848 824 18 |11 275
847 542 19 |12 57
847 160 20 | 12 439
846 879 21 |13 221
845 597 22 114 08
845 216 24 |14 885
844 4338 25 | 15 167
34 51 26 | 15 549




PTABLE IIT

14 DrGREES ,
Tangent |Cotangent TANGENTIAL ANGLES FOR |
D O w
:% 3%’5 s CIRCULAR CURVES,
j;ggxé 39959 7 5000 feet .
23087 | 3086 35 50 chfuns } Radii.
‘25118 3°9811 54 500 métres
25149 3:9762 53
25180 3'9713 52
25211 39665 51 BENDS.
‘25242 3°9616 50 ) .
iﬁ%i ;3??’ :g Inone 66 feet chain 2 inches
23335 | oam | 47 || Inome 100 , chain 3
*25366 3'9423 46
25397 | 3'9375 4
25428 | 39327 | 44 SUPERELEVATION OF RaILs.
w2 || 4 : hour 97"
b4 Yo pe 66feetchn:m, 50 m. per hour 27
‘25552 | 39136 | 40 | 100 feet chain, 50 m. per hour 2”
e
15645 | 3Boos 3
:::67';76 ;'ggg 3% Left-hand No.of | Right-hand
‘25738 38853 34
2570 | 3880 £ 359° 256’ 1 0° 344
asp | 38 | 3t | 858 512 2 | 1 87
”5§ 3‘:‘7;0 :; 358 169 3 1 431
st | 3 357 425 4 2 175
8 3
e | s | x| 857 81| 5 | 2 519
A | oamm | 201856 837 | 6 | 3 268
26048 38390 24 355 5?3 7 4 06
jmg ;jggg 43 855 250 8 4 35
26141 38253 2t 354 5_0’6 9 5 94
:‘6'7’ 3:8‘“ 21 854 162 10 5 438
B g n) e
g | 3R 100 852 831 | 18 | 7 269
::gggg 3:7837 :; 351 587 14 8 }‘3
e | 3Tas ol 851 24-8 15 8 857
26452 | 377803 u (| 350 500 16 9 100
6483 1 37159 | 10 ) 850 156 | 17 9 444
g | Bs| 3849 412 | 18 | 10 188!
2857 ;:;g;g 71 849 68 19 10 531
26639 | 37538 s || 348 824 20 11 275
26670 | 37494 4 || 347 581 21 12 19
! :277‘;; 14 30| 847 287 22 12 363 .
I R S 846 4983 | 23 | 18 10'75
' ) 346 149 24 13 450
Cotangent | Tongent 345 406 | 25 | 14 194
76 DroRrERs




TABLE IIL 120

TANGENTIAL ANGLES FOR

?°' CIRCULAR CURVES.
EZ 5500 foot

5 55 chains } Radii,
54 550 métres

:

51 BENDS,

2 Inone 66 feet chain 1% inches
4 Inone 100 ,, chain 2§ ,,
“ SUPERELEVATION OF RaArLs.

4 || 68 feet chain, 50 m. per hour 24"
4 |l 100 feet chain, 50 m. per hour 2”

; Left-hand No. of Right-hand
35 Reading Chains Reading
34
3 || 859° 287/ 1 0° 31-2
3 || 858 57°5 2 1 25
3 |l 358 262 3 1 337
2|l 857 550 4 2. 50
|| 857 237 5 2 863
s || 356 525 6 8 75
u || 856 212 7 3 3887
2 || 855 500 8 4 100
21 355 187 9 4 41’3
1l 854 475 | 10 5 125
2l 854 162 | 11 5 438
17 || 853 450 | 12 6 150
i || 858 137 | 18 6 463
|| 352 425 | 14 7 175
5ol g2 112 | 15 7 488
u || 851 400 | 16 8 200
1 81 87| 17 8 513
21 850 375 | 18 9 225
7| 850 62| 19 9 538
s || 849 849 | 20 | 10 250
«| 849 87| 21 | 10 563 |
31348 824 | 22 | 11 275
L1l 848 12| 28 | 11 588
“eoll 347 299 | 24 | 12 30
846 587 | 25 | 18 13

r3




130 TABLE IIL

16 Ducrzuzs
Tangent |Cotangent TANGENTIAL ANGLES FOR

6 o P &
i : ”é;% 2:24:77;5 ; CIRCULAR CURVES.

3 '_:gé? 34759 5 6000 feet

) Gmn | 3 | 5 60 chains } Radii.

6 | 2886 | 3¢y 54 600 métres

| oo | Jao | 2

9 '2895; 34532 st BENDS.

10 | 28990 | 3°4495 50

n m; 3°4487 3 Inone 66 feet chain 1§ inches

12 K 3°4420 .

4382 In one 100 chain

| wut | he | 8 - " o»

15 | ‘29147 | 34308 45

16 | 20179 | 342m “ SUPERELEVATION oF Rarxs.

| e | e 4 .

1o | e | 148 4 || 66 feet chain, 50m. per hour 2}”

20 | 29305 | 34123 4 || 100 feet chain, 50 m. per hour 2”

22

AE Ak A

25 20463 33000 H Left-hand No. of Right-hand

AE SR A : ,
0 3/ o

q | st | e | 3| 8590 818 286

29 | 20890 | 3'3795 3t || 8359 27
30 1 3°3759 30 3858 84°1
Bl a% | 1% | B | 8s8
33 | 29716 | 33651 27 | 857 86°

54

34 | 29748 | 33615 26 67
35 29780 33580 28 357 81 519
;6 3:; ;g;g :; 356 895 20-5
. 856 10'8 49-2
I | o | 347 | W | 855 422 178

4 ‘29938 3'3402 20
: 855 135
G52 | e | R | 854 449
4 | o3 | 330 17 | 854 162
45 | 30097 | 33226 15 || 83683 476
£ e || 8] e o
: : 352 50-3
Ol a3 | ull ss2 216
50 :3“55 3:3051 10 351 53,0
§ 1|l 851 243
Z |l 850 557
55 | 30414 | 372879 s || 850 270
4| 849 584
30 849 297
. S 849 141
o5 | 3378 | 70 || 848 89e4

bk b ok
HOOQ@@@@QQ@QO‘U‘##““NMHHOQ
>
Pt
[

DO DO DO DD DO DD bt ok ek ok ot ik ek ok o ek I
B WO HOOOTISNE W= OOOIO UL WD) -

348 38

-
[
e
@
|4




TABLE IIL 131

17 Dzorums
Tangent ICot "
1°Pd | 3 32 6’
T 30005 3'2074 59
3 | ‘30637 | 3:2640 58
3 *30669 32606 57
4 30700 32872 56
5 30732 3'2539 ss
6 | 3 32508 54
Z ‘3 3°2471 53
‘30828 | 372438 52
9 | 30860 | 3 I
10 | °30891 32371 S0
1) ‘3o0a3 | 312338 3
12 30955 3'2304
13 3 32271 4
14 31019 32238 J
15 31081 3°2208 45
16 31083 32172 4“4
T 3118 3213 43
1 311 321 s
19 | 3178 | 32073 4
20 31210 32040 40
21 31242 32007 3
22 ]!2& 3'1975 3
23 313 3°3942 ;z
24 | 31338 3'!3;;)
25 31370 3T 35
nlhe e | u
314 X 33
J £3 ¢ 31780 32
29 31498 3'1748 3t
30 31530 3’1718 30
31 1 31683
32 ;IS& 31651 3
33 31 3'1619 27
34 | ‘3165 31587 26
35 31690 | 3°1555 25
36 | 3172 | 31523 24,
3 '31?12 3L 23
3 ‘3t 3T 22
39 | 31818 | 31428 at
40 “31850 31397 20
41 | 31882 | 371365 3
4 '3!3:3 31334 1
43 | "3t 31302 1
44 31978 31271 1
45 ‘32010 3'1239 15
45 | 32042 | 37208 4
:; *3207. 3’ 13
‘321 311 12
] 3213 31118 1
50 '3317? 3'1084 10
§1 | 33203 | 37053 4
53 | ‘32235 31022
53 | 3 30991 Z
54 | 32209 | 3
§s | 33331 | 3'0929 s
§6 | 32363 | 3 4
57 | ‘32396 3'38 3
AR SETA
3 o
F4 34 | 30776 | 72°0
Cotangent' Tangent

TANGENTIAL ANGLES FOR |
CIRCULAR CURVES.

6500 feet
65 chains } Radii,
650 métres
Bex~Dps,

Inone 66 feet chain 1§ inches
Inone 100 ,, chain 2}

SUPRRELEVATION OF Rarms,

66 feet chain, 50 m. per hour 27
100 feet chain, 50 m. per hour 13"
Left-hand No.of | "Right-hand
359° 335 1 0° 264/
359 71 2 0 529
358 407 8 1 198
358 142 4 1 458
357 478 5 2 122
857 218 6 2 887
856 549 7 8 51
356 284 8 8 315
856 20 9 3 580
855 855 10 4 244
356 91 11 4 509
354 427 12 5 17-8
354 162 18 5 438
853 498 14 6 102
353 233 15 6 367
852 569 16 7 381
352 3804 17 7 295
352 40 18 7 560
351 3876 19 8 224
351 11-1 20 8 489
850 447 21 9 158
350 182 22 9 418
349 518 | 23 |10 82
349 2583 | 24 |10 346
348 589 25 |11 11




TABLE IIL

18 D;canns

Tangent !Cotangent
18° 0 | 3402 [ 30776 Lod
1| g2 3°0746 59
2 | 3258 30716 58
3 | 132588 | 30085 57
4 *32620 3°06s§ 56
s | 3653 | 30625 55
6 | °32685 3°0595 54
z 32717 30564 53
*32749 3'0534 52
9 | ‘32782 3°0504 51
10 | ‘32814 3'0474 50
1| 32846 3°0445 49
12 | 32878 3°0415, 48
13 *32911 3'0385 :g
14 | 32943 30355
15 | ‘32975 3'0325 45
16 | 33007 302 4“4
17 | ‘33040 3°0: 43
18 | ‘33072 3'0237 42
19 | 331 3'0207 41
20 | ‘3313 30178 40
21 | 33168 | 30148 3
22 *33201 3'or19 3
23 | ‘33233 3'0090 37
24 33266 30051 36
25 | ‘33298 30031 35
26 | ‘33330 30002 34
27 | 33363 29973 33
AR A
g | X 31
30 | ‘33460 2° 30
31 | 33492 2°9857 29
32 ‘33524 2'9829 28
33 33557 2°9800 27
34 33589 2'9771 26
35 | 33021 2'9743 25
36 | 3365, 29714 24
37 '33683 2°9685 23
38 33719 :-'965? 22
39 33751 2°g62! 21
40 33783 2°9600 20
41 33816 | 29572 19
42 | 33848 | 2'9543 18
43 33881 2°951§ 17
44 | 33913 | 29487 16
45 33945 2'9459 15
46 | 33978 2'9430 14
47 | ‘34010 2°9402 13
48 ‘34043 2°937. 12
49 34075 2°93. 1
50 ‘34108 2°9318 10
st | 34140 g 2
52 | ‘34173 2°9263
53 | ‘34208 2°923§ Z
54 | 34238 2'g207
55 | ‘34270 2°9179 s
56 | 34393 2°9152 4
57 | 34335 2'9124 3
58 | ‘34367 29097 2
9| e 29069 | 1
‘34433 2’9042 | 71° 0
Cotangent| Tangent

TANGENTIAL ANGLES FOR
CIRCULAR CURVES.

7000 feet
70 chains
700 métres

BENDS.

s

Inone 66 feet chain 1% inches
chain 2}

In one 100 ,,

SUPERELEVATION OF RAILS.

66 feet chain, 45 m. per hour 13}”
100 feet chain, 50 m. per hour 1”

71 DEGREES

Left-hand No. of Right-hand

Reading Chains Reading
359° 854" 1 0° 245
359 110 2 0 491
358 463 3 1 136
358 218 4 1 382
357 572 5 2 28
857 3827 6 2 273
357 81 7 2 519
356 435 8 3 164
356 190 9 3 410
355 544 10 4 59
355 299 11 4 301
355 538 12 4 546
354 408 13 5 192
354 162 14 5 438
358 517 15 6 83
358 271 16 6 329
353 25 17 6 574
352 380 18 | 7 220
352 134 19 7 46
351 489 20 8 111
351 243 21 8 356
350 598 22 9 02
350 352 23 9 248
350 107 24 9 493
349 461 25 (10 139




TABLE IIIL 183

19 DxrcrEzrs
T Cotangent
19°d 34433 29042 60
1 ‘34465 2°9014 59
2 ‘34498 | 2°3987 58
3 *34530 28959 5
4 *3456 2'8932 5!
s *345 2*8905 55
6 | 34628 | 2'8878 54
; *34661 2'8851 53
*34693 2°88 52
9 34726 ﬂ;g 51
10 34758 2°8 50
11 34791 2'8743
12 ‘331% z'ggg 3
13| 3485 X
1| e | 2ms | B
15 | 34922 | 2'8635 45
16 34054 2°8608 4“4
1 34987 2°8582 43
1 020 28555 42
19 35052 2'8528 41
20 35085 2'8502 40
21 35118 | 28475 3
el T Bt B B
3 % 3
24 35216 | 2'8396 ;g
25 35248 | 28370 35
26 35281 2'8343 34
27 3531, 2'8317 33
28 353 28291 32
29 35379 | 2°8205 31
30 35412 2°8239 30
3t 35444 | 278213 zg
32 35477 | 28187 2
33 35510 2'8161 27
34 35543 2°8135 26
35 35576 | 2°8109 25
AE A
35641 805 23
38 35674 | 28033 22
39 35707 | 28005 21
40 35740 | 2°7980 20
41 35772 | 2'7954 19
42 35805 2'7928 18
43 35838 2°7903 17
44 35871 27877 16
45 35904 | 2°7852 15
46 | 35937 | 27826 14
47 35 2°7801 13
43 3 27776 12
49 36035 | 277750 1
5o 3 277725 10
[14 36101 2°7700
52 36134 | 27074 g
53 361 2:7649 A
54 36199 | 27624
ss 36232 | 2'7599 5
56 36265 | 27574 4
57 6298 | 2'7549 3
58 36331 | 2°7524 2
gg 36364 | 27 1
36397 | 27474 | 79° ©

TANGENTIAL ANGLES FOR
CIRCULAR CURYVES,

7600 feet
756 chains }R&dn.
750 métres
BeNDS.

In one 66 feet chain 1} inches
In one 100 ,, chain 2
SUPERELEVATION OF RAILs.

66 feet chain, 46 m. per hour 1§”
100 feet chain, 50 m. per hour 1”

70 DEGREES

Left-hand No.of | Right-hand
Reading Chains Reading
359° 387-1' 1 0° 22-9
359 142 2 0 458
358 512 8 1 87
358 283 4 1 3817
358 54 5 1 546
857 425 6 2 175
357 196 7 2 404
356 566 8 3 33
856 337 9 3 268
356 108 10 3 492
855 479 11 4 121
355 250 12 4 3850
355 21 13 4 579
354 891 14 5 208
354 162 15 5 438
353 533 16 6 67
853 304 17 6 296
358 75 18 6 525
352 445 19 7 154
352 216 20 7 384
351 587 21 8 13
351 358 22 8 242
351 129 28 8 471
350 500 24 9 100
350 270 25 9 829




IIL R
TABLE GLES FO
AN VES.
ENTIAL CUR
TANG: .
134 20 D”mm & CIRCULAR chains,
ol e a Radius 80
189 374 % inch
“il3 1 ss mh,in 1
3 | ekt L) “ feet 13 »
*36529 26 53 68 i
: 36562 s 4 In one chain
y 5 :7;:571 » In one 100 ,, * Rans.
1 3o 3728 4 ATION O hour 1§”
S | 367 . € per 1”7
10 *36760 ::;'a ‘§ Bw, wm‘ hour
H ] e “ 06 oot m“"'_ 50m. per
13 3 X 43 I
i | e AR 100 fot g
LB B R |
r 3 3 Chains :
2 | 2 | o 1| o 430
20 3 13 3 B! - )
s | 3 at 859 385 5|1 259
u | e sseq = | 959 555 4 1 ¥
by S I 6817 i 8 8
» ks | w | g5 el & 2 504
w13 3 58 -6 6 30.
3 | £ ] 511 7| 2 H
R |l | 2 37 290 s | 3 349
3 .;7% :.“p a5 85 81 9 38 63
;;' :;;szl 26628 :: 3{5)2 46'? 10 3 ?7-8
37554 6604 . 1 .
: o = | e gt 12 1 i+
31 3755; 65 . 852 oa| 12 S oo
3768 1 5 1 4
2 | 26487 8 20 1 5 438
:0 ::77 4 26464 1 355 59-2 15 5 58
o 3;Z§Z R P 877 16 6 267
813 - 4 854 162 17 6 2
“ 37887 e | 854 | 1 § 482
1 R
813 wm Hloas | 7 527
: 85 08 1 3
s — el } s 52 : 5571
e | ¥ 87 5 8 3 1
2 g 2’312: $ 35% 458 24 8 571 |
. 61 .
p .:szs zw E ggl 2;2 %
s6 :38’1.0 26073 ° 351
! 3 e
e
89 Duaazae




TABLE III. 185

21 DucrExrs
o | gt Ootungms} || TANGENTIAL ANGLES FOR
R Il < O CIRCULAR CURVES.
1EAF-AR
4 | 3820 | 2:5960 Radius 85 chains,
5 *38553 2°5938 55
kAR A
T | Jacse | 238 | 5 Bzxps,
9 | 3887 | 25848 | & . .
10 | 3821 | 275826 so | Inone 66feet chain 1} inch
1 §§§§; 2",733 2 1 Inone 100 » chain 1%
Bl®n | w4
14 38854 25737
IS | (38888 | 2s7ie | 4s SUPERELEVATION OF RAILS.
:6 138621 :% “
b ; H :% :’4:. 66 feet chain, 50 m. per hour 13"
20 | ‘3g0s5 | 25604 4 || 100 feet chain, 50 m. per hour 1
a1 *39088 2'5582 3
22 [ g1zz | 25560 3
13 *39156 2°5538 3
24 | 39186 | 25516 | 3 Left-hand No.of | Right-hand
:; ’39!-:; 2°5495 35 Reading Chains Reading
.
g | | i | 3 esec 898 [ 1 | 00 20
2 | aus | * R85 195 2 | 0 404
30 | 39391 | 25386 o || 858 593 8 1 06
3| doas | s 858 891 4 1 208
5 | e | ram g 858 189 | 5 | 1 411
|3 | Y| 2| 87 587 6| 2 18
36 :3 5:5357 24 357 384 7 2 21 5
3 | s |z | a3 1 857 182 | 8 | 2 418
39 39604 2°5192 a1 356 580 9 8 20
© | 9n7 | vs7r | s || 856 878 | 10 | 8 222
S0 | | 386 175 | 11 | 8 424
a9 251 17 | 8556 578 | 12 4 26
$lme | | o855 871 | 18 | 4 229
585 | 5| |4 sor| 5 | 5 88
O 2T | e | | 854 864 12 5 23-2
50 | 4cbs | 2459 | 1o || 854 162 | 17 | 5 438
o sl My £ 21 83 560 | 18 6 40
53 | 401 s | 858 358 | 19 6 242
wlwn | s S gss ;gg 20 | 6 444
6 . 2°4834 4 52 * 21 7 47
400t | 24813 311852 851 ( 22 | 7 249
§ o8 | e | 1| 852 149 | 28 | 7 451
G | 4ol | 24750 |60 || 351 547 | 94 8 58
Cotangent) Tangent 851 843 | 25 | 8 255
68 DxGrEEs




136 TABLE IIL .
22 DroREES 23 DrcrEES ' 24 DEGREES
Tangent |Cotangent|| Tangent [Cotangent| Tangent Cotangent
o *40403 2°4750 ‘42447 | 2'3558 | 44522 | 22460 60
1 ‘40436 | 24730 42481 | 23539 ‘44557 | 22442 59
3 40470 | 24709 *42516 | 2°3520 ‘44592 | 2'2428 58
3 ‘40504 | 274688 ‘42550 | 2°3501 ‘44627 | 2:2407 57
4 ‘40538 | 24668 42584 | 273482 44662 | 2:2390 56
s ‘40572 | 24647 42619 | 273463 ‘44697 | 22372 I
6 | 40606 | 2427 || 42653 | 23444 || 44732 | 22355 54
K 40640 | 2'4606 || 42688 “ﬁ 44707 | 212337 53
4ob73 | 24585 || cq2722 | 23 : 22320 sz

9 | o707 | 24565 || 42756 | 213388 [ -44836 | 22303 st
10 40741 | 24545 42791 | 273369 44871 | 22285 )
I * 75 2°4524 ‘41815 2°3350 'm 2°2268 3
12 4 2.4504 42860 2°3331 44941 2°2251

13 *40843 274483 '42804 23313 *44976 22233 :Z
14 40877 2°4463 - *42028 232094 45011 2'2216

15 4O9TT | 24443 42963 | 273275 '45046 | 2°2199 45
16 40945 2°4422 42997 2°3256 *45081 2°2181 44
1 K 2" 43032 2°3238 45116 2°2164 43
T 41013 2°4382 43066 2:3419 45151 22147 Pty
19 41047 2°4362 ‘43101 2°3201 45186 2°2130 4
20 41081 2'4342 43135 2°3182 ‘45221 2°2113 40
a1 qrrs | 294322 ‘43170 | 273164 45256 | 22006 3
22 ‘41149 2°4301 ‘43204 2°3145 45291 I‘mq 3
23 41183 2°4281 43239 2°3127 45326 2°2001 3
24 41217 | 2°4261 ‘43273 | 273108 45362 | 2°2044 3
2§ 41251 | 2°4241 ‘43308 | 2°3090 ‘45397 | 2'2027 35
26 ‘41285 | 2°q221 ‘43342 | 2°3071 '45432 | 2°2010 34
2 ‘41319 | 24201 43377 | 273053 '45467 | 2199 33
2. 41353 2°4181 ‘43412 2°303§ 45502 21 32
29 41387 | 24162 ‘43446 | 23016 ‘45537 | 21959 31
30 ‘41421 | 24142 ‘43481 | 272998 ‘45572 | 2'1942 30
31 ‘41455 | 24122 ‘43515 | 2'2080 45607 | 21926

32 ‘4u§9 2°4102 ‘43550 | 22961 *45642 | 21909 :g
33 41524 2'4082 *43585 2°2043 *45678 2°18g2 :Z
34 | ‘41558 | 2 43819 | 22925 || 45713 | 271875

35 41502 | 2'4043 '43654 | 2°2907 '45748 | 271858 25
36 41626 2°4023 *43688 2°2889 45783 2°1841 24
3 41660 2°4003 ‘43723 2°2870 45818 2°1825 23
3 ‘41694 | 2°3984 ‘43758 | 272852 '45853 | 271808 22
39 *41728 23964 *43792 1'2833 ‘45889 | 2’1791 a1
o | ‘a7z | 23944 ‘43827 | 2°281 ‘45924 | 2°1774 20
41 41797 2°3925 *43862 22798 45959 | 2°1758 bl
42 ‘41831 2°3908 43896 | 22780 ‘45994 | 2°1741 1
43 *41865 | 2°3886 ‘43931 | 272762 ‘46030 | 21724 T
44 *41899 2°3866 43966 227, *46065 2°1 1
45 '41933 | 273847 ‘44001 | 2727 46100 | 2169t 15
46 41968 | 273827 *44035 | 2'2708 ‘4135 | 21675 14
4 42001 2'3808 44070 22690 46171 2°1658 13
J 42036 2°3789 44108 22673 2:1641 12
49 ‘42070 | 2'3769 44140 | 22655 4241 | 21628 3
50 42115 2'3750 ‘44174 2'2637 46277 2°1608 10
st 42139 | 23731 ‘44209 | 272619 ‘46312 | 21502 9
5z 42173 | 2:3711 ‘44244 | 272601 46347 | 21 8
53 42207 | 23 44279 | 2725 ‘46383 | 21559 4
54 ‘2242 | 2:3673 ‘44313 2°25/ 46418 | 21543

55 42276 | 23654 ‘44348 | 272548 ‘46453 | 21526 5
56 ‘42310 | 2'3634 44383 | 272530 K 2°1510 4
57 ‘42344 | 2361 ‘44418 | 272513 ‘46524 | 21494 3
58 42379 | 2°3§ '44453 2°2495 46559 | 2°14 2
59 42413 | 23577 ‘44488 | 2°2477 46595 | 2'1461 1
6o ‘42447 | 2°3558 ‘44522 | 22460 46630 | 2'1445 o

Cot: t| T ¢ jCotangent| T t [:C t| Tangent
67 DEcreEs = 66 DEGREES 65 DEGRELS




TABLE IIIL

137

25 DrGrEES

26 DEGRERS 27 DmGREES
Tangent Cotangent| T: t |Cot T t |Cot +
o | 46630 | 2145 48773 | 20503 's0952 | 19626 &
1 46666 2°1 %Zg 2°0487 *50989 1°9612 5
2 46701 | 2'1412 48845 | 2'oq72 ‘1028 1°95¢ 5!
3 46737 | 213 48881 | 2'0457 51062 | 19583 57
4 46772 | 2713 ‘48917 | 2'0442 ‘51099 | 19569 56
s 46807 | 271363 ‘48953 | 2'o427 51135 19555 58
6 46843 | 21347 ‘48989 | 2'oq12 51172 | 1°9541 54
Z 46878 | 2'1331 ‘49025 | 2'0397 'Slzg 1°9527 53
46914 2°1315 49061 2°0382 ST 19513 52
9 °46949 21299 ‘49097 | 20367 °§1282 | 1'0499 st
10 *46985 | 2'1283 ‘49133 | 2'0352 51319 | 19485 50
m | qro20 | 2°n *491 2'0337 || 51356 | 1'9471
12 47056 2°1251 4913 2°0322 51393 1°9457 ﬁ
13 47091 | 2'1235. || 49242 | 2'0307 *51 1°9443 :Z
14 47127 2°1219 49278 20202 51, 1°9430
15 47163 | 271203 ‘49314 | 2'0277 51503 | 1°9416 4
16 | 47198 | 2-fyg7 (| 49350 | 2°0263 51540 | 19402 “
1 ‘47234 | 2'mi7n 49386 | 2'0248 *51577 1'9388 43
b 47269 | 21155 || 49423 | 2°0233 51613 | 19374 4
19 °47305 | 21139 ‘49459 | 2°0218 *51650 | 19360 41
20 47340 | 2°1123 ‘49405 | 2°0203 51687 | 1'9347 40
a1 47376 | 21107 °49531 | 20189 51724 | 1°9333 3
22 ‘47412 | 271001 49567 | avo174 s1761 | 19319 3
23 47447 | 21075 '49604 | 2°0159 '51 1'930§ 37
24 | 47483 | 21059 || 49640 | zorgq || ‘51835 | 1gagr | 36
25 | 47519 | 2104 | 49676 | zorzo || 51871 | reaz® | 35
26 *47554 2'1028 49712 2°011§ *51908 19264 34
2 47590 2°1012 ‘49749 2°07100 51945 1°g250 33
4| 2| e | | e ook | ey | n
29 b cess . 20071 . ke
30 *47697 | 2°o96s 49858 | 2°0056 *§205 1'g209 30
31 | 47733 | 20949 || 49894 | 2'0042 | 52003 r'9r26 3
32 | 47768 | 20934 || ‘49930 | 20027 || 52130 | 19182
33| 4784 | 2ooi8 || 4ty | zoor3 || 52y | reid ) 27
34 47849 2'% ‘50003 | 1°9998 ‘52204 | 1°915§
35 47876 | 2 50039 | 1°9984 '52241 | 1°9141 25
36 ‘47911 2°0871 *50076 1'9969 52278 1'9128 24
3 ‘47947 2'0856 *§sor1z 1°9955 ‘52318 19114 23
3 47983 2°0840 *50149 1'9940 ‘52352 1°9101 22
39 48019 2°0824 50185 1°9926 ‘52:2 1°go87 21
40 *4805§ 2°0809 *s0221 1°991T I 1°9074 20
41 | ‘48090 | 20793 || -s0258 | 19897 || ‘52464 | 1'gobo 1
42 48126 2°0778 ¥ 19882 *52501 1°9047 1
43 48162 | 2°0763 ‘50331 | 19868 52538 | 1°Go33 17
44 ‘48198 | 2'0747 *50367 | 19854 '52575 1°9020 16
45 48234 | 2’0732 ‘50404 | 19839 52612 | 1° 15
46 | 482 20716 || so440 | 1825 | 5264 l'gggg %4
47 48306 | 20701 *50477 1°9810 *52! 1 13
48 48341 | 270085 *50513 rggts ‘52724 | 1 12
49 48377 | 2'0670 *s0550 | 19782 ‘52761 | 1'8953 1
5o 48413 | 270655 ‘50586 | 1°9768 *52798 | 1'8939 10
5t ‘48449 | 20640 50623 | 1'9753 52835 | 1
52 *48485 | 20624 *5065 19739 *52872 | 18913 ¢
BE-AE-AF- SR RN S
54 48557 X *507: 1°9711 .
5 *48593 | 20578 *so769 | 19696 52984 | 18873 1
56 48629 | 2'0563 *50806 | 1°9682 53021 | 148860 4
57 °48665 | 20548 50842 | 19668 *5305! 18846 3
58 48701 | 2°0533 50879 | 19654 *53 1°8833 2
59 48737 | 20518 50915 | 19640 '53133 | 1'8820 1
6o 48773 | 2’0503 [' °so9s2 | 1 *s3170 | 18807 °
Cotang T t | Cot t| T t ||C Tangent
64 DrGREES 63 DEGREES 62 DEGREES




188 TABLE III
28 Duorzrs 29 DrGrEms 30 Dxanzns
Ta Cot: Tangent jOot: Tangent |Cotangent
od | °s3170 | 1 *ss430 | 18048 57735 | 17320 6o
1 °s3208 | 18794 *55468 | 1'8o2s g;n 1°7308
a2 *5324 1'8780 *55506 rsorg 57812 1 2
3 53282 | 18767 *55545 | 1-8oor 57851 | 1 g
4 *53320 1'8754 °55583 1'7998 5780 | 17274
s °$3357 | 18741 *ss621 | 1797 57929 | 1 s
6 °s3395 | 1° *55659 | 17966 ’s; 17250 54
1 53432 | 18715 55697 | 17954 sm 17239 53
53 g *55735 1°7941 *58a4s 1°722 52
9. | -s3507 l'ﬁ 55773 | 17929 58084 | 1721 51
10 *53544 1 *55811 17917 *§8123 17204 50
11 *53582 1°8662 . 1 '] *s816a 171
12 53 6;2 & '55%2 l% ';8 1 1‘-;1 1 3
13 °53 1863 55926 | ¥ 5! 17170 :z
14 *53604 | 1°8623 °55964 | 1 '5&73 17158
15 *53731 1'8610 *56002 17856 §831 17147 45
16 *53 1851 *séogo | 17844 °5 17135 “
1 *53 x-s;ﬂ *séo7g9 | 17831 -533 17124 <
1 °53 1’8572 56117 | 17819 58435 | 17112 “°
19 *53881 1'855 *s61ss | 17807 *s8474 | 17101 “
20 °s3919 | 1785, *s6193 | 17795 58513 | 17090 ©
a1 °53957 | 18533 *s6232 | 17783 58552 | 1
22 °53994 | 18520 *s6z70 | 17771 *58591 x% 32
a3 ‘54032 | 1°8507 *56308 | 17759 *58630 | 1'705§ 3
24 I8 56347 | 1747 'slﬁ 1'7044 3
25 54107 | 18481 *s638s | 17735 °s8 1°7033 3s
26 5414 1 56423 | 17723 °58: 17021
:Z '541!5. x'ag 1°7710 f'siﬁ 170:0 ;;
AR A A AR
29 54257 | 18430 25653 X 58865 1 31
30 ‘54205 | 18417 || °s6577 | T7674 ‘5804 | 1 30
31 54333 | 18404 | ‘56615 | 1°766a 's8g43 | 1°6965
32 | 'saro | w8z | -s66s4 | 17650 || 38082 | 16oss | a8
Bl | R | s |l mR igs | 3
35 S4484 | 18353 . 67%9 17615 sg100 | 16080 5
36 54521 | 18341 °5 1 '59139 | 16909 24
AE A AR A AE F- Ak
. . . . . 3
39 *54635 | 18303 *s6923 | 175 592, 16875 2
© 54672 | 18290 *56961 | 17555 59';Z ':&4 0
41 s4710 | 182 °57000 | 1'7543 *59336 | 16853 1
@ 54748 | 18265 | ‘57038 | 1'7531 59375 | 16841 1
B | i | 5B R ||
“ *54824 : : - 59454 | 1681 x
45 54861 | 18227 || ‘s7ise | 17496 || 59493 1650 15
AR AR AR A -AE Ak A
. . . . . 13
4; 54975 1°8189 *57270 1'742 ?353 '3315 1
9 *§5013 181 . 1°7449 'sgbst | 1 n
50 *sso51 | 181 57347 | 17437 59690 | 16752 10
st *ss089 | 18152 °57386 | 1 *5 16741 z
52 *ss127 | 1'8139 57425 | 17413 5! 16730
53 *55165 18127 1463 1°7402 5 1671 z
54 °ss202 | 18114 57502 | 17390 . -'6703
55 ‘55240 | 18102 57541 | 17378 ‘59888 | 16697 s
6 55278 | 18090 °57. 17367 59927 | 16686 4
L4 55316 | 1 '57333 17355 m l:ﬂi 3
I °55354 | 18065 *5765 17343 T H
zz 55392 1°8052 . 17332 *6oogh 16653 x
55430 1'8a40 7738 17320 *60086 16642 °
t T Cot. t| T Cot i v t




TABLE III 139
381 Dzgrums 32 DzarErs 33 Dxcrzrs
T t |Cot: T t |Cot: t|| Tangent [Cots
o *60086 1°6642 62486 T 64940 1'53 60’
X *6o125 16631 62527 r% 64982 1°53: [
2 60165 1°6620 62 1'5982 65023 15379 52
3 o204 | 16609 1°5972 *65 1’5369 s
4 Gor4s 1'633 62648 | 1°5961 651 1'5359 s
s 6284 | 165 62689 | 15951 65147 | 15349 s
6 o323 | 16 62729 | 15941 65189 | 15339 54
z *60363 .-6,522 :2:{” 1°5931 *65230 15330 53
60403 | 1655 10 | 15920 65272 | 1°5320 52
9 60442 1°6544 62851 1°5910 65313 1°5310 -51
10 6oq82 | 16533 *6a8g2 | 1°5900 5355 | 1°5301 so
1 o522 1°6522 62932 1 653 1°5201
12 w 16511 62973 rgssg '6;4?2 35281 3
13 T 1°6501 *63013 1°5 65479 l's:g; &
14 60641 | 164go | 63054 | x-38s9 | ‘65521 | 1% 4Z
15 o681 | 16479 63095 | 15849 65562 | 15252 45
16 Goyar | 16468 6313 1°5838 15242 44
T *6oz61 16457 *631 1°5828 32232 1°5233 “
b *6o8co 1'644; *6321 15818 || 65687 | 15223 42
19 60840 | 1643 *6325] 1°5808 65729 | 1°5213 4
20 60880 | 16425 *63 1°5798 65778 | 1°5204 ©
21 Gogzo | 16414 63339 | 15787 65812 | 1°5NM 3
22 6ogbo | 16404 63380 | 15777 '65:‘5)3 1°5185 3
13 61000 1°6393 *63421 15767 *6 15178 3
24 *61040 1°6382 63461 1°5757 65937 rgx% 3
25 61080 | 16371 63502 | 15747 5979 | 1°51 35
26 61120 1°6361 63543 15737 66021 1°5146 34
2° 61160 | 16350 3584 | 1 *66063 15137 33
prd 61200 | 16339 '63223 15717 *661 1°5127 32
29 61240 x~6p.g 63 15 661 1°511 31
30 *61280 1°631 63707 1 66188 1°51 30
*61320 1 63747 1°5686 *66230 1°5
;; 1380 1'63&07 '61588 x-s ‘66272 15 :g
33 *61400 1 63829 1 6631 1'5079 :Z
34 1440 rg:zs 63870 | 15656 || 6635 1S
35 *61480 16265 63911 1 397 15 25
6 61520 | 1°6254 63952 | 15636 66439 | 1°5051 24
; '61& 1°6244 63993 1';'236 66431 1'5041 23
3 61 1°6233 34 1°5616 66523 1°5032 22
39 61640 1°6223 5 1 66565 1°5022 21
© 61680 16212 64116 1°5596 -66307 15013 20
61721 1'6201 6415 1'5586 66649 1°5003 b1
:_«: '617721 16191 '6419; I';s 1 x-m T
P 61801 1°61 64239 1°55 66733 | 1° b
4“4 61841 16170 64281 15556 1 1~ 1
45 61881 16159 64322 15546 17 T 15
61922 1°6149 64363 1°5536 66859 I 4
f 61962 1°6138 ‘64404 155 66902 1°4947 13
41 62002 1'6128 6444 1°5516 m 1°493 12
49 *62042 16117 ‘64485 15507 1° I
so 62083 16107 ‘64527 1°5497 67028 1°4919 10
*6ar2: 1 64569 | 15487 || 67070 | 14909
ﬁ ‘6&162 1 64610 154 112 1 3
53 1 64651 rsg 67155 r§ 1 2
54 1°6065 64692 | 15457 197 | 1°4881
55 ‘62284 | 1°6055 64734 | 15447 || 67239 | 14872 5
56 62325 | 16044 *6477! 1°543 67281 | 14862 4
5 62365 1'6034 '641"g 1°542 67323 | 1°4853 3
| 62408 rlos | S8 | st | e aw |2
62446 16013 *64899 1 . :
g 62486 1°6003 64940 1'5398 67450 1°4825 o
{Cotangent | Tangent |Cotangent | T: t ||Cot: 6| T t

68 Dxeoress




TABLE IIL

34 DgorErs 356 DEcrExs | 36 DEcrERs
Cotangt || T t |Cot: t| T, t C t
1°482 70020 1°4281 72654 1
1-4312 70064 | 14272 716693 xgg

O OO Idw B =Q

72
1°4807 70107 | 1°4263 72743 | 13746
1'479Z ‘70150 !'ﬁiz 72787 | 13738
1°478 ‘70194 | 1° 72832 | 13730
14779 70237 | 14237 || 72876 | 13721
14769 70281 1°4228 72021 13713
1.4760 70324 | I'4a19 72965 | 1°370!
14751 . || 70368 1’4210 ‘73010 13
1°4742 *70411 1°'4202
14732 70455 | 1°4193 73099 | 13679
14723 70498 | 14184 | 73144 | 1:3671
14714 70542 1°4175 73188 1°3663
147 :7:52 14167 || 73233 | 136

7 3
1°4686 70673 | 1'4149 ‘73323 | 13638
14677 70716 14140 733 13
IS 70760 1°4132 g4ﬁ 1';2?
1°4659 +70803 1°4123 ‘73457 | 13613
1°4650 70847 | 1411 ‘73502 | 1360,
1°4641 ‘70891 | I'41 73546 | 13
14632 *79935 1°4097 *73591 L%
1°4622 70978 730 ;g
14613 71022 1°4080 73681 1°3571
14604 || ‘71086 | 14071 || 73726 | 13
1°4595 ‘710 | 1402 7377 | 173558
1°4586 *71153 1°4054 ‘73816 | 1'354;
14577 71197 1°404 *73861 1°353
14568 1241 | 1'403 73906 | 13530
1°4559 71285 1°4028 *73951 1'3522
1°4550 71329 1'4019 *73996 1'3514
14541 71373 I'4010 74941 13506
1°4531 71417 1’4002 i *74086 I
1'4522 71461 1°3993 74131 13
14513 71508 | 1'398 74176 | 1°3481
1°4504 71548 | 13 74221 | 13473

D wisgz | 1°3967 ‘74266 | 1°3
l'mg *71636 1°3959 ‘74311 1°34!
1°4477 71681 | 1°3950 74356 | 13448
1°4468 1725 | 13942 ‘74402 | T1'3440
14459 ‘769 | 13933 ‘74447 | V3432
1°4450 71813 1392 *7: 13,
1°4441 71857 1°391 '7::?; "’ﬁt
1'4432 71901 | 13907 '7% 1'3407
1'4423 71945 1°3899 *7 13399
14414 71989 1'3890 ‘74673 1°3391
14408 72033 1°3882 ‘74718 | 13383
14397 ‘7207 113873 74764 | 13375
‘74809

74854 | 13359
14370 72210 | 1°3848 ‘74900 | 13351
1°4361 72255 13839 74945 1'3342
14352 72299 | 1°3831 *74991 13
14343 72343 | 13822 *75036 | 1°33
vae || 72y | 13814 7soB 13318
13 75127 1°3310
1°4316 76 | 13797 75173 | 13308
14308 72521 | 13789 || 75218 | 13
1°4299 '71323 1-3780 75264 | 13
1°4290 13772 *75309 13278
1°4281 ‘72654 | 1'3763 75355 | 13270

T AYPA t] T, t {ic T t

556 Dxrorers 1[ 54 DeGREES 63 DeorErs
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TABLE III

141

37 DxrcrERs 88 DEGRERS 39 DxrGrEes
Tangent |Cot T, t | Cot: t| T t [Cot: t
d 75355 1°32° 128 1°2 . 1°23 6
z 75401 l‘;zz: 317; 1':79? 81026 m.;ﬁ [
2 75445 1°325. 78222 12 81074 ”';23 [
3 75492 13 781.62 1°2 | Brrag 123 sz
4 75537 | 13238 *7831 12768 | 81171 12319 §!
s 75583 1'3230 78363 12761 || ‘81219 2312 58
6 5629 | 1°3222 78410 | 1°2753 'Bn.6z 12304 54
4 *75675 Tl || 78sy | Ta7as 8131 12297 53
7510 | 13 78504 | 12738 81364 | 12200 52
9 | 75766 | 13198 || 78551 | 12730 || Bigrz | 1emady 51
10 75812 13190 78598 12722 *81461 1'227§ 50
1t 75858 1'3182 78645 1271 81 12268
£3 75904 131 78692 1'270; 8155 12261 3
13 75949 1°31 7873 1°2700 81 1°22§; 47
14 75995 | 13158 h 12602 ‘81654 | 46
15 1 1°3150 *78833 12684 *81703 12239 45
16 131 78880 12677 81751 12232
1 '761;Z x-§x§ 78928 12669 81! 12224 ::
1 76179 131 78975 12662 81849 12217 42
19 76235 13118 79022 12654 818 12210 41
20 76271 13111 *79069 12647 '819% 12203 40
21 7631 1°3103 79117 1°263 81994 121 3
22 '7636Z 13095 79164 1'1.6;;’ 82043 1°218! 3
23 sy 1°3087 79211 1.16 gzogz 1°2181 ;g
24 S 13 ‘7925 17201 2140 1°217 3
28 '76;0{ I ;g;? 793 12609 82189 121 35
26 *76548 1°3063 79353 1°2601 82238 12159 34
3 76594 | 13058 *79401 125 82287 12152 33
76640 | 13047 79448 | 125 *8233§ 12145 32
29 76686 | 13040 79496 | 12579 82384 | 12138 31
30 76732 1°3032 *79543 1°2571 82433 1°2130 30
31 76778 1 79591 12 82482 1212
32 76825 1-333 ‘77328 12§ 82531 1°211 3
33 76871 1°3008 *79686 12549 82580 12109 27
34 76917 1°300Q . *79733 1°2541 82629 12102 26
35 1°2993 79781 12534 *82678 1°2095 £
36 *77010 T 28 1°2526 8272 12087 24
37 | ‘7708 1::3;; 773376 12519 '8277z 12080 23
38 77103 1 79924 1°2511 ‘82825 1:;:& 22
39 77149 1°2961 79971 1°25 82874  § 21
© ‘77195 | 12054 || 80019 | ¥ ‘82q23 | 12059 2
41 1°2046 *8cab7 1°2489 8 1°2052 1
42 8 12938 *8or1g 12482 '8% 1°2045 T
3 77335 | 12930 ‘Sot62 | 12474 ‘83070 | 12037 T
“ *77381 1'2922 ‘o210 1°2467 ‘83119 1°2030 b
45 77 1°291§ *8oz258 12459 83169 12023 15
46 77474 | 1 80306 | 12452 ‘83218 | 12016 14
47 *77521 1 *80354 1'2444 *83 1°2009 13
48 77567 1°2891 80402 1'2437 83316 1°2002 12
49 ‘77614 | 1°288 ‘80449 | 12430 || 83366 | 1'199% 1
50 77661 1°28: *80497 1'2422 [ 83415 1’1988 10
st ‘77797 12868 *80545 1°2415 | 83464 11981 g
52 :;;334 12860 ‘80593 12407 || 83514 !'rgg
S| Ta | vans || sessy | iases | Biors | ragss | 8
5 Kk k 1'2393 I ‘1959
ss ‘77894 | 112837 ‘80737 | 12385 83662 | 11952 s
56 77941 12830 80785 12378 83711 11948 4
57 1°2822 80834 1°2371 83761 1'1938 3
58 4 1'2814 80882 12363 83810 1°1931 2
59 *78081 12807 80930 12356 *83860 1'1924 1
6o 78128 1°2799 80978 1°2348 83909 1°1917 o
Cotangent| Tangent |(Cotangent| Tangent t| Tangent
52 DrorEBs 51 DrGREES 50 DrGrEES
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TABLE IIL

11517
. 1’1510
k 11503

11128

1’1119 ‘93142 1°0736
1112 93197 1079
1°1106 *932§1 1°'0733

40 Dxorxes 41 DxcrEEs 42 Deozexs
Tangent |Cot: Tangent |Cot: Tangent |Cotangent
o 83909 1917 86922 11 ‘g0 | 1°1106 6’
'8 . -m - W 11
2 e ::99;; *87030 1 ‘go14s 'lgg 3
3 11 37082 n:f ‘go198 1°1086
4 ‘84108 m:g 87133 l'l:é 'go251 1°1080 3
s 84158 11882 87184 Ig ‘90304 | r1o73 55
6 84207 o o 11 ‘90356 | 11 4
‘84257 :::Z{ %'33% ng *90409 11060 53
Z 84307 111861 87338 1 m : ::i; g
o 18 1 . .
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TABLE 1IV.

ANGLES, BADII, AND DISTANCES FOR RAILWAY CROSSINGS.

Cross-over Road i

o | _ Distance of Point of Switch from '

Pitch of Point of Point of , or Half. ,

Crowing | Aogle | Bedies |gwiteh from

ng | For 6 fest | For7feet | For8feet |

Foads Roads Roads

Deg. Min.| Fest | Ft. In | et Feot Fot

1in 5|12 26| 237 | 47 O 51 53 55 |
1in 6] 9 82| 841 56 7 61 64 67

1in 7| 8 10| 464 65 10 72 75 78

lin 8| 7 10| 603 | 75 2| 82 85 89

lin 9| 6 21| 768 | 84 11 92 96 100 i
1in10| 5 44| 988 93 8 102 106 111
1in12 | 4 46| 1861|113 1 128 129 135
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SETTING OUT CURVES WITHOUT A
g THEODOLITE,

ON THE PRINCIPLE OF TANGENTIAL ANGLES, BY TANGENTS AND
CORRESPONDING OFFSETS, CALCULATED FOR FIELD USE FROM
THE SINES AND VERSINES OF THE ANGLES AT THE CENTRE.

To MANY, even good practical engineers, there is an insuperable objection
to the use of the Theodolite. For the purpose of setting out curves with~
out this instrument, the annexed tables have been calculated, so that
the work may be done on the principle of tangents and tangential
angles, merely by setting off the offsets from given distances on the
tangents, such distances corresponding to the proper chainage on the
curve. There are many engineers who still adhere to the old, very old,
system of ranging curves by short chords of a chain in length, and then
offsetting to the curve, and thus bending round at the length of every
chain ; but all those who have actually done much field work, know how
tedious and uncertain the system, and no one better than the writer,
who used it some twenty-five years ago, in setting out many miles of
curves in a very hilly country. The tables here given do away with all
uncertainty, and the work may be done rapidly and with accuracy.

In the accompanying diagram, p. 146, let A Brepresent a chain’s length
on any circular curve, and let B ¢ be a second chain’s length on such curve;
let D A be tangent to the curve at the point A, and let = be the centre
of the curve. The angle at the centre B A is equal to twice the angle
B A D, and, similarly, the angle c& A is equal to twice the anglecAap; BF
is the sine of the angle BE A, and F A is the versine of the same angle;
and ca is the sine of the angle ck A, of which @ A is the versine.

The sines B ¥ and ca are parallel to the tangent A », and the versines
7 A and 6 A are at right-angles to AD.

On A D, set off A H, equal to r B, and also #', equal to @ B ; now, if from
u we set off the right-angled offset uB, equal to A ¥, and from =, the
right-angled offset &' ¢, equal to A @, we get two points on the curve, viz,
B and ¢, each one chain’s length from the other; for A and c A are each
equal to one chain. In the right-angled parallelogram B A, B x is equal to
the versine ¥ A of the angle B®4; and also in the right-angled paral-
lelogram @A, &' ¢ is equal to the versine Aa of the angle cA. Any

a3l
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other number of points on the curve might have been obtained in the
same manner. In the tables here given, the tabular ¢ tangents ’ all cor-
respond to AH, AH, A B, and A B?, &c.; and the tabular offsets all cor
respond to mB, m!c; H?c!, H*c? for different radii of carves, and
for points along the curve distant half a chain each from each, so that a
curve of any radius given in the tables may set out on the ground, with-
out theodolite, with the greatest facility and with perfect accuracy by

Fig. 1.

HS

any one who can chain with care and set off a right-angled offset, both
simple operatione, which even a good ganger is perfectly competent to
accomplish, so that, with the tangent starting point, and the direction
of the tangent being given on the ground, much time may often be saved.

As an example, we will take a curve of 10 chains radius ;—referring
still to the last figure, and to Table IV., let o B be the first chain, B¢
the second, and c ¢! the third chain, &e. &e. ; leaving the half chains out
of the question for the present, we find the length of the first tangent to
be 998, to which make A & equal ; make A &' equal to 1986, the length of
the next tangent in the table ;—chaining still on in the direction A », make
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AH? equal to 2955 for the length of tangent for the third chain m? and
then on to u?, leaving a mark at 389-4 for the fourth chain at u?, &e., &e.

Referring now to the column of offsets, make m B equal to 5°0 links,
which will give the length and direction of the first chain A B;— from &' set
off ' cat right angles to A D, and make H' c equal to 199 links ; this will
givethe length and the direction of thesecond chain &' c. Inthenextplace,
from u? set off B? ¢! at right-angles to A D ; from the column of offsets in
the table, take out 447, the length of the offset due to the third chain, to
which make u? ¢! equal ; this will give the length and the direction of
the third chain cc?, and s0 on until we change the direction of the
tangent. We now come to the operation of setting out a curve from one
tangent to the other, as shown in fig. 2 on the next page, in which we
will suppose the radius of the curve to be still ten chains. It may be
observed here, as regards the actual meaning of the words ¢ chain,” and
¢link, that the length of chain may be 100 feet, or 100 links =66 feet,

or 100 decimetres, it being only necessary, according as we are working

on one or the other system, to have a chain of the proper length, and a
ten feet, ten link, or ten decimetre rod, with each unit properly divided
into tenths, g0 as to be able to do the work with sufficient accuracy. If,
for instance, we have a ten *chain’ curve, then we shall use the ordinary
66 feet chain and a ten link staff, properly divided ; and if we have a
curve of 1,000 feet radius, then we shall use the 100 feet chain, and a
ten feet staff divided into feet and tenths, &e., &c.

In the figure now referred to, it will be seen that it is here proposed
to illustrate the two methods of setting out, that is, with and without
theodolite, both systems being applications of practical mathematics in,
the field : in the one system we set out by angles and chords, and in the
other by the lineal measurements of the angles only ; both systems will
bring about exactly the same results if properly carried out. Commencing,
then, at the very beginning of the work, we measure the angle A ¢ B, and
divide it by 2, which gives the angle A 0o ; deduct this from 90° and we
get the angle c oA, to which A o is the tangent.

Let the angle B cA measure 79°—36’, half of which is 39°—48', equal
tooc A ; subtract this from 90°, and we shall have 50°—12’, equal to the
angle coa, to which ca is the tangent. The first point we require
is A; to find this we take out from Table IIL the natural tangent
of 50°—12', which is 1-2002 ; this, multiplied by the radius of the curve,
gives the length of c A, which, measured off from.c, fixes the point 4 ; in
the present case, 1:2002, multiplied by 10, gives 12:002, which, measured
off along the tangent ¢ A, fixes the point A.

This preliminary settled, we may proceed with our work of setting out.
The direction of A ¢ having been carefully determined already, we have
only to chain on from A to 1/, equal to 99°8, leaving there some small
pig- (as of course we are supposed to do all along), and on to 2, equal
to 1986, and to 3, equal to 2955, . . , . . . and s0 on to 6, equal to
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5646, We are here getting into obstructions of bushes and broken
ground, and we will therefore set out a new tangent. Before doing this,
however, we must set out the offsets which will determine the points on
the curve,

From'1’ et out 1’1, equal to 5:0; from 2’ set out 2'2, equal to 19'9;
from 3’ set out 3'3, equal to 44:7; . . . . . and 8o on to 6/, where the
offset 66 will be 174'5. It will be unnecessary to observe that the line
A 6/ must be chained perfectly straight, and in line with the tangent A c,
of which it forms & part, and that each point must be carefully set out
at its correct length ; also that the offsets must be set off perfectly square
to the tangent, which should be done with the cross-staff, and, of course,
that the length must be accurately set out.

‘With regard to turning the straight line, or getting a new tangent:
the setting out has been stopped at the 6th chain, then set the cross-
staff on the last tangent at 3/, and through the point 6 sight out the
line from 3', through 6, on and beyond 14/, according to the distance

Fig.s.

we intend to run out. The chaining is now to be recommenced from
the point 6; 6, 7/, is made equal to 99'8; 6, 8',is made equal to 198:6 ; 6,
9, is made equal t0 295°5; . . ... ... and so on until we get to 14,
where the length is made equal to 717°4. The tabular offsets are set off
in the same manner as already explained, until we get to 14/, 14, where
the length of offset is 235-2.

Here we propose again to set out a new tangent, and this is done in
the same way as we did it last; this time, however, we have set out 8
additional chains on the curve, therefore set up the cross-staff at 10’, and
sight the new tangent through the point marked 14.
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It is, of course, understood that the measurements given above, for the
lengths of tangentsand offsets, are taken from the tabular numbers given
in the columns of tangents and of offsets in the Table, prepared for a 10
chain curve, and that these tabular numbers have all been calculated
Arom the sines and versines of the angles at the centre of the chrve.

It is a very common occurrence, when setting out work, to meet with
obstructions on the ground. We have an illustration at fig. 3, where the
tangent runs into and along the bank of a river. Set out the work from
1 and 2 a8 before, and from A, set out A D exactly at right-angles to the
tangent, and make A » some 8 or 10 feet, as convenient; in the next
place, from any point B (carefully sighted on the tangent), set off Bc,
exactly equal to A p; from 2 set off 2 E, exactly equal to AD and to BC;
set up the cross-staff at p, and see that p, E, and c are all three exactly
in line. From point 2 we can now set off from & to 3, 4, 5, &c. ; the of
sets set off from these points will merely be 8 or 10 feet shorter than they
would have been otherwise. If the cross-staffis true, and the work is

Fig. 4.

carefully done, there will be no error. This method may also be adopted
where the tangent runs along, or on the wrong side of a fence.

In fig. 4, we have an illustration of a case requiring even more care
than the last. Both the curve and the tangent run for 2 or 8 chains
across a river. From 1, 2, and 3, set out the offsets as before. From 3
set out 3 B, exactly at right angles to A 8, and observe both the angles
B3 A and B 3 8 to ensure that B 3 is really square to the tangent, as other-
wise the work will be valueless. Make 3 Bsome 2 or 3 full chains long, so
that it may be somewhere about equal to 3 c. Having done this, measure
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the angle 3 Bc with the box sextant; enter the observation in the fleld
book, and then measure the angle 3 cB: the two together should make
up 90°; if otherwise, the work has been badly done.

Let the angle 3 B ¢ measure 52°—26', and let 3 B be exactly 2 chains.
From p. 141 (Table IIL.), take out the natural tangent of §2°— 26, equal
to 1-300, and multiply it by 2, and we shall have 260 for the exact length
of the line 3 c.

Now, let us suppose that we are setting out a 15 chain curve. By re-
ferring to the proper Table, it will be found that for A 3, the length of the
tangent set out, we have 298, which, added to the above 260, gives 568
for the length from A to c¢. The next chainage on our tangent is, by
the Table, equal to 5841, and the difference between this and 558 is
equal to 261 ; and if on the ground we set out this 26:1 in continuation
from ¢, we get the point 6, from which we may set off the offset due to
the curve, which is 118-4, Through 3 and 6', we shall be able to set
out a fresh tangent.

The theory of setting out curves by tangential angles, or by the
offsets given in the Tables, is very simple; butin practice, some discretion
is required in applying the theory, so as to obtain the best results in the
easiest way.

In setting out with the theodolite, it is very desirable not to have to
remove the instrument oftener than is absolutely necessary, and there-
fore stations should be selected, from which as many stumps as possible
may be set out at once.

In the subjoined figure, p. 152, we select a case in point. Curves gene-
rally run along the sides of hills, so as to diminish the depths of cut-
tings and heights of embankments; in the example given, we suppose
the line to be in cutting. Let A and p be the points of junction with the
tangents, A being the point from which the curve is to be run towards
p. Now it will be perceived that A is at the foot of the hill, and that
there are five hedges to intersect, each of which will considerably impede
the view, if the instrument be set up at A, unless gaps are cut for every
stump to be set out ; and this kind of work always occasions a great
deal of loss of time, unless very tall ranging rods are used, which we
object to, because they are never held sufficiently upright.* But if,
instead of being in the hollow at 4, the instrument were placed on high
ground, we should be able to look back, and down upon the work,
80 88 to see over the hedges. If, for instance, the instrument were
placed at B, at the higher ground-level, not only should we be able to
do this, but obtain also an unimpeded view towards o, and thus, after
fixing the point B, range out the whole of the curve from one single

point.
* The writer, in his practice gi out works, hardly ever uses ranging rods,
C]

bntpr«fenshn pieeu hi hhedwnynlntermmwmmd
with the cross-hairs of diaphngm the theodolite.
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From the plan we take into the field, we can easily ascertain whether
this point, B, is at 8, 9, or 10 chains on the curve — it does not matter
which. We will suppose that we select the 10th chain, and what we
have now to do is to fix the point B, on the ground, from the point of
junction A, which is at, say, 23 chains and 60 links.

Now if from this point we can set out the line o B correctly in length
and direction, point B will be correctly fixed on the ground. Since the
Jjunction, 4, is at 23-60, the length of curve, from A to B, should be
exactly 1040,

Fig. 5.

For a curve of ten chains radius, the tangential angle for 1 chain is
equal to 2° 51'9’ (Table ITI., p. 120); then for a length of 1040 on
the curve, the angle cA B, to be set out, will be 2°51'9’ x 1040 =
29° 47-6'. This angle will accurately fix the direction A B; therefore
set up the theodolite at A, and set out this angle of 29° 47-6’; and as, in
doing this, we shall be working from right to left on the instrument,
the reading on the limb will be 360°0' minus 29°47-6', equal to
330° 124’ — the instrument being set up with o in the direction of c.
‘We now want the length of the straight line A B, which is the chord of |
that portion of the curve. Now, the chord of an angle, or are, is equal |
to twice the sine of half the angle subtended by such are, or chord;
and the angle.at the centre, which is the angle subtended by our arc or
portion.ofeurve B A, is equal to twice the angle %90 47:¢’, and we
have therefore to take twice the sine of this angle. At page 83, we find
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the sine of 29°47'=°'49672, and for 29°48 =°49697; the mean of
which (more than near enough for our work) will be *49684, equal to
the sine of our tangential angle, or to the sine of half the angle sub-
tended by the arc or chord; and twice this sine multiplied by 2
equal to *99368, and this multiplied by the ten-chain radius of curve,
equal to 993'68, 993 links and . According tothe care observed in
chaining this distance, or the line A B, so will the point B be more or
less accurately set out on the curve; and as from this single point, the
18 stumps on the curve may all be set out without removing the instru-
ment, it is worth while to measure out this distance as carefully as
possible.

‘We will therefore suppose this partion of the work accomplished, and
only further remark that it may be carefully carried out in the field in
a much shorter time than it will take to read this explanation, when
once the method is well understood. The half-chains have been left
out in order to avoid confusion in the diagram, but for sharp curves
these should always be set out.

' The instrument may now be removed to point B, with the vemier
clamped to 29° 47-6', and the telescope turned on to A. The tangential
angle, 2° 519 x *40 (the distince from point A to stump 24), equal to
1° 87/, and this deducted from 29° 476’ equal to 28° 38-9, which is
the reading for 10 chains (page 120), equal to the distance on the
curve, from B to 24. To this angle therefore the instrument is set,
and peg 24 driven at the end of the chain from 23 to 24; the in-
strument will now be set at 27° 13’ (9} chains), and peg 24} driven
at the end of 24} chains. The vernier is next set at 25° 47/ (9 chains),
and peg 25 driven in line with the centre of the telescope and at the
end of chain from 24 to 25. The vernier is next made to read 24° 21
(8} chains), and peg 25} is driven in the line pointed out by the in-
strument, and at the end of 25} chains, &c., until we come to reading
1° 25'9’, which will fix the stump between 33 and 34; and finally the
vernier is brought to zero, which will fix the direction of the tangent
to the curve at the point B.

The telescope is now reversed, or turned over in its standards to set
out the remainder of the curve. We are now going to read from right
to left, and we take the column headed ¢Left-hand Reading.’ The first
tabular number is 358° 34-1’ (} chain), and this will fix the peg at
84} chains; the next reading is 357° 8'1’ (1 chain), which will fix the
direction at the end of 35th chain, and so on to the end of the curve.

It will very often be found convenient to set out the whole of a curve
with the theodolite from a single point in the middle of a curve, which
may be done in the following manner.

Referring to the diagrams at p. 148, it will be seen that c o is the
secant to either of the equal angles Aoc, Boc; multiply the radius of
curve by this natural secant, deduct radius, and the remainder will be
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thé distance from c, the intersection of the tangents, to the middle of
the curve; set up the instrument at ¢, and lay out aline in the direction
co, by dividing the angle AcB exactly in two; on co, set off the dis-
tance found, from c to the middle of the curve. This part of the work
may be very accurately tested, for each of the angles of deflection from the
middle of the curve to the tangential points A and B, should be found
vequal each to each, and their sum should be equal to. the total angle
of deflection Acs, egnal to half the external angle at ¢, which has
always to be measured in order to set out the points A and B, from
which the curve begins to deflect from each of the tangents.

The total angle of deflection, ca B, divided by the tangential angle
for 1 chain, is equal to the length of the curve. We have now all that
is required to enable us on many occasions to range from the middle of
the curve every stump towards A and B. As an example, let. the radius
of a curve to be set out=20 chains ; ‘angle of deflection cA B, equal to
half the external angle at c,=25°—21"226, half of which equal to
12°—40"613 =angle of deflection from the riddle of the curve to either
point of junction, A or B.

Tangential angle for 1 chain= 17189 =1°—25"945, and 12°—40"613 —;2”::2
=885 chains = half length of curve.

Let the distance from the last full chain stump to the commencement
of curve measure 60 links; then we shall have 40 links of curve up to
the next full chain stump, and the half length of curve=_8-85—(040 + 8)
=045 = the distance from point 8 to the middle of the curve.

The tangential angle due to 40 links =85°945 x 0-40=0°—34"4.

» 8 chains . . =11°—-27"-56,
the sum ofwlnch deducwl from the sbove 120 —40-613, will leave 386
for the tangential angle dye to the 45 links from point 8 to the middle
of the curve.

Now plant the theodolite at the point ascertained as the middle of the
curve, set the vernier to the angle of 12°—40"5, and bring the glass to
bear on the stump at the commencement of the curve; unclamp and set
to 12°—-6"2 (12°—40"6—34"4) for the next stump, and then to
10°—40"2, for the following stump; and so on to the end of the curve.




TABLE V.

TABLE FOR SETTING OUT CURVES WITHOUT THEOQODOLITE, ON
THE PRINCIPLE OF TANGENTTAL ANGLES, BY TANGENTS AND COii-
RESPONDING OFFSETS, CALCULATED FOR PRACTICAL FIELD USE,
FROM THE SINES AND VERSINES OF THE ANGLES AT THE CENTRES

OF THE CURVES.
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CONTRACT EARTHWORK TABLES AND
MEASURING TUP.

Tem accompanying Earthwork Tables have been prepared with a view
of sparing labour and economising time in computations not only of
great length, but always of considerable importance in railway, road, and
other contracts, always requiring a great amount of checking before the
calculations are considered as satisfactory. Having been worked out for
every six inches in depth, they will be found to produce more accurate,
and, in contract matters, more satisfactory repults, than are usually ob-
tained. During the last eighteen months the writer has had to take out
contract quantities of earthwork on some long and heavy lines, and the
contractors particularly requested that the calculations should be made
on this system. The tables in ordinary use only give quantities for
every foot in depth; those now submitted give the quantities for every
six inches tn depth: and when it is considered that in cuttings, say from
30 to 35 feet deep, for every six inches in depth the quantities for the
slopes only are upwards of 180 cubic yards, and for earthworks at 2 to
1, and for the same depths, the differences are 250 cubic yards, it is not
surprising that there has almost always been so much dissatisfaction
in contract matters about earthwork calculations.

To make this plainer, and at the same time explain the use of the
tables, let the following few depths of cutting, from portion of a contract
section, serve as an example. It is not that the most perfect accuracy
of the tables in ordinary use is questioned ; but they are not carried
far enough, nor sufficiently detailed.

Formation, 20 feet ; slopes 1} to 1; 100 feet chain.

1. m oL Iv.
31-90 . . "
39:40 80593 8069'3 32:05
34:50 8496 87162 383:45
3820 10109 10105°1 3635
4243 11859 12112-5 4031
4668 14309 142977 4465
5230 . 17281 172792 4949
4942 17904 18227-8 50-82
49-30 16968 17279-2 49:66

1060770

In the above, Column I. gives the depths of the cutting in feet and
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decimals, and Column II., the quantities in cubic yurds, from the tables
in ordinary use. Column IIT gives the quantities in cubic yards, taken
from the accompanying tables, and due to the mean heights given in
Column IV. Thus, 3190 and 32:40 in Column I. give 3205 for a mean
depth in Column IV., and the tabular number in Table VL., for a forma-
tion width of 20 feet, with 32 feet depth, gives 23704 cubic yards; for
the slope of 11 to 1, Table VIL. gives 56889 cubic yards, at the same
depth of 32 feet, and these two numbers, added together, 8059°3 cubic
yards, entered in Column ITL

It will be observed of these tables, that the writer has adopted the
plan of separating the quantities due to the formation width from those
due to the slopes; this has enabled him to bring within a very small
compass tables calculated for every six inches in depth up to 80 feet,
for 10 different widths at formation, and for 8 different slopes; there is
no other trouble in making use of them; than to pick out the tabular
numbers and add them up, and the circumstance of their being calcu-
1ated to half a foot, makes them, in actual contract practice, much more
accurate than tables calculated by the prismoidal formula for only every
foot in depth, it being, of course, understood that in making use of these
tables, it is to be done chain by chain of 100 feet along the length of
section.

It is also to be observed that the plan adopted of separating the forma-
tion quantities from the slope quantities, offers great facilities in adjust-
ing the balance of earthworks ; that is, of widening embankments for the
disposal of excess of cutting, or vice versd: and also where it is advisable
to resort to side cutting in the formation of embankments in preference
to extra cutting from the excavations, all allowance being made for the
long haulage of empty waggons over steep gradients, which are now the
rule instead of the exception.

Every engineer knows the importance of cross sections in order to
arrive at practically and satisfactorily accurate results in determining
the quantities in heavy earthworks; he knows also that to obtain these
results great care is required in plotting the cross sections of cuttings
and embankments. Though the operation is exceedingly simple, he is
equally well aware of the amount of time occupied in calculating the
areas, and in checking the work. The Earthwork Tables here given will
materially assist in redueing the time and care required in these opera-
tions to a minimum. In the annexed figure, is'a cutting in sidelying
ground 35 feet deep at centre stump, but at A the depth scales only
30-75; set off B A equal to 3050, and the tables at onte give the quantity
in cubic yards due to the area Ao ¥ cD, leaving merely the area of the
triangle AD E to calculate. If the area A® oD is calculated from the .
croes section, the quantities from the tables will prove if A ¥, B¢, and
c D have been correctly plotted, and the area accurately calculated ; the
work will be safe from all chance of error.

H
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In heavy earthworks, we are all aware thatin preparing the quantities
for the monthly certificates, the work of squaring up from measurements
taken on the ground always occupies considerable time. Table L of

Earthworks will be found to save much time in making these calculations,

or in checking them, as the annexed figures will show. In fig. A, leta

be 12 feet wide and 15 feet high, then, by Tuble VI., we have 6667

cubic yards due to this area; let  be 30 feet mean width, and 10 feet
Fig. A,

mean height ; twice 15=30; on the 10 feet in column 30 we have 5556
cubic yards, and this, multiplied by 2, gives 11112 cubic yards for the
portion &; let the portion ¢ be 65 feet mean width, and 9 feet mean
height ; we may take twice 24 plus 17 =67 by 8, and we shall bave—

7111

711°1

5037

19259

And for the whole area of A we shall have—

Cubic yards.
a= 6667

b=1111"2
¢=19259
3703-8=A.
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At the next point of measurement determined on, let the eross section
be as in fig B. Let a be 12 feet wide and 16} feet high ; for this first
portion we get from Table V1., opposite 16-5, 7330 cubic yards ; for 5 let
the mean width agreed to be 50 feet, and depth 20; then 24 plus 26 being
equal to 50, we take out from opposite 20 feet deep 17778 cubic yards,

Fig. B,

and 1925°9 cubic yards=3703-7 cubic yards ; for portion ¢ let the mean
width and mean height be 98 feet and 10 feet ; then for width we shall
have four times 20 and 18 =98, which will give from the tables 2962-8
and 666-7, equal to 36295 cubic yards. For the whole due to area B,
we shall have—

a= 7333

¢=3629"6

80665 cubic yards=B.

The mean of 3703'8 and 80666 is equal to 5885 cubic yards, being
the quantity upon a length of 100 feet. But let us suppose thatit is 190
feet instead of 100 ; then we take the 90 as a decimal, and we shall have—

5885
19

52966
5885

111815 cubic yards.
We will conclude by an apology to engineers for the details above
given; but they will be so good as to remember that these pages will

come into the hands of students, and even of working men, and that,
necessarily, explanations must be full and simple.

"2



L.rozr L.IIXX 6.526 €EER o.:gL oYL “vvoy vy =y
9.5511 L.9901 6.888 0.008 9.§5¢ 11l £.999 £.E€§ o.z1
b.lo1t 7.2201 6.15g L.99L 1.bzl S.189 6.8¢9 111§ S.1x
£.6501 8.LL6 g.vrg £.E6L 9.z69 6.159 1.119 6.g3¥ orr
1.1101 £.£€6 8.LLL 0.00L 1.199 z.229 £.£85 L.gg¥ Sor
0.£96 6.838 Lobl £.999 9.629 9.26S 9.55§ b4ty oor |
g.¥16 bbby L.tol £.£€9 1.86S 0.£9§ g.Lz§ z.zzd §6 !
L.998 ©.008 £.999 0.009 L.99S £.EES 0.00§ o.oot 0.6
S.g18 9.55L 9.679 L.99§ z.S€§ L.go§ (X744 8.LLE S.8
b.oll .11l 9.265 £.EES L.£oS | 8744 L A 444 9.55¢ 0.8
2.2zl L.999 §.55S 0.00§ z.zl¥ 2 A 244 Lor¥ [%%11 S.L
1.¥l9 z.239 S.81§ L.gg¥ L.ott gyiv 6.83¢ .t o.l
6.5z9 g.LL§ S.agh £.ee¥ €.60¥ z.58¢ 1.19€ 6.88% S9
8.LLS £.66§ s 4 o.00¥ 8.LLE 9.55¢ £.65¢ £.99T 0.9
9.6z§ 6.g98% b.Lob L.99¢ £.9b¢ 6.5z¢ 9.50f bbbz S.S
S.agh L 2434 .0lE €.LE€E R4t £.967 g.Llz z.272 o.§
[ R134 o.oot £.£6¢ o.0of £.£32 L.99T 0.0§z 0.052 Sy
z.5g¢ 9.55¢ £.962 L.99% 6.152 o.ltz z.22% g.LL1 ot
o.LEE g £.652 £.8€z b.ozz ¥.LoT $.¥61 §.851 S.£
6.88% L.99% 27T 0.002 6.881 g.Ll1 L.991 £.681 o.f
L.obe z.ztT z.581 L.991 b.LSt 1.8¥1 6.g¢1 1111 Sz
9.z61 g.Llx 1.8b1 €.EEx 6.5z1 S.g1x I.III 6.38 o.z
b A44 [R23 | L.IIX 0.001 +.v6 6.88 £.£8 L.99 S.1
£.96 6.88 [ £ L.99 o.f9 £.65 9.5§ L A4 o.1
3397 9% 199} ¥¢ ‘997 08 39897 81 3007 L1 ‘3907 91 ‘3095 91 o9 &1 woor
sqydoq

‘SHLAIA NOLLVAYEOL

NIVH)) 138 00 ¥3d §AEVY OIHA)) NI SELLILNVAD.

‘SMLAIM NOILVHIEOL H0 IVHLNED ¥04&

‘SHTIVL SMUYOMHIIVE LOVALNOD

‘IA LTIEVE




|92

—

6.158%
000.82
1.8¥viz
£.9697
Y4ioT
9.2657

L.o¥Sz
6.g3vz
o.LtbT
z.5gET
£.£6€z
S.187%

9.6zzz
g.Ll1z
6.5z17
1.¥LloT
2.2207
b.0L61

§.g161
L.9981
g.vIgr
o.£9l1
I.11lx
£.6591
¥.Logx
9.5551
L.SoS1
6.15%1
0.00b1
r.gbt1

1.8v97
0.009%
6.155z
L.toSz
9.55vz
b.Lobe

£.65¢%
.rifz
o.£9zz
g.b1ze
L.ggr1z
S.gri1z

Y.oloz
%.220T
1.¥L61
6.5261
8.LLg
9.6zg1

S.rglx
R2VA §
z.5891
o.LE91
6.8851
LotSt

9.26%1
bibr
£.96€1
1.gbtr
0.00¢1

6.15z1

L Asast
o.00bz
9.55¢z
.11tz
L.99zz
2.7722

g.lliz
t.EE12
6.8g0%
Y.¥voz
©0.000%
9.5561

1.1161
L.9981
z.2281
8.LlLx
£.68L1
6.8891
Y491
0.0091
9.5551
LIISr
L.gg¥r
z.zeh1
8.LLEx
£.E881
6.8321
Yber
0.0071
9.8511

L.ovzz
0.002%
£.6512
S.g11z
g.Lloz
o.Lfoz

£.9661
9.§561
8. 161
rylgt
£.eeg1
9.26L1

6.15L1
1111
Y.0l91
9.6291
6.8851
1.8v81

¥.LoS1
L.ggbrx
6.5zvr
z.5g€1
L A 4231
Lfof1

o.£9z1

T.TTT1 .

S.xgra
Lobrt
0.0011

£.6501

o.Lf0z
0.0002
0.£961¢
6.5261
6.3881
6.1581

g.brgr
8.LLLY
L.ovix
L.fol1
£.9991
9.6z91
9.2651
§.5551
§.8151
S.xebr
L A4adt
b.Lobr

b.oLEx
£.E8€x
£.9671
£.65z1
2.22%1
z.SgII

r.ghrr’
I.I11L
r.blox
o.Lfor
0.0001

0.£96

PRATI
0.0081
L.99lt
£.8¢L1

0.00Ll1I .

L.9991

€.E€9r1
0.0091
L.9951
€.6E81
0.00§1
L.ggbr

£.e841
o.oobr
L.9gtr
£.eE€1
o.00f1
L.99zI
€.E€zx
0.0071
L.991X
€611
0.0011

9.9901
£.E€01
0.0001

L.996
£.££6

0.006

L.998

S.atlr
0.00l1
§.8991
o.Lfg1
9.So91
FRZAT ¢
9.z¥S51
LI1§1
9.6Lb1
r.gbvr
Lgrbrx
[ XY 3%

LESER
z.zzlr
L.obz1
£.65z1
8.lzzx
£.9611

g.vorz
R332
6.1011
Y.olox
6.gfor1
b.Loox

6.5L6
b.4v6
o.£16
S.188
0.0§g

$.818

9.6291
0.0091
b.ols1
LobSt
11151
S.agbr

6.15vx
z.zzbx
9.76¢1
o.£9f1
€.E¢8x
L.Eof1

1.blzx
b.yber
g. b1z
z.Sg1Y
9.5511
6.Sz11

£.960x
L.9901
o.Lfor
$.Loox
8.LL6
1.8¥6

S.816
6.388
£.65g
9.62g
0.008
Yold

8.Lz§1
0.0051
z.zlie
L Aass]
L.grbr
6.88¢1

1.19€1
£.6€€1
§.5ofr
Lillet
0.0§71
2.22%1

Y611
L.gg1r
6.g€11
1111
€.£go1
§.§So1

L.Lzox
0.0001
z.zL6
.46
L.9t6
6.388
1.198
£.£88
9.508
g.LLL
0.05L
(X174

z.729
0.009
g.LLS

S.lz
o.lz
S.9z
0.9
§$.5z
0.57

Sz
o.bz
S.tz
o.fz
S.2z
0.2z

S.az
0.1
S.ot
0.0
§.6r
0.61

§.81
(X3
S.l1
o.l1
S.91
o.91
§.S1
o.51
S.hrx
ot1
S.f1
o.ft




€.960% L.fogt 1.x1SE S.g1eE 6.5¢t6z £.£€92 o.LgvT LovEe +.461¢ 9.55L1 sev 1
b.pbot 9.55LE L.9g¥t 8.Liag 6.888% 0.009% 9.55Vvz 1.118% L99te [ R 177} 0.6¢
9.266€ d.LoLE L R79 43 o.LE1E 6.158% L.99St (R 4347 S.18tT 6.817 Il S.g¢
L.ob6g £.659¢ g.LLEE £.960f g.bige £.6857 9.268¢ 6.15z7 LI 6.8891 o.gf
6.888¢ 119t (X111 9.550f g.Lily 0.00§7% 11987 TeTee £.£g07 9.9991 s.§
o.LEgE 0£9S¢ | 6.g32f | g.brof Loblz | Loobe 9676z | ogwé1z | g.SSor | bibox o.L§
v.SgLE g.b1S€ ¥.bbet 1.9L67 L.Solz £.E¢hz 1.8672 0.£917 g.Lroz z.0T91 S.9f
£.£8L¢E L.gg¥t 0.00tf £.£€62 L.999% o.oobz L.99tT £.£€1z |  o.000z 0.0091 o.9€
S.189¢ S.g1b€ §.551€ 9.268% 9.629% L.99fT v.5¢%z Lgorz z.2l61 8.LLSt $.5¢€
9.629¢ b.oLEE 1.amé 6.158% 9.365% €687 L.torz 1.bloT Y61 §.5551 o.5¢
8.LLSE (X113 L.99of 1.118% 9.555% 0.00£7 z.eliz y.boz L.9161 £.EE5T S.¥e
6.525¢ 1.¥lzg z.xzof Vollz S.g15% L.99zz Lobiz g.v10z 6.3881 LISz o.be
| 87447 6.522¢ 8.LL6% 9.6zl S.ighz €.E€2z £.6017 2.5861 1.1981 6.38¥v1 S.£€
z.zzht g.LL1E £.£867 6.889% Ytz 0.002% g.LLoz 9.§561 £.EEg1 L.gotr o.£€
b.0lE€ 9.6z1¢ 6.888% 1.8¥9z V.Lobz L9917 £.9¥oz 6.5261 9.5081 A B aqdt S.z€
S.gret S.1go€ Y.4bge Y.logz V.olfz £.£€12 g-v1oz £.9631 g.Lilx v.zzhr 0.z
L.99z¢ £.£€0€ 0.008% L.99ST £.£¢¢z 0.001% £.£861 L.9981 0.05Lx o.oobr S.ag
g. b1zt z.586% 9.55Lz 6.925c €.96zT L.990T 6.1561 o.L8g1 z.zTll 8.LLE1 o.1¢
o.£91¢ 0.L£67 r.i1lz z.Sghz £.65zz £.£€07 Y0261 ¥.Log1 Y.4691 9.5S€1 S.of
r.Ireg 6.388% L.999T Yibbe 2.2272 0.000% 6.8881 8.LLLY L.9991 £.EE81 o.0f
€.650f L.ovge €.229T L.tobz €.Sg1% L.9961 .L5g1 1.8¥lt 6.8%91 r.arfx .6
¥.LooE 9.26Lz 8.LLST o.£9fz 1.g¥1z £.££61 6.5zg1 S.g1l1 1.1191 6.8871 0.6T
9.556z v¥biz £.£¢52 v.z787 I.I11Z 0.0061 Y 46L1 6.8891 £.£851 L.99z1 S.82
L.£o67 £.969% 6.38Vz S.182% 1.¥loz 9.9981 o.9l1 £.6591 9.5551 Y¥bza 0.8%
*3003 8¢ 390} 9 9997 75 3937 68 399} 05 *9967 81 ‘9083 L1 3997 91 ‘300 91 3097 &1

3807 Uy

‘opde

‘FHLAIM NOLLVREOL
(41 ‘ponuuod—IA HIEVL



el1

6.159§
Q.009§
1.g¥s§
£.96¥%S
L A 44
9.26€$

L.obes
6.8825
0.L82§
z.581§
£.E81S
S.180§

9.6z0S§
8.LL6Y
6.526%
1.Yvigh
z.zzgd
boLly

S.g1ldy
L.999¥
g.vigb
0.£95¥
r.aasv
£.65v¥

V.Lotb
'51134
L.tot¥
6.15zv

o.00z¥
- ndeds

1.8¥2§
0.00z§
6.151§
L.So1§
9.§50§
¥.LooS

€.656¢
1.116%
o.£ggt
g.righ
L.99-¥
S.g1l¥

b.olgb
[X17:14
1LY
6.5z5v
g.LLYY
9.6z+¥

S.agtd
[ X 1134
2.5z
o.ltzV
6.881%
Loy

9.z60¥
b.¥bot
£.966¢
1.gv6¢

0.006¢
R «ChC

L 34734
o.00gt
9.55LV
rrrl¥

L.9g9g9¥
z.229v

8.LLSY
£.£65%
[X11a4
o.ttbb
o.ootd
9.55¢%

rItd
L.99t¥
[ X114
g.LL1Y
[ R1384
6.ggo¥

btvob

0.000V
9.556¢€
1.116¢
L.998¢
z.zz8¢

8.LLLE
£.£ELE
6.389¢
+.4h9f

0.009§
~ CCCC

Lottt
o.ootb
€.65EP
S.gIfy
g.llzy
o.lfzh

£.961%
9.551v
gy
1.¥lob
€.£¢0b
9.266¢

6.156¢
1.116€
Y.0lgt
9.6zg¢
6.88L¢
1.8¥LE

¥.LoLE
L.gg9E
6.Sz29f
z.5g5¢
ybSE
L.goSE

[RX121
(X343
S.1gtt
Lobte

0.00£¢§
€ AC~C

o.Lfo
o.000t
0.£96¢
6.576¢

6.388¢
6.158¢

g.brgt
8.LLLE
L.obLE
L.tolt
L.999¢
9.679¢
9.265¢
9.§55¢
S.g15¢€
S.1gbe
1 8444
¥.LovE

V.0LE€
£.£E€¢C
£.967¢
£.65z¢
[X 1113
z.581¢

r.gb1t
T.ar1f
1.¥Lof
o.Lfof

0.0008
~AChle

£.£€9¢E
0.009¢
L.995¢
£.EES¢E
0.00§¢
L.ggvt

£.L6¢€
o.00tt
L.99ft
£.£e€¢
0.00£¢
L.99zt

£.£82€
0.00z¢
L.gg1€
£.e818
0.001§
L.990¢

£.£€08
0.000§
L.g96z
£.££6%
0.006%
L.9987

£.£€87
©0.008%
L.99lz
t.ttLlz
0.00L%

! annw

S.aebe
o.00tt
S.89E¢
o.LEEE
9.50¢¢
1.¥Llz€

9.zbz¢
r.arzé
9.6L1¢
1.8v1¢€
L.orxg
z.5g0¢

L.gSot
z.z70¢
L.066z
£.6567
8.L26%
£.963%

g-+98z
t.tige
6.1087
bv.ollz
6.8€Lz
Y.Lolz

6.5L9t
o.v¥gz
o.f19z
S.185¢
0.085%
Canslmw

9.6zz¢
0.002§
Y.ol1€
Lobig
g
S.180f

6.x150¢
z.Tz70f
9.2667
0.£967
£.£E67
L.£obT

1.vigz
vbge
g.vigz
z.58lT
9.55L%
6.5zl
£.969%
L.9997
o.LtgT
Y.Logz
g.LLST
1.8¥5%

S.g18z
6.88v7
£.65vz
9.6z¥z

o.00bz
S AlCw

g.Lzot
0.000&
z.zl6%
L A% {17
L.916%
6.8387

1.1982
£.6£87
9.5087
g.Lllz
0.05l7
z.zzlz

Y69z
L.9997
6.8897
1.119T
€.£857
9.555%

g.ltSz
0.005T
z.zlbe
Y iibe
L.otve
6.88¢z

1.19¢2
£.68¢c
9.50¢z
8.Llzz
0.0522

z.zebz
o.0obz
g.LLET
9.55¢z
[A%2%%
1.11fz

6.8872
L.992%
bbbz
T.77T7
0.002%
g.ll1z

9.551%

€817

1III%
6.8807
L.9g0z
V.¥boz

2.2707
0.000%
8.LL6Y
§.5561
£.££61
1.1161

6.8881
L9981
v.ibgr
%.2781

0.0081
allle

§.¥S
oS
S.£§
0.£§
§.z§
0.z§

S.1§
o.1§
S.0§
0.0§
§.6%
0.6V

S.gv
o.g¥
S.LY
o.ly
S.g¥
o.g¥

S.5v
o.5¥
Sy
ot
S.tv
X34

S.zh
o.z¥
S.ab
oad

S.ob
~nnk




£.9689 L.Sobg 1.116§ S.g1¥s 6.526¥ [ 1224 o.Lg1¥ L.ob6E ¥.469¢ .§§62 S.
V.¥bgo 9.55€9 L.998S 8.LLES 6.888% o.oott 9.551¥ 1.116¢ n.ooWn m.nnmn o.w“
9.26L9 V.lofg 22788 o.LEES 6.15g% L.oggt¥ 1.verd S.188¢ 6.369¢ 1.1167 §.59
Lovlg £.6529 8.LLLS £.962§ g.bigh EELEY 9.z60% 8.15g€ 1.119€ 6.3837 o.59
6.8899 1.11%9 £.EELS 9.§52§ g.LLLY o.00f¥ 1.190% (%1711 £.685¢ L.9987 S.¥9
0.L899 o.£919 6.88995 g¥rz§ | Lokl L.ggz¥ 9.6zo¥ 9.76LE 9.55S€ b.bbge o.bg
©.5859 g¥rrg . ¥¥9S .bl1§ L.tol¥ €.Eezb 1.866€ 0.£9L¢ 8.LzS¢ T.228% S.69
€.££59 L.9909 0.009§ €.E€1§ L.999¥ o.cozd L.996¢ €.EELE 0.00§ € 0.0087% o.£9
S.1gbg §.g109 9.555§ 9.260§ 9.679% L.9g1¥ ©.586¢ L.folE z.zlbt g.lllT S.z9
9.62%9 ¥.0L6S LI1§s 6.150§ 9.265¥ [ R1% 44 L.£o6¢ 1.¥lgt Y e 9.55lz 0.z9
8.LLEg %7265 L.ggbS 1.110§ 9.555¢ ~o.001¥ z.zlgt b9t L.g1be £.6¢8Lz S.19
6.52f9 1¥LgS T.zzh§ Y.ol6¥ S.g15% L.gg9ot L.obgt g.vigt .6.88E¢ 1.11% o.19
1.blzg 6.528$ R.LLES 9.626% S.aghy £.E¢o¥ £.60g€ v.5gS¢E 1.19€¢€ 6.839% S.09
T.2279 8.LLLS EEEES 6.888" 1 B4asd o.000% g.LLLE 9.55S¢€ €.ELEE L.9997 0.09
b.olig 9.6zLS 6.88z$ 1.8¥g¥ b.Lovh L.996¢ t.9bLE 6.525¢ 9.Sof¢ v.¥vgz .65
S.g119 S.1895 b.bzs Y.logh Y.oltd £.££6¢E g.b1lt £.96¥¢ 8.LLzE 7.229% 0.6§
L.990y €.££98 0.002§ L.ogly EEE 0.006€ £.£89€ L.ggte 0.057¢ 0.009% S.8§
g.¥109 z.585§ 9.5§1§ 6.5zl £.962¥ 9.998¢ 6.159¢ o.LE¥E (X171 LLLST 0.8§
0.£965 0.LESS 111§ z.589¥ £.65z¥ £.££g¢ +.079¢ b.lobE b461¢ 9.558% S.LS
1.116§ 6.gg¥S L.990§ b.vvot z.zeTh o.008¢ 6.88S¢€ g.LLEE L.gg1€ £.£¢65¢ o.L§
£.658S L.o¥bs ©.z70§ L.Sog¥ z.Sg1d L9l - | ¥.LSSE 1.8vE¢ 6.851¢ 11182 S.98
+.LogS 9.z6€9 8.LL6Y 0.895V 1.gb1¥ £.EELE 6.525€ S.g1£€ r.ané 6.38Vz 0.9§
9.55L§ YeS £.£86¥ [ X27%4 a1 0.00LE $.y6¥E 6.88z¢ £.£80¢ L.ggbz §.5¢
L.tolS £.96z§ 6.838% S.aght 1.blob L.999¢ o.tg¥t £.65z¢ 9.550¢ b.be 0.5§
4997 52 W0eF 95 | WOV | "I99 EG 4993 05 | "39) 81 399 21 499 91 “109F 91 e |
. ‘sqade
*SHIJIM NOLLVRHOL .
¥

“pmunguoo—TA TIEVL




291

o.ob L.g6Z 8 L.SY €.86. 8
1.5¢€ g-8vL § 1.0 S.g¥. §.
9.0f 0.669 L o.5¢ 6.869 L
¥.9z £.6¥9 %9 1.0f 6.g+9 %9
9.22 +.665 9 LSz 1.668 9
6.g1 "$.6¥S §s 9.12 ¥.64S s
L.St 8.66¥ S 8.L1 8.66¥ S
9.21 6.6v+ LU S.¥1 L.6¥¥ 1
0.01 8.66¢ L4 Y1 L.66¢ ¥
L.L 6.6¥¢ §¢ 8.8 6.6¥¢ ¥
9.5 8.662 € ¥.9 8.66z €
6.¢ 6.6¥z §z S¥ 6.6vz 124
S.z 6.661 z 6.z 6.661 z
b1 6.6v1 ° 3 9.1 6.6%1 11
9.0 6.66 I Lo 6.66 1
z.0 6.6v § .0 6.6¥ $
s{ury sy syury syury
89550 squoBue, sureq) #9950 sjuedus], surey)
”080. . . . . " “ ‘6 OH—MEQ-P 01000, . . €« [ g Oﬂmg>
1§z10. . . . . “ orjued 98 o[3us jo oulgy Szbro. - . “ oxued 18 o[3ue jo eurg
o.fv—o . . 0 . 13 €« 0I)U3D JE © wﬂdﬁ o6b—0 . 3 “ axyusd udﬂ.@o%wﬂ.ﬂ
Sat—o * ° *  ° ureyd I 10§ o[3us [EHULSULY, S¥z—o - * ureyo 1 205 ofSus [elyuedue],
‘o roe ‘SAICVE SNIVHD of

‘SAQIAVE SNIVHD ©8

‘NIVHD IEEJL oor §O IJdd 99 HHIL 404
FIITOCOTHL INOHIIM ANV SIESII0 X4 STAYAD LNO HDNILLIS 904 ‘A TTIVL




vt £.898 v.ieL L.8LY o.vEY v.68C | & - R £ B o ammn
L.9901 0.008 £.999 £.£€6 o.oot L.99z £.EEx ] o.M“ _
9.6L6 LyeL £.219 8.6 b.L9E 6.4 S.zz1 S.xx
£.968 t.zly 2.09§ v.ghh 1.98¢ 1927 o.z11 o.11
Lo1g S.219 Y.01§ £.got z.90f z.boz 1.201 S.o1
Lobl 9.55§ o.tg¥ VoL g.lle v.5g1 9.26 o.01
§.899 b.10§ g.L1¥ E.VEE LoSt r.Lgt 9.€3 §.6
0.009 o.05¥ 0.5LE ©0.00§ o522 0.0§1 00.54 0.6
v.SES b.10% S.vEE 9.L9z L.ooz 8.£€1 6.99 S.8
1.¥ly 9.5¢¢ £.967 olfz g.LLlx S.g11 £.6S 0.8
Loty S.z1f .09z .80z 2.951 z.bor 1.2§ S.
o.£9¢ %7l 6.97z S.181 1.9%1 L.o6 +.5% o.l
o.f1f LYEz 9.561 $.951 b.Lr1 z.8L 1.6¢ S.9
L.99z 0.00% 9.991 £.£81 0.001 L.99 £.£¢ 0.9
1.¥zz 1.891 o.ob1 0.z11 o.¥g 0.9§ 00.8% S.S
©.S81 6.851 LSix 9.26 +.69 €.9¥ 1.tt o.§
0.051 S.zix L.£6 o.5L £.95 S.LE 8.81 (R4
S.g1t 6.88 ¥l £.65 LA 44 9.6% g.¥x ot
L.o6 1.89 L.9§ 1 234 ot Lz €11 s.¢
L.99 0.0§ Lab £.£¢ 0.5z X1 £.8 o.f
€.9¥ LbE 6.82 s.fz v.Lx 9.11 8.5 Sz
9.6z z.2% S.81 g.br LI .l L. 0.z
Loz Sz ¥.o1 £.8 %.9 (24 1T S.a
.l 9.5 9. LE 8.z 6.1 6.0 o.1
‘108 ‘Tl 10 ¥ ‘101 10 ‘10t 10t uﬂ.ﬂ
‘Sdd018 40 OLLVH -
‘NIVH) 1TMg (01 854 SAEVX 0l4A)) NI SHILILNVAY
‘SEIO0TI8 HOL ‘ITA X IAVL
oLt ‘SATAVL SHUOMHIIVE LOVELNOD



L

6.109§
o.00%§
6.102§
¥.LooS
L.oigh
9.6z9¥
€.9td
L.g9z¥
L.o6o¥
S.g16¢
0.0§LE
T.58S¢

| 84247
L.99z€
o.frif
o.tg6z
Lorge
1.¥i9z
.55z
o.oobe
S.897t
L.obiz
L.910%
£.96g1
9.6LL1
£.9991
$.L551
6.15v1
0.0581

61521

V.107¥
0o.05ot
+.106€
9.55L¢
S.z19¢
[ X 7443

Lbeee
0.00z¢
1.890E
6.8£6%
S.z187
6.839z

1.8957
o.05vz
LyEse
T.TTTT
S.z11e
9.500%

¥.1061
0.0081
V.10l1
9.5091
S.z181
z.zzb1

L¥Ety
0.0§21
1.8911
6.ggor
S.z101
6.8£6

z.10§¢
o.5LEE
z.152¢
9.6z1¢
Y0108
$.£68z

6.8llz
£.9997
L.9SST
0.6¥bz
LEVE
L.ovzz

1.0b12
L.1voz
9.5%61
6.15gr
b.09L1
€.1l91

S.¥gs1
0.00§1
g.Livt
o.gftr
Y.09z1
z.5811

€.zr11
L.rvor
+.£L6
¥.Lo6
g.t+g
Y28l

6.008¢
0.00l2z
6.0097
L.foSz
¢.gobz
g.rifz

z.fzzT
€812
Y.5¥oc
£.6561
o.5igt
9.z6L1

o.z1lx
£.£891
§.9551
S.1g¥r
€.gob1
o.ltfr

9.L9z1
0.00Z1
E¥Err
Y.olor
£.goor
©.8v6

8.688
£.68g
L.glL
6.5z,
o.5L9

0.929

L.oo1z
0.§zoz
L.oS61
g.LLg1
2.90g1
1.98L1

b.L991
0.0091
o¥ES1
¥.69%1
z.9ob1
L Aa4%

o.bgzr
0.§z21
d.lgrx
L.IIIY
z.9So1
8.2001

L.o§6
0.006
L.oSg
8.708
z.95L
.11l

¥.L99
0.529
o.¥gs
1 3441
£.90§
.69

S.oobx
o.0§€1
S.0of1
6.152t
z.voz1
b.LS11

9.111X
L.9901
L.zzon
9.6L6
S.LE6
£.968

0.958
L.grg
[ X7
Lobl
z.bol

5.899

8.£€9
0.00!
1.L9
z.SES
z.bo$§
IR 744

6.4+
X334
+.68¢
0.£9¢
S.LEE
o.£1¢

S.lz
o.lz
S.9z
0.9%
§.Sz
o.f¢

Stz
o.bz
S.tz
otz
Sz
0.tz

S.1z
0.17
S.oz
0.0
§.61
0.61

S.81
o.81
S.Lx
0.l
S.91
0.91
§.S1
o.S1
[R41
o1
[R]
o.t1




+.L551?

1.8998 ¥.Cvel L.gLLs obEld V.688% Lbdr $.6¢

Lggr1t o.05tg Lavol £.£€9§ o.Szzh 9.918% £.gobr 0.6§
9.6L601 L¥Ezg £.2989 8.6gvS v.Liad 6.4Vl S.ellx S.g¢
£.96901 T.2208 z.§899 z.gbes r.110¥ 1.¥lg% o.LEE1 o.gt
L.grtox S.ergl Y0159 €.goz§ 7.9o6¢ z.vogz 1.2081 S.LE
L.obior 9.509L 0.8£89 b.0lo§ 8.z08¢ v.5€5% 9.L9T1 o.L§
§.8986 ¥.10bL 8.L919 £.vE6d L.oolg 1.lo¥z 9.£€21 S.9¢
0.0096 0.00zL 0.0009 o.oog¥ 0.009¢ 1.00bz 0.0021 0.9¢
z.5£€6 V.100L S.vEgS 9.L99¥ L.0oS¢E g.t¢¢z 6.9911 §.5¢
1.bL06 9.5089 £.1L9§ o.LESY g.zobt §.897% EvErr o.5¢
o.l188 S.z199 Y.015§ €.gotv ©.9ofE z.borz 1.Z0I1 S.pE
0.£958 z.22h9 6.15¢€S S.agzh 1.11z€ Loviz ¥.olox obt
o.f1fg LYEzg 9.561§ §.9S1¥ b.L1xE v.gloz 1.6€01 S.€€
L.9908 0.0509 9.1%0§ £.880 o.§z0f L.grot £.goor o.£¢
1928l 1.8985 1.068% 0.z16£ o.tfbz 0.9561 0.8L6 S.z¢
©.585L 6.8895 L.obly 9.z6LE b4y £.9681 1.8¥6 o.zf
0.05£L S.z1$§ 8.£65¥ 0.5L9¢ £.95Lz S..Eg1 8-816 S.2¢
S.g11L 6.8£ES 1.oth¥ £.655¢€ +.699z 9.6LL1 8.688 o.1f
L.o6g9 1.891§ L.got¥ v.5vvE o.rgSz L.zzly €.198 S.of
£.9999 0.000§ L.g91v £.6EE€ 0.00§% L.9991 £.88 o.of
£.9tb9 LyEgy 6.gzo¥ z.827¢ v.live 9.1191 g.Sog §.6z
9.6229 z.zlob §.£6g¢€ g.virt 1.98€2 +.L5S1 L.glL 0.6z
L.9109 S.zi1sh Y.09LE £.goof €.95zT z.boS1 1.25L S.82
¥.LogS 9.5S¢V 9.679¢ L.tobz g.Ll1z 6.15%1 6.5zL 0.82

‘1038 ‘1o fr ‘T TR L T ‘1t ‘1t
ooy u}
sqide
‘SHJOI8 40 OILLVH
8L ‘panunuor—TIIA HIGVEL




I}

6.1007%
0.0091%
6.10%T
¥.Logoz
L.grboz
9.67007

£.9¥961
L.99261
L.obggr
S.g1Sgr
0.05181
v.Sgll1

r.bzblx
L.g90l1
0.£5l91
0.£9€91
L.g1091
1.Yl9St
T.SEEST
©0.0005 1

S.g99¥1
L.obidr

‘Lorobx

£.969€1
9.6LEE1x
L.990f1
b.LSLex
o.z5bz1
0.0§171

£ oChnwe

$.10591
0.00791
$.10651
9.50951
S.zrfs
%.77051

LyELb
o.05+b1
g.Lo1¥r
6.838E1
S.z19f1
6.36E¢1

1.890f1
0.00871
LyESzr
z.zlzzl
S.z1021
9.55Lxx

10811
o.0§z11
¥.10011
9.§5Lox
S.z1501
z.zlzon

L¥Eoor
0.0086
1.8956
6.3£€6
S.e116

£ annn

15481
0.005€1
215781
9.boof1
v.oqlzt
S.g15%1

6.8lz1
L.xvozx
§.90g11
1.YLS1¢
g.E¥811
LStI11

1.06301
L.99901
9.5tvor
6.9zzo1
Y.01001
£.96L6

S.bgs6
0.5L£6
8.L916
0.£96g
Y.09L8
%.0958
£.z9tg
L.g91g
v.8L6L
b.zgll
8.£65L

&/ ade!/

6.00011
©0.00801
6.00901
L.tobor
€.gozor
g.¥roor

z.£236
£.££96
z.5v¥6
£.6526
0.5L06
9.2688

o.z1lg
£.6888
S.95tg
S.1818
€.goog
o.LEgL

9.L99L
0.005L
£.vEEL
Y.olil
€.g00L
z.8v89
8.6899
£.6859
L.gLtg
6.5229
o0.5Log

K CmkC

L.oSzg
0.0018
L.0S6L
g.108L
%.959L
11184

¥.L9EL
o.5zTl
6.€g0L
y.4¥69
£.9039
+.6999
o.b€Sg
o.ootg
b.L979
1.9819
2.9009
8.LLgS
L.oSLS
0.§z9§
L.0oS§
8.LLES
2.952§
1.981§
¥.L10§
0.006%
o.bgly
V.699%

£.955Y
o dededede

§.005§
o.oot§
§.00E§
6.102§
z.bo1§
¥.LooS

9.116%
u.w.m.v
9.zzl¥y
9.6z9%
S.LESH
£.9tit

0.9S¢¥
L.9g9z¥
£.gl1v
L.o6ob
z.yoob
§.816€

g.£€g€
0.0§.¢
1.L99¢
z.5gS¢€
z.boS¢€
1.¥zbE

6.4vEE
L.99z¢
b.631¢
ofr1f
§.LEof

ACala

e

z.0Slz
0.00l7
z.0§9%
6.0092
1.255%
L.foSz

8.5tz
¢.gobz
€.19¢z
gritz
8-8972
1.£z2%
o.8l12
£.L€1z
1.6g0T
b.svoz
1.z00%
£.6561

6.9161
0.54g1
9.£€g1
9.26L1
1.25L1
o.z1lx

S.zlg9t
£.£€91
L.¥6S1
§.95S1
8.8151
c

-adee

[R4]
o.b§
S.£S
0.£§
S.z§
0.z§

S.1§
o.1$§
S.0§
0.0§
§.6v
0.6%

S.g¥
o.g¥
S.LY
o.l¥
S.g¥
o.g¥

.5
o.5¥
[ 44
otd
S.tb
o.t¥

S.z¥
o.zv
S.ab
o.axb
S.of

-l




b.L§LeE 1.895bz .ELvor LgLEor o.bgzes ¥.681 Ly6ob 5.
L.997%€ o.00ozby L.99107 n.Mn 191 o.om:. L. wo“ §.£¢0b o.“w
9.6LL1¢ Lyegte £.29861 8.68851 Y.L1611 6.¥+6L S.zL6% $.S9
£.96z1¢ v.elbie 209561 T.gt9st 1.9¢lrr 1.bzgl 0.z16¢ 0.59
L.91g0f Sarnife Y.0961 £.go¥S1 £.95S11 z.voll 1.2§8¢ S.¥9
Lobtot 9.§5Lzz o.£96g1 b.oLiSy g.LLE1x T.$g5L 9.26L¢ "0.49
§.8986% b.10tze 8.L9981 £.pe6v1 Looz1x 1.Lg¥l 9.££LE S.€9
o.00t6z 0.050z% o.5LEgt o.00lbt o.§zorrx 0.05¢L 0.5.9¢ o.£9
%.58687 ¥.10l12 S.bgog1 9.Lg¥br L.oSgox g.£€zL 6.919¢ S.z9
1.vlbge 9.55¢12 £.96LLx No.LEzh1 g.LLgor S.g11l £.655¢ 0.29
L.grogT S.z1012 Y.o1§lx €.goob1 £.9oSo1 ¢.vool 1.70§¢€ S.19
o.£9SLz %.tl90% 6.9zzly S.a8L8x 1.9¢¢or L.o6g9 1 23443 o.19
ofrrls LyECoz 9.5%691 §.95S€x ¥.Lgr101 v.8llg 1.6g£¢ S.09
£.99997 ©.0000% L.99991 £.EEEE1 0.00001 £.9999 £.68E¢€ 0.09
1.¥279T 1.89961 1.06691 o.zr1fx o.bEg6 0.9559 o.84zf 5,68
IXTIAL 6.38E61 LSt191 9.76gz1 +.6996 £.9¥bg z.tzzt 0.6§
0.08¢5% S.z1061 L.E+gSa o.§.9z1 2.9056 S.LE%9 L.g91€ S.8§
S.g16%¢ 6.83981 1.bLS5S1 £.65vex 22221 9.6t29 gyt o.8§
L.ob¥bz 1.89€81 L.gotSt ¥.5bzex o.g16 L2719 €.1908 S.LS
L.99obz o.050g1 L.xboS1 £.£¢0z1 0.5706 L.g109 €.g00¢ o.LS
£.9b9tz LYELLx 6.8LLlY1 z.£z811 ¥.L9g8 9.116§ 8.556z 5.9
9.6zz€¢ v.zzbix S.g15b1 g.vrg1x rrilg b.LogS L.806% 0.9§
L.g1gz7 Serily Y.09z¥1 £.gob1x 2.95S8 z.volS 1.258% §.S§
¥.Lobzz 9.5og91 9.vookr L.fozrx g.zotg 6.109S 6.008% 0.5§
1o g 103§t 1o dr 101 103§ 103 § 103 ¢ S
syydeq
‘SEJ0T8 0 OLLVYH
081 ‘ponunuor—TIA HIGVE




181

¥.Lobly

L.91ggo¥
9.6zzgV

£.9v9SH
L.9905¥
L.ob¥rry
S.g16¢%
[X:13%%4
z.Sglzy

1.vzz2h
L.9991¥
ofrrd
o.£9So¥
L.gtoob
1.YLY6E

7.5€63¢
o.0obg€
S.898L¢€
L.oveLE
L.9189¢
£.96z9F
L.6LLSE
L.99zS¢
b.LSLYE
6.15zvE
0.05LEE

6.152E€

9.555S¢€
S.z118¢
v.zlgbE

LYEThe
©0.,008E¢
1.89L€€
6.8£6z¢
S.z15z¢
6.ggoz€

1.8991¢
o.05z1¢

LbEgot
z.zzvob
S.z100§
9.5096%

¥.10762
0.0088%
V.10bgz
9.5008%
S.z19lT
©.723le

L¥Eg9%
o.05V9z
1.8909%
6.33957
S.zrtse

6.856%z

9.672967
¥.09t67
§.£6g87
6.32587
L.9918%
L.goglz
1.6tviz
g.£60Lz
Lovlgz

1.06£97
L.xvogz
9.56957
6.15£57
¥.01052
£.algbz

SvEehe
o.oootz
g.zlgfz
o.gttfz
b.orofz
2.5897%

£.z9fze
L.avozz
v.Ezlie
b.lobiz
g.£6o12
bagloz

~

L.foltz
£.govtz
g.brife

z.£zg7T
€857z
d.SveeT
£.65617
0.5L91%
9.z6E1%

°.Z111Z
£.£€507
§.95S0%
S.1870T
£.gooot
0.L8L61

9.L9V61
0.00261
£.¥£681
Y.0L981
€.gobgr
z.gb1gr
8.688L1
£.£89l1
L.glely
6.5z1l1
0.54891
6.52991

g.LLLLY
£.955L1
1.9¢ELx

b.lrrlx
0.00691
o.bg991
§.69%91
€.95z91
b.¥bogr

o.bEgS1
0.§7951
b.L1vSe
L11zsr
€.900Sx
g.roghr

L.oog¥r
o.ootbr
L.Sozhr
g.zoobr
£.90g8€1
11981
¥.Liver
o.5zz81
o.botr
b.¥bgex
£.95971
S.6gbzr

6.15g11
e.volrx
+.L5S11

9.11brx
L.9gzr1
Lzzinn
9°6L601
S.Lggox
£.96901

0.9550x
9.91¥o1
z.glzox
L.obrox
z.booor
5.8986

8.£€L6
0.0096
1.Lg+6
2.5¢€6
v.boz6
1.¥Lo6
6.¥v6g
Lg1gg
+.6898
0.£988
S.LEVg
o.f1fg

6.5265
1.258S
L.gLLS

g.SoLS
£.££99
¥.195§
8.68%S
8.81¥§
1.8¥E€S

o.gles
£.g0ts
1.681§
Y.oLoS
1.200§
£.¥e6d

6.99g¥
o.oogV

9.8¢LY
9.L99Y
1.z09¥
o.LESY

S.zlvb
€.gotb
Lyved
S.1gzd
g.g1z¥
s.951¥

0.08
S.6L
0.6,

S.8L
o.gl
S.LL
o.lL
S.9l
o.9L
S.5L
0.5L
S¥L
oL
S.€L
o.tL

S.zl
[.X 7
S.1l
o.1L
Sol
0.0l

.69
0.69
5.89

©0.89
S.lg

o.lg







183

TABLE VIIL
GRADIENTS.

After laying down the gradients on a working section, we have to
calculate the rise or fall chain by chain; on a line of only 10 miles in
length this involves about 800 calculations, each of four or five figures,
and as accuracy is impérative in this matter, the whole of the work has
to be carefully checked. All those who have had to go through this
operation, know the amount of labour it involves. It will be seen by a
glance at Table VIII. that the work is there done ready to hand, and
that by the use of it, the operation of checking the figures will be quite
unnecessary. Every professional man knows also, that although the
matter of calculating gradients for parliamentary sections is very simple,
very serious mistakes often occur; probably from so much of this work
being often done late in the night, when men are more than tired. The
writer will just mention one case, which occurred not very long since. On
an important line of about 20 miles in length, a clerical error of this
description was carried through the section, and the consequence was
that no further step was taken than to deposit the plans, for it was only
afterwards, unfortunately, that the error was discovered. Not only
about £2,000 in cash was lost in this matter, but the line of railway
also. By a very simple use of this Table, and the application of a
horizontal and a vertical scale, even the possibility of error is entirely
avoided.
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LOCKWO0OD & CO’S CATALOGUE

ENGINEERING,

————

HUMBER’S GREAT WORK ON BRIDGE CONSTRUCTION.

A COMPLETE and PRACTICAL TREATISE on CAST and
WROUGHT-IRON BRIDGE CONSTRUCTION, including Iron
Foundations. In Three Parts—Theoretical, Practical, and Descriptive.
By Wirriax Humssr, Assoc. Inst. C.E. and M. Inst. M.E. Second
Edition, in 2 vols. imp. 4to. with 95 Double Plates and 237 pages of
Text, price £6 16s. 6d. half-bound in morocco.

*¢ A very valuable contribution to the standard literature of civil engineeri Inaddition

i ians, o o secony, arg sl Gl s v, hich e, R, nanes

%‘mblo a fund of information.”—Civil Eagincer and Architect's Jw.

*‘ The First or Th tical Part ins mathematical investigations of the principles
involved in th’e’ various forms now adopted in bridge construction. These inven.ifs ns

actually erected. The volume of text is amply illustrated by numerous woodcuts, plates,
and disgrams ; and the plates in the second volume do great credit to both draughtamen
and engravers. Inoongluion. we have great pleasure in cordially reoomme::ﬁngthh
work to our readers.”’—Artican.

* Mr. Humber’s stately volumes lately issued—in which the most imexiortAnt brid
erected during thelast five i.:“ under the directions of the late Mr. Brunel, Sir W. Cnb%
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
enginmmﬂnnmd-pedﬂedmmdeml. —Engineer,

THE HIGH-PRESSURE STEAM ENGINE.

THE HIGH-PRESSURE STEAM ENGINE : an 'Exposition of its
Comparative Merits, and an Essay towards an Improved System of
Construction, adapted especially to secure Safety and Economy. By
Dr. Ernst ArBAN, Practical Machine Maker, Plau, Mecklenberg.
Translated from the German, with Notes, by Wu. Porg, CE,F.R.AS,,
Assoc. Inst. C.E. With 28 fine Plates, 8vo. 16s. 6d. cloth.

TABLES OF CURVES.

TABLES of TANGENTIAL ANGLES and MULTIPLES for setting
out Curves from 5 to 200 Radius. By ALEXANDER Brazrrey, M. Inst.
C.E. Printed on 48 Cards, and sold in a cloth box, waistcoat-pocket
size, price 3s. 6d.
. ble is ted small card, which, being placed theodolite,
ﬂ;e Ehr:%st;fr:l:w %c;pnﬂ':e.th&d imt?h;me:t—no nnm;ﬂi gd’;at:tag'; :lp:egnrdfs tlli?nll;.i.dvig
o - y a
LT, e e P Prined tn, compet, fied i el chefor the kel
Ynow that all his day’s work must foll om eere of thens eeris
sy, ‘handy : 8 WOrk m:
which B wt? i.no%lli:hno‘:;, oard-case, and leaves the rest behind.” on two of these ’
X Athenazum, Feb, 10, 1868,
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HUMBER’S MODERN ENGINEERING.

A RECORD of the PROGRESS of MODERN ENGINEERING, 1864:
Comprising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and
other Engineering Works. By Wmram Humsgr, Assoc. Inst. C.E.
and M. Inst. M.E., Author of ‘A Complete and Practical Treatise on
Cast and Wrought-Iron Bridge Construction.’ Imp. 4to. with 36
Double Plates, drawn to a large scale, and Portrait of Robert Stephen-
son, 3/. 3s. half-morocco.

m:lt‘:l';lg:? It is, a3 it ofeuelboglg:::af:ll’é %hél’:: grmtn i:abr:'s;gng and impo.r.h:l:

works lately completed in Great Britain; and containing, as it does, carefully-executed

drawings, full working d , will be found a y to the prof.

at large.” —Engineer, Nov. 24, 1865.

* The entire work gives evidence of the display of & hrfge amount of care and judgment
bg:he author, both in the selection and arrangement of the materials. The book is one
which cannot fail to be most favourably received, from its inh t worth and great value
to the engineering profession.”’—Mining Journal.

* A very excellent record of public works in progress, or completed in 1864.”’—Artizaxn.

** Mr. Humber has done the profession good and true service by the fine collection of
examples he has here brought before them.”’—Practical Mechanic's Journal.

** Also may be had, uniform with the above, imperial 4to. illus-
trated with 36 Double Plates, and a Photographic Portrait of John
Hawkshaw, Esq., F.R.S., late President of the Institution of Civil En- |
gineers, price 3/. 3s. half-bound in morocco,

A RECORD of the PROGRESS of MODERN ENGINEERING, 1863.

“ Handsomely lithographed and printed, it will find favour with who desire to pre- |
serveina perm%ent igorr:: oopies of the plans and specifications mem forthe gunidanceof
the contractors for many important engineering works.”’—Engineer.

*The large plates illustrating the works which have been selected by the Editor for the
first examples of modern engineering progress are well executed, and the text is devoted
to the speoifications isauedol:{' the engineers, and upon which the tenders for the execu-
tion of the works were based.”—A4rtizan, April 1863,

&> Tus Work will be continued annually. The Volume for 1865,
which is in preparation, will contain detailed Drawings of the prin-
cipal Works executed in the Main Drainage of the Metropolis (except-
ing the Pumping Stations, which will be included in a2 subsequent
\'o%ume) ; and also detailed Drawings of the Thames Embankment.

Amongst the Illustrations will be found the following : —Metropolitan
Main Drainage: Works on the Northern Side—Works at River Lee :
Bridge over Marsh Lane and Bow and Barking Railway Junetion;
Bridge over Main Line of Bow and Barking Railway ; Bridge over the
East London Water Works Feeder; Details of the rvoirs, Outlets
into the River and Penstocks. On the Southern Side—The Bellmouth
Junctions of the Sewers on the Bermondsey Branch; Details of Reser-
voirs, and General Sections of Sewers. Thames Embankment : Steam
Boat Pier, Westminster Bridge; Landing Stairs between Westminster
and Charing Cross; Landing Stairs at York Gate; Steam Boat Pier,
Waterloo Bridge, &c. &c., with full detailed Sections of River Wall
and Subway.

The letterpress will contain a full description of the works of the
Main Drainage and Thames Embankment, together with articles on
the Formation of Harbours, Ports, and Breakwaters, Fortifications,
Rolling Stock, and Armour Plates. )
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OBLIQUE BRIDGES.
A PRACTICAL and THEORETICAL ESSAY on OBLIQUE
BRIDGES, with 13 large folding Plates. By Gro. WATson Buck,
M. Inst. CE Second Edition, corrected, by W. H. BarLow, M. Inst.
C.E. Imperial 8vo. 12s. cloth.

HYDRAULICS.

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULZE for
finding the-Discharge of Water from Orifices, Notches, Weirs, Pipes,
and Rivers. By Jomw NeviLie, Civil Engineer, M.RI.A. Second
Edition, with extensive Additions, New Formuls, Tables, and General
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage,
‘Water Supply for Towns and Mill Power. With numerous Woodcuts,
8vo. 16s. cloth.

LEVELLING.

A TREATISE on the PRINCIPLES and PRACTICE of LEVEL-
LING; showing its Application to Purposes of Railway and Civil
Engineering, in the Construction of Roads; with Mr. TeLForD’s Rules
for the same. By Freperick W. Smmums, F.G.S., M. Inst. C.E. Fifth
Edition, very carefully revised, with the addition of Mr. Law’s Practical
Examples for Setting out Railway Curves, and Mr, TrautwiNe's Field
Practice of Laying out Circular Curves. With 7 Plates and numerous
Woodcuts. 8vo. 8s. 6d. cloth.

N.B.—TrAuTwiNE on Laying out Circular Curves may be had sepa-
rately, price 6s.

TUNNELLING.

PRACTICAL TUNNELLING ; explainine in Detail the Setting out
of the Works; Shaft Sinking and Heading Driving; Ranging the
Lines and Levelling Under-Ground; Sub-Excavating, Timbering, and
the Construction of the Brickwork of Tunnels; with the Amount of
Labour required for and the Cost of the various Portions of the
Work. By Frepx. W. Spums, F.R.A.S, F.G.S,, M. Inst. C.E., Author
of “A Treatise on the Principles and Practice of Levelling,” &e. &e.
Second Edition, revised by W. Davis Hasxowr, Civil Engineer, Author
of ““The Engineer'’s Field-Book,” &c. &c. With 16 large folding Plates
and numerous Woodcuts. Imperial 8vo. 1. 1s. cloth.

HARBOURS.
THE DESIGN and CONSTRUCTION of HARBOURS. By TroMas
StevensoN, F.R.S.E,, M.I.C.E. Reprinted and enlarged from the
Article ‘“Harbours,” in the Eighth Edition of “The Encyclopzdia
Britannica.” With 10 Plates and numerous Cuts. 8vo. 10s. 6d. cloth.

CANAL ENGINEERING.

CANAL and RIVER ENGINEERING. By Davmo Srmxson,
F.RS.E, M. Inst. CE. Small 8vo. cloth, with Plates and Woodecuts,
price 4s. 6d.

CoxrExTs.—Introduction. I.—Canals. II.—Rivers: their Physical Characteristics.
YII.—The ‘“‘ River Progir Depurtmenr, IV.—Tidal Compartments of Rivers. V.—Ap-
plication of these Wo: VI.—Instances where the Principles of Improve-
ment tecommended ue not .pplimble VII.—Works for Accommodation of Vessels,

VIIL— epartment of Rivers. IX.—Formationand Reclamation of Land.
X.—Table o! the gehyuml haracteristics of various Rivers,

y |



6 Works published by Lockwood & Co.

STRENGTH OF CAST IRON &o.

*A PRACTICAL ESSAY on the STRENGTH of CAST IRON and
OTHER METALS; intended for the Assistance of Engineers, Iron-
Masters, Mi]lwrighta, Architects, Founders, Smiths, and others engaged
in the Construetion of Machines, Buildings, &e. ; contdining Practical
Rules, Tables, and Examples, founded on a series of New Experiments;
with an Extensive Table of the Properties of Materials. By the late
TromAs TrepGorLD, Mem. Inst. C.E., Author of “ Elementary Princi-
gles of Carpentry,” “ History of the Steam-Engine,” &ec. Illustrated

y several Engravings and Woodcuts. Fifth Edition, much improved,
with Notes by Eaton HopekimsoN, F.R.S.; to which are added
EXPERIMENTAL RESEARCHES on the STRENGTH and OTHER
PROPERTIES of CAST IRON; with the Development of New Prin-
ciples, Calculations Deduced from them, and Inquiries Applicable to
Rigid and Tenacious Bodies generally. By the EpiTor. ith 9 En-
gravings and numerous Woodcuts. 8vo. 12s. cloth.

** HopGrINSON'S EXPRRIMENTAL RESEARCHES ON THE STRENGTH

AND OTEER ProPrrTiES OF CAST IRON may be had separately. With
Engravings and Woodcuts. 8vo. price 6s. cloth.

LAYING OUT CURVES.
THE FIELD PRACTICE of LAYING OUT CIRCULAR CURVFS
for RAILROADS. By JornN C. Teaurwing, C.E, of the United
States (extracted from Snums’s Work on Levelling). 8vo. 5s. sowed.

IRON BREAKWATERS.
ON IRON BREAKWATERS and PIERS. By E. B. Wees, C.E,
M.I.C.E, &c. &c. With Illustrations. 4to. 2s. sewed.

WEALE'S ENGINEER'S POCKET-BOOK.
THE ENGINEER'S, ARCHITECTS, and CONTRACTOR'S
POCKET-BOOK (Lockwoop & Co.’s; formerly WearLw’s). Published
Annually. (1866. Now ready.)

#,* No effort has been spared to render this book every year still
more worthy of the large patronage which has been extended to it.
Under the superintendence of a practical Engineer and Architect, new
articles are introduced, and the whole carefully revised and adapted to
the present advanced state of Science.

PrixcrraL CONTENTS OF THE 1868 Issuxm.



Works published by Lockwood & Co. 7

FIRE ENGINEERING.

In the proess, and shortly will be published, in dem

]}hSVO. upwards of
500 pp. handsomely printed, with numerous Illustrations,

FIRES, FIRE-ENGINES, and FIRE-BRIGADES: with a History of
Manual and Steam Fire Engines, their Construction, Use, and Manage-
ment; Hints for the Formation of Fire Brigades, Statistics of Con-
tinental Fire Systems, Remarks on Fire-proof Buildings, the
Preservation of Life from Fire, &c. By Cmaries F. T. Youxe,
C.E., Author of “The Economy of Steam Power on Common Roads.”

EARTHWORK, MEASUREMENT AND CALCULATION OF.

A MANUAL on EARTHWORK. By Ausx. J. S. Granam, C.E,
Resident Engineer, Forest of Dean Central Railway. With numerous
Diagrams. 18mo. 2s. 6d. cloth.

*¢ We oan cordially recommend the work to the notice of our readers.””—Building News.

“Asa handy book for reference, we know of no work equal to it : and the rail
engineers an ot.hm employed ln the t and oa of ennhwork will fin
t of practical rmation very i and ble for

- eral h
gen or roug
ngineerl

estimates, uwell as for the more exm oalcnfntﬂons required in
contractor’s offices.”’ —Artizan.

*¢ The object of this little book is an investigation of all the prlnoifles requisite for the
measurement and

calculation of earthworks, and a consideration of the data necesnry

for. such ?emﬁons The author has evidently beswvz‘od‘ much oare in effecting this

?bject, an points out with much cl

clearness the re own obse{vatwm, derived

diagrams and tnnmoﬂve examples.”’ —Army and Mwy Gazstte,

RAILWAY ENGINEERING.

THE PRACTICAL RAILWAY ENGINEER. A Concise Descrip-
tion of the Engineering and Mechanical Operations and Structures
which are combined in the Formation of Railways for Public Traffic;
embracing an Account of the Principal Works executed in the Con-
struction of Railways; with Facts, Figures, and Data, intended to
assist the Civil Englneer in deslgmng and executing the important
details required. By G. Dryspare Dempsey, C.E. Fourth Edition,
revised and tfrently extended. With 71 double quarto Plates, 72
‘Woodcuts, and Portrait of GEoree STEPHENSON. One large vol. 4to.
21. 12. 6d. cloth.
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FIELD-BOOK FOR ENGINEERS.
THE ENGINEERS, MINING SURVEYOR'S, and CONTRAC-
TOR'S FIELD-BOOK, for Expediting Field-Work Operations ; being
a series of Tables, with Rules and Notes, for Plotting Traverse Sur-
veying and giving Differences of Level with Corresponding Horizontal
Distances in taking Levels with the Theodolite, and for setting out
Curves and Slopes withont Calculation. Arranged for any Unit of
Measurement, as Chains or Feet, Links, or Metres. By W. Davis
HasxoLr, CE. Price 12s. strongly bound, roan tuck, with pockets,

“Averymworktorm practical engineer and surveyor.'—Railway News.
*‘ The book is very hmdy and the Author might have added that the separate tuble- of

sines and tangents minute will make it useful ormmyoth purposes, th:
genuine tnvers:’ésblec all the same.”—AtAenzum, er

** The work forms a hand ket vol and ‘fdl,fromm portabﬂ.ity-nd
utility, to be ised by the engi

“We know of no bemt fleld-book of reference or collection of tables thm ﬂnt Mr.
Haskoll has given.’—Artizan.

““ A series of tables likely to be very useful to many civil engineers.”"—Building News.

BRIDGE CONSTRUCTION IN MASONRY, TIMBER, AND IRON.

EXAMPLES of BRIDGE and VIADUCT CONSTRUCTION of
MASONRY, TIMBER, and IRON. From the Contract Drawing
or Admeasurements of select Works. By W. Davis Haskorr, C.E
With 46 Plates. Imp. folio, price 2/. 2s. in wrapper, cloth back.

. *This new work by Mr. Haskoll is an addition to his nseful series on railway constrac

tx:n.mdfoannotffnn to be of value go:g: railway en, eerla nwuﬁng the best hnin!
e8] orms of 'way dgesm other cons ve worl 6 engravings,

bt -‘)lmt scale, are executed in the best style.””—Railway News. whie
“Mr. Haskoll has produoadsvol}:mo that must be considered nc'fx,ll::e. = deal

practical value. The want of engineering wmguvum an was

aisely the class of which these examples are composed that were most wanted. dd‘ ~ i

Ing IVews.

“ A number of very exoellent lithozmphq of diﬂerent bri And vhdncts erected ia

England for some of the s in .gﬁ" —Builder.

ARCHITECTHRE,

—_————

CHAMBERS’ CIVIL ARCHITECTURE, BY GWILT.
A TREATISE on the DECORATIVE PART of CIVIL ARCHI-
TECTURE. By Sir Wmunax Cmamsees, K.P.S,, F.R.S,, F.8A.
F.R.S.S. With I].lustratlons, Notes, and an Enmxnatlon of Greciar
Architecture, by Joserr Gwmr, F.S.A. New and Cheap Edition.
revised and edited by W. H. Leeps. With 65 Plates and Portrait «:
the Author. Royal 4to. 1/. 1s. cloth.

*,* A new edition of this standard architectural work (which has already passed throu.:
aeveml high-priced issues), so cheap as to place it within the reach of the humbler clas~ -
of students and practical men, and at the same time 80 carefully edited and well execu:-
as to make it worthy of & place on the shelves of the more opulent, cannot fail to
received as a boon by the professional public.

COTTAGES, VILLAS, AND COUNTRY HOUSES.
DESIGNS and EXAMPLES of COTTAGES, VILLAS, and COUY-
TRY HOUSES; being the Studies of several eminent Architects an.
Builders ; eonslstxng of Plans, Elevations, and Perspective Views:

with approx.unste Estimates of the Cost of each. In 4to. 67 Plates
price 1. 1s. cloth,
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VILLA ARCHITECTURE.

A HANDY BOOK of VILLA ARCHITECTURE; being a Series of
Designs for Villa Residences in various Styles. With Detailed Specifi-
cations and Estimates. By C. Wickes, Architect, Author of “The
Spires and Towers of the Mediseval Churches of England,” &e. First
Series, consisting of 30 Plutes; Second Series, 31 Plates. Complete in
one vol. 4to. price 2!. 10s. half-morocco.

*.* Either Series may be had separately. Price 1/ 7s. each, half-
morocco.

THE YOUNG ARCHITECT'S BOOK.

HINTS to YOUNG ARCHITECTS ; comprising Advice to those who,
while yet at school, are destined to the Profession ; to such as, having
passed their pupilage, are about to travel; and to those who, having
completed their education, are about to practise. By Georer WieHT-
wick, Architect, Author of “The Palace of Architecture,” &e. &ec.
Second Edition. With numerous Woodcuts. 8vo. 7s. extra cloth.

VENTILATION.

A TREATISE on VENTILATION, NATURAL ‘and ARTIFICIAT.
By Rosert Rircarg, C E., Associate of the Institution of Civil Engi-
neers, London; Past Vice-President of the Royal Scottish Society of
Arts; Author of “Railways, their Rise, Progress, and Construction ;”
“The Farm Engineer,with Remarks on theVentilation of Farm Buildings,”
and various Prize Essays on the Ventilation of Fuctories, Ships, &e. &e.
With numerous plates and woodcuts. 8vo. 8s. 6d. cloth.

“Ani ing and ext ly useful volume, in which the subject of ventilation is
letely and ex ly tr —Mining Journal.

‘ We do not know to what work we could refer the reader for a more com})lebe yet con=
cise account of the whole subject of ventilation. This must continue to be for some time
the text-book upon one of the chief difficulties of d t: h al construction and
of social hygienics.”’—Lancet.
““ A useful book on a most important and practical subject. . . . The subjects treated of
are ilk d by plates and ’—Builder,
“* Will be found exceedingly useful as a book of reference by all those interested in the
bject of 1 het. lied to public or private buildings, mines, or ihitgs.”
. rozan.
*“ We would strongly recommend Mr. Ritchie’s book to &oung architects, builders, and
amateurs in the sanatory condition of their fellow-breathers, for it will put them tho-
roughly on their d against spending time and money in useless good intentions, . . .
It would be out of place to quote much from a book g0 full of scientific remarks, and dia-
grams, and references to them. We shall once again heartily recommend it to all who
#ake an interest in the subject on which he 8o fully and so ably and candidly treats.”
North British Agriculturist.

BUILDER'S AND CONTRACTOR'S PRICE BOOK.

LOCKWOOD & CO.S (formerly WEALE'S) BUILDER'S and
CONTRACTOR'S PRICE BOOK, published annually. Containing
the latest Prices for Work in all branches of the Building Trade, with
Items numbered for easy reference, and an Appendix of Tables, Notes,
and Memoranda, arranged to afford detailed information commonly
required in preparing Estimates, &c. Edited by Grorek R. BurNeLL,
F.G.8., F.S.A., &c., Civil Engineer and Architect. 12mo. 4s. cloth,
lettered. (1866. Now ready.)

*,* This book i8 now the universally recognised arbitrator in the settlement of disputed
acoounts. The ent Edition (1866) has been th hly revised; every line and g‘glm-e
has been care considered and compared with existing Price Lists. Not being printed
from stereotype plates year after year, as is the case with other books of the kind, errors
are not perpetm.tegl and the opportunity is taken in every reprint to introduce current
prices and other d ble improvements,

v
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DRAWING FOR BUILDERS AND STUDENTS.

PRACTICAL RULES on DRAWING for the OPERATIVE
BUILDER and YOUNG STUDENT in ARCHITECTURE. By
Grorae Pyng, Author of a “ Rudimentary Treatise on Perspective for
Beginners.” .With 14 plates, 4to. 7s. 6d. boards. :
ContENTs.—I. Practical Rules on Dra tlines. II. Ditto—the Grecian and

Roman
Orders. 1II. Practical Rules on Drawing—Perspective. IV. Practical Rules on Light and
Shade, V. Practical Rules on Colour, &c. &c.

NAVAL ARCHITECTHRE.

—_————

SHIP-BUILDING AND STEAM SHIPS. :

SHIP-BUILDING in IRON and WOOD. By Axprrw MURRAY,
M.LC.E., Chief Engineer and Inspector of Machinery of H.M.’s Dock-
yard, Portsmouth; and STEAM SHIPS, by RoeerT MurraY, C.E,
Engineer Surveyor to the Board of Trade. Second Edition, in 1 vol
4to. with 28 Piates and numerous Woodcuts, price 14s. cloth.

“ Indispensable in the office of the naval architect, whether dm; wood or iron.”
Practic%nm’ Jowurnal,
*“ Qught to be in the hands of every shipbuilder or shipwright.”’—Sunderliand Herald.

IRON SHIP-BUILDING.

ON IRON SHIP-BUILDING ; with Practical Examples and Details,
in 24 Plates; together with separate Text, containing Descriptions,
Explanations, and General Remarks, for the use of Ship-owners and
Ship-builders. By Joun GrantmaM, C.E., Consulting ineer and
Naval Architect. Fourth Edition. The Plates of the present work
have been prepared, and the subjects drawn, in elevation, plan, and
detail, to a scale useful for immediate practice, in a folio size, with
Figured Dimensions, and accompanied by & small volume of Text
(which may be had separately, price 2s. 6d.) Price 1/. 5s. complete;
the Plates, in wrapper, folio, and the Text in 12mo. red cloth limp.

CARPENTRY, TiIMBER, ETC,

TREDGOLD’S CARPENTRY.

THE ELEMENTARY PRINCIPLES of CARPENTRY : a Treatize
on the Pressure and Equilibrium of Timber Framing, the Resistance
of Timber, and the Construction of Floors, Arches, Bridges, Roofs,
Uniting Iron and Stone with Timber, &c.; with Practical Rules and
Examples. To which is added an Essay on the Nature and Properties
of Timber, including the Method of Seasoning and the Causes and
Prevention of Decay, with Descriptions of the Kinds of Wood wused
in Building; also numerous Tables of the Scantlings of Timber for
different purposes, the Specific Gravities of Materiuls, &c. By Tmomas
Trepeorp, Civil Engineer. With 63 Engravings, a Portrait of the
Author, and several Woodcuts. Fourth Edition, corrected and con-

siderably enlarged. Edited by Peree Barrow, F.R.S. In one large
vol. 4to. 21. 2. in extra cloth, © '
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GRANDY'S TIMBER TABLES.
THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, and
BUILDER'S STANDARD GUIDE. By Ricaarp E. GraNDY. 12mo.
price 7s. 6d. cloth. Comprising—For the Timber Importer and Mer-
chant: An Analysis of Deal Standards, Home and Foreign, with com-
parative Values and Tabular Arrangements for Fixing Nett Landed
Cost on Baltic and North American Deals, including all intermediate
Expenses, Freight, Insurance, Duty, &c. ; also Practical Methods and
Examples for Reduction, embracing Solid, Lineal, Numerical and
Superficial Quantities, Prices, &c. A Complete Exposition of the
Square Timber Trade, North American and Baltic; with Percentage
Differences on String, Caliper, Cubic, and Running Measurements.
Also Tabular Matter, with Nett Landed Cost, including all intermediate
Expenses, constructed on the data of a Progressive Rate for First Cost
in Dollars, Currency, or Sterling. American and Baltic Lathwood,
Staves, &c., with particulars of Freights, Duties, Expenses, and
Measurements, United States Exchange and Canadian Currency; with
Examples. For the Retailer and Builder : Copious Information, with
Tables setting forth Nett Cost of Material and Workmanship to
Builder or Manufacturer on Flooring, Sheeting, Joisting, Skirting,
Doors, Windows, Architraves, &c. per Square, Piece, Superficial or
Lineal Measurement, Brickwork, Stonework, Excavations, Slating,
Tiling, Metal Pillars, Lead, Zine, Corrugated Iron, Roofing, Felt,
Cisterns, Painting, Papering, Builders’ Ironmongery, &e.
**This very useful volume.’—Builder.

** The tables comprised in this work must afford material assistance to the timber mer-
chant.”’—MecAanics’ Magazine.
‘¢ A vast number of very valuable tables for the timber importer and consumer.”
Practical Mechanics' Jowrnal.
*¢ A handy little guide to the timber trade. . . . The inf - *

is v )!
D:Il;{in Builder.
** By it pretends to be: built up gradually, it leads one from a forest toa
trenail, and in, as & makeweight, & gost of erial ing bricks, col
cisterns, &c.—all that the class to whom it appeals requires.”’—English Mechanic.
“‘The only difficulty we have is as to what is Nor in its . What we have tested of
the taken at rand is bly correct.”—Illustrated Builder’s Journal.

DOWSING’'S TIMBER MERCHANT'S COMPANION.

THE TIMBER MERCHANT'S and BUILDER'S COMPANION ;
containing New and Copious Tables of the Reduced Weight and Mea-
surement of Deals and Battens, of all sizes, from One to a Thousand
Pieces, and the relative Price that each size bears per Lineal Foot to
any given Price per Petersburg Standard Hundred; the Price per
Cube Foot of Square Timber to any given Price per Load of 50 Feet ;
the proportionate Value of Deals and Battens T; the Standard, to
Square Timber by the Load of 50 Feet; the readiest mode of ascer-
taining the Price of Scantling per Lineal Foot of any size, to any
given Figure per Cube Foot. Also a variety of other valuable in-
formation, useful to all parties concerned or interested in the buying
or selling of Foreign Timber. By WrLLiam Dowsing, Timber Mer-
chm:-lt.thSecond Edition, including the Tariff of 1860. Crown 8vo.
3s. cloth.

¢ Everything is as concise and clear as it can gouiblybemnde. There can be no doubt
that every timber merchant and builder ought to possess it, because such possession
would, with use, unquestionably save a very great deal of time, and, moreover, ensure
'ect accuracy in calculations. There is another class besides these who ought to
';:i)::eu it; we mean all persons enﬁnged in carrying wood, where it is requisite to_ascer-
its weight. Mr. Dowsing’s tables provide an easy means of doing this. Indeed every
person who to do with wood ought to bave this Companion,”’—Hwil ddvertiser,
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NICHOLSON’'S CARPENTER'S GUIDE.

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES for
CARPENTERS: comprising all the Elementary Principles essential
for acquiring a knowledge of Carpentry. Founded on the late PeTer
Nicrorsoxn’s standard work. A new Edition, revised by ArTHTR

Asmrerter, Arch. F.SA,, %ether with Practical Rules on Drawing,
by Georer Pynm, Artist. With 74 Plates, 4to. 1/. 1s. cloth.

TABLES FOR PACKING-CASE MAKERS.

PACKING-CASE TABLES; showing the number of Superficial Feet
in Boxes or Packing-Cases, from six inches square und upwards. Com-
piled by Woiam RicHARDSON, Accountant, Author of ‘The Calculator;
or, Timber Merchant’s and Builder's Guide.” Oblong 4to. cl. price 3s. 6d.

* Very useful to the trade.”’—City Press.

** An excellently arranged series of tables, of great value to merchants, shippers, and
shipowners.”’—Artizan. .

** Will save much labour and calculation to packing-case makers and those who use
-cases.”’—Grocer.

Invaluable labour-saving tables.””—Ironmonger.

MECHANICE, ETC.

——

MECHANIC'S WORKSHOP COMPANION.

THE OPERATIVE MECHANIC'S WORKSHOP COMPANIOXN,
and THE SCIENTIFIC GENTLEMAN’S PRACTICAL ASSISTANT;
comprising a great variety of the most useful Rules in Mechanical
Science, divested of Mathematical complexity ; with numerous Tables
of Practical Data and Calculated Results, for Facilitating Mechanical
and Commercial Transactions. By W. TempLETON, Author of “* The
Engineer’s, Millwright's, and Machinist'’s Practical Assistant.” Ninth
Edition, including the Author’s latest Corrections, with the addition of
Mechanical Tables for the use of Operative Smiths, Millwrights,
Engineers, &c.; together with several Useful and Practical Rules in
Hydraulics and Hydrodynamics, a variety of Experimental Results,
and an Extensive Table of Powers and Roots. 11 Plates. 12mo. 5s.
bound.

DESIGNING, MEASURING, AND VALUING ARTIFICERS' WORKS.

THE STUDENT'S GUIDE to the PRACTICE of DESIGNING,
MEASURING, and VALUING ARTIFICERS' WORKS; containing
Directions for taking Dimensions, Abstracting the same, and bringing
the Quantities into Bill; with Tables of Constants, and copious
Memoranda for the Valuation of Labour and Materials in the
respective Trades of Bricklayer and Slater, Carpenter and Joiner,
Sawyer, Stonemason, Plasterer, Smith and Ironmonger, Plumber,
Painter and Glazier, Paperhanger. With 43 Plates and Woodcuts.
The Measuring, &c., edited by EDwarp DopsoN, Architect and Sur-
veyor. Second Edition, with the Additions on Design, by E. Lacy
GARBETT, Architect; together with Tables for Squaring and Cubing.
In one vol. 8vo. 9s. extra cloth.

4
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ENGINEER'S ASSISTANT.

THE ENGINEERS, MILLWRIGHT'S, and MACHINISTS
PRACTICAL ASSISTANT comprising a Collection of Useful
Tables, Rules, and Data. Complled and Arranged, with Original
Matter, by Wmriam TempLrTON, Author of “The Operative Me-
chanic’s ‘Workshop Companion.” T]nrd Edition. 18mo. 2. 6d. cloth.

** A perfe -‘nda lordl -‘ln h 1 its."’—Mechanics’ M i
o thould of the volume, and s more suitable
present m.pmenﬁoetowofthema&lmied could not possibly be made.”
Building News.

SUPERFICIAL MEASUREMENT.
THE TRADESMAN'’S GUIDE to SUPERFICIAL MEASUREMENT.
Tables calculated from 1 to 200 inches in length, by 1 to 108 inches
in breadth. Particularly recommended to Architects, Surveyors, En-
ﬁa rs, Timber Merchants, Builders, Carpenters, Upholsterers, Coach
kets Looking and Crown Glass Dealers, Painters, Stonemasons, &c.
By Jamzs HAWKINGS. Fep. 3s. 6d. cloth.

MANUFACTURE OF IRON.

IRON : its History, Properties, and Processes of Manufacture. By
‘Wriuiam Faresaen, CE, LL.D., F.R.S,, &c. With numerous Wood-
cuts. New Edition, revised and enlarged. 8vo. price 9s. cloth.

** A scientific work of tho first clnn whose chief merit lies in brl.nging the more impor-
tant facts connected with iron into a small compass, and within the comprehension and
the means of all in iﬁl facture, sale, or use.”’—Meckanics’ Magazine.

“A very complete manual of instruction on the snbject to which it relates, embmeing a

bgz of minute statistical details, and copiously illustrated with woodcu!
Manchester Exanhwr

MATHEMATICS, ETC,

— e

INWO00D’S TABLES, NEW AND ENLARGED EDITION.

TABLES for the PURCHASING of ESTATES, Freehold, Copyhold,
or Leasehold Annuities, Advowsons, &c., and for the renewing of es8
held under Cathedral Chu.rches, Colleges, or other Corporate Bodies, for
terms of years certain, and for lives; also, for Valuing Reversionary
Estates, Deferred.Annmhes, Next Presentatxons &ec. ; the Five Tables of
Compound Interest, the Government Table of Annumes, and an exten-
sion of Smart’s Tables. By WiLLiaM INwoop, Architect. 18th edition,
with considerable additions, and new and valuable Tables of rithms
for the more difficult computations of the Interest of Money, iscount,
Annuities, &c. 12mo. price 8s. cloth. [Just published.

ﬂ' This edition (the 18th) differs in many important particalars from former ones.
mfes consist, nt, in & more convenient and systematic arrangement of the ori-
ginal Tables, and in of certain numerical errors which a very careful revision
of the whole has enabled the present Editor to discover : and secondly, in the extension of
ical utility conferred on the work by the i.ntrodnction of Tables now inserted for the
time. Thu new and important ter is all so much added to INwoop's
TaBLES ; nothin, been abstr h'orm the origi ool.lection 80 that those who lnve
been long in theﬁnlnt of consulting INwoop for any special 'easional
herewfore,ﬂnd he information sought still in its mel almoff.hepu l!nhen
been to prese: e characteristic features of the eermg,
exhenuion to the oﬁgi.nal work which the Ant.hor himaelf he been won.ld,
no donbt have seen to be d by the exi ﬁng mﬁ
sional undertakings,
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PRACTICAL MATHEMATICS.

MATHEMATICS for PRACTICAL MEN; being a Commonplaee

Book of Pure and Mixed Mathematics.

Desxgned chiefly for the use

of Civil Engineers, Archltects, and Surveyors. By OLINTHUS GREGORY,

LL.D, FR.AS. Enlarged b g
Edition, carefully revised an

Henry Law, Civil Engineer. Fourth
corrected, by J. R. Youna, formerly

Professor of Mathematics, Belfast College; Author of “A Course of

Mathematics,” &e.

With 13 Plates. Medium 8vo. 1Z. 1s. cloth.

CONTENTS,

PART IL—PURE MATHEMATICS.
Chap. I.—AriTexeric. 1. Definition of

—3. .
—4. Multiplication of Whole Numbers.—
5. Division of Whole Numbers—proof of
the first four rules of Arithmetic.—8, Vul-

glu Fractions ; Reduction of Vulgar Frac-

; Addition and Subtraction of Vaul;
Fractions ; Multiplication mégmll)ivia on
n

plex Fractions used in the Artsand Com-
merce; Reduction; Addition; Subtrac-
tion and Multl vlication ; Div‘lsion :
ecimals.—9. Powers an
Evollmon —10.” Proportion ; Rule ol’
termination of Ratios.—11.
hnnic Arithmetic; Use_of the
Ta Multi%liesuon and Division by
roportion, or the Rule of
Three byLo ithms; Evolutionand In-
v(f)lNumo:Il)e by.l arithms.—12. Properties
Chap. IL—ALe

RA. 1. Deflnitions and

KB
Notation.—2. Addition and Subtraction. |

—3. Multiplication.—4. Division.—5. In-
volution.—8. Evolution.—7. Surds;
duction ; Addition, _S bf

* Maul ; Divisi lution, and

Evolution.—8, Bnnple Equations Exter-

mina on ; Sol umon of General Problems.
%ro —10. Eqi

aﬁenenl.—ll. gression ; Arlt.hme-

n; Geometrical Progres-

actional and Negative Expo-

thms.—14. Computa-

—GEO! 1. Definition.—2. Of
Au glos and Bi ht Lines, and their Rect-

gles.—4. Of

laterals d POIX& ns.—5. Of the Gircle.

andInscribedan cumscribed Figures.
Oful;lanes and Solids.—7. Praehcel
me!

Chap. IV.—MENSURATION. 1. Weights and

easures. 1i. Measures of Length ; n
ottty e o Copaory; by, Noarres ot

ty and Capaci v. eesu.re o
Weight; v. Angular if vi. Mea-
sure of Time ; eompmson of English
and French Welghbs and Measures.—2.
Mensuration of Buperficies.—3. Mensun-
ration of Solids.

Chap. V.—TRIGONOMETRY. 1. Definitions
and Trigonometrical Formulse.—2. Trigo-
nometrical Tables.—3. General Pro;
tions.—4. Sohmon of the cases of

gles; angled Plane Triangl es
—5. On the a.pplieamon of Tﬂﬁonometry
to Meas: Heights

Determination of eights and Distances

by A ximate Mechanical Methods.

. YL —(.!tmu‘:“;i cha%nsEm .
Properties of the Pro-
bleml relating tothe Ellipse. —81-”19’1'0”:.

ﬁea of the Hyggrboh Problems tehtinx
perhes of the
Pmbole blems relating to the Para-

V‘II.—P: ¥ Curves. 1.
» The Conchoid.—a The
Cissoid.—t The Cyclmd and Egieyeloni

m Iratrix.—§. atenary ;
Tablel of tions of Cahenmu Curves,

PART II.—MIXED MATHEMATICS.
Chap. I.—MECHANICS IN GENERAL.

Chap. IL.—SraTIcs. 1. Statical '-
brium.—2, Centre of Gravity.—S.
ral Apphcatlon of the Principles o(
Smt.)qs to the Equilibrium of Structures;
rium of Piers or Abutmenta;
Pressure of Emh Th:ck-
ness of Walls; ibrium of Po'h
Stability of A.rches ; Equﬂibnnm of Sns-

pension Bri
Caap. IIL—DyNaMics. 1. General Defini-
tions —8. On the Generai Laws of Uniform
and Variable Motion; Motion uniformly
Accelerated ; l(ohon oyer a Fixed Pulley;
Motion on_Inclined es; Motion of
Bod.lel under the Action of G x
3. Motions abouta Fixed Centre, or Axis;
Centres of Oscillation and Percussion ;
imple and Compound Pendulums
Centre of G; hon and the Principles ol
Rotation; Central Forces; Inquiries con-
nected with Rotation and Central Forces.
—4. Percussion or Collision of Bodies in
Motion.—5. On the Mechanical Powers ;

Levers; Wheel and Axle. s Inelmed
Phn edge and Screw.

“' —_———————

(

Cuap. VI.—PNEUMATICS, 1. Weight and

2E lginum of! Air and El%ﬁc 8-
achines for Raisin
Preavsvnre of the Atmosphgte —.sm Fggce og

p. VIL —Mmmxanum 1. Water
hanical

a8 a Mec as a Me-
chanical Mgem: H
ments.—3.
gon Heat ; the Steam abl
essure and empenture
General Description of the Mode o?
e Dron e Desoriphion_of
e ngine ; n_ o
various kinds of o e oo
muls for calcn)a.
tical Apphcatxon
mulse. — Ani

MoelnniAgen

the foregoinz For-
Strength as a



Works published by Lockwood & Co. 15

CoxrexTs or G ’s PRACTICAL MATHENM. tinsed.

Chap. VIII. MATERIALS.— Transverse Strain; Longitudinal Form
1. ts of lxporlmentsmdl’rinciple: of Beam of Uniform B ; Trans-
upon which they should be practically verse Strength of other Ma! than
aj

lied. —2. 'Btr::‘ft.h of Materials to Cast-iron ; Btre; of Beams accor-
Crushing 8 e

Strength of Columns.—3. Elnhmty and Distributed.—5. Elnstsicity of Bog'i;s sub-

.—86. Btren,

APPENDIX OF COPIOUS LOGARITHMIC AND OTHER TABLES, &c. &o.

THE METRIC SYSTEM.

A SERIES of METRIC TABLES, in which the British Standard
Measures and Weights are compared with those of the Metric System
at present in use on the Continent. By C. H. Dowwring, C.E. 8vo.
10s. 84. strongly bound.
o les, which are well put to;
mﬁ&mhtgg;ox&mnofone mmlmmme!, A time a8 & ready
"Theirmnmyhubeenoerhﬂedby? 2 { A.lrythak“— Boynl” Build
“ Resolution 8.—That advantage will be derived from the recent pnbllouﬂon of Metrio
Tables, by C. H Dowling, C.E.”"—Report of Section F, British A:
* An onerous undertaking, the first work of its Hnd."—Jamal of the Socicty of Arts.
“Thoroughly reliable.”’—Civil Engineer and Architects’ Jowrnal,

COMPOUND INTEREST AND ANNUITIES.

THEORY of COMPOUND INTEREST and ANNUITIES; w1th
Tables of Logarithms for the more Difficult Computations of Interest,
Discount, Annuities, &c., in all their Applications and Uses for Mer-
cantile and State Purposes. With an elaborate Introduction. By Fipor
THOMAN, of the Sou?tz Crédit Mobilier, Paris. 12mo. cloth, 5s.

¢ A very powerful work, and the Author has a very remarkable command of his subject.”

Professor A.de Morgan.

“No banker, merchant, tradesman, or man of business, ought to be without
Thoman’s truly ‘ handy-book.’ *—Review. i Mr.

**The author of this ‘ handy-book’ deserves our thanks.”—Insurance Gazetts,
*'We recommend it to the notice of actuaries and »— Ath

SCIENCE AND ART,

—————

THE MILITARY SCIENCES.

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed from
Contributions of Officers and others connected with the different
Services. Originally edited by a Committee of the Corps of Royal
Engineers. Second Edition, most carefully revised by an Officer of the
Corps, with many additions ; containing nearly 350 Engravin

many hundred Woodcuts. 8 vols. royal 8vo. extra cloth boug
lettered, price 47. 10s.

*,* A List of the Subjects amply and practically treated of, and of the prin-
cipal Contributors, will be forwarded on apphcatlon

s+ A compendious encyclopsedia of military knowledge, t.owhiohwomgreoﬂy indebted.”
nburgh Review, April 1864,
** The most comprehensive work of referenoeto the mmtary and collateral sciences.
Amon; the!m of ty in will be found names of
D e by Tar the Jan 'hefom“mce' 1 ita sabj he, york elan roatan oﬂ"n'"nh i e
nerit y far the larger on of lnecsve of
>ractical men who have been its contributors,”— Volunteer Service Gacstte,
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ELECTRICITY.

A MANUAL of ELECTRICITY ; including Galvanism, Magnetism,
Diamagnetism, Electro-Dynamics, Magno-Electricity, and the Electric
Telegraph. By Hexry M. Noap, Ph.D., F.C.S,, Lecturer on Chemistry
at St. George’s Hospital. Fourth Edition, entirely re-written. Illus-
trated by 600 woodcuts. In Two Parts. Part I. ELecrmiciTY and
Garvanism. Part II. MaenerisM and the Erectric TELEGRAPH
Complete in 1 vol., 8vo. 1/. 4s. cloth.

CONTENTS OF PART I.
Chap I—Sn-ncu. or FricrioNaL Erxc- | Chap. VII.—@aLvaNiC or VorTArc ELec-

TRICITY.
ChAps II and ITI.—PrExoMENA oF Fric- | Chaps. VIII. and IX.—Errecrs or TEE
TIONAL ELECTRICITY. Vol.'ruc CURRENT.
p. IV.—THE ELECTRICAL MACHINE. Chap. X.—ELECTRO-PHYSIOLOGY.
Chap. V.—AccUMULATED ELECTRICITY. Cln.p X1.—THERMO-ELECTRICITY.
Chap. VL.—ATHOSPHERIC ELECTRICITY, Chap. XII.—THEORY OF THR VOLTAIC PiLE.

OONTENTS OF PART II.

Chap. XIIT.—MAGNETISN, Chap. XVIII.—ELECTRO-MAGNETISN.
Chap. XIV.—MacxNeTIsSH (continued). Chap. XIX.—MaexETO-ELECTRICITY.|
Chap. XV.—MaGNETISX (continued). Chap. XX .—THE ELECTRIC TELEGRAPH.
Chap. XVI.—MAGNETISM (continued), Chap. XXI.—DIAMAGNETISM.
Chap XVIL—MAGNETISM (continud 5. Clnp. XXTI.—MaaneTic HYPOTHBSES.

* This publication fnllybem out its title of * Mmusl It discusses in a satisfacto—s
manner city, frictional and c, thermo-electricity, and el siology.

diffuse correct views of electrical science, to make known the laws by whicg my‘benc"
force is regulated, which is the intention of the Author, is an important task.”’—A¢kenaxu.

* Dr. Noad's Mumsl, in some de, ents of which he has had the counsel and assis:-
ance of Mr. Faraday, Sir William Snow Harris, Professor Tyndall, and others, giving an |
additional sanction and interest to his work, is more than ever worthy of being recers-
with fnvonr by stu and men of sci The style in which it is written is very exac:

and clear.”’—Literary Gazette.

“Itis wort.hy of a place in the library of every public institution, and we have no douik
it will be deservedly patronised by the scientific community.” —Mining Jouraal.

*.* In the press, closely printed, post 8vo. with several hundred illustrations.

THE STUDENT'S TEXT-BOOK of ELECTRICITY: a condense!
résumé of the History, Theory, and Applications of Electrical Secience:
including all its latest practical Developments, and every recent Dis-
covery. By Henry M. Noap, Ph.D., F.C.S.

CHEMICAL ANALYSIS.

THE COMMERCIAL HANDBOOK of CHEMICAL ANALYSIS;
or Practical Instructions for the determination of the Intrinsic or Com-
mercial Value of Substances used in Manufactures, in Trades, and iz
the Arts. By A. NorManDy, Author of “Practical Introduction t-
Rose’s Chemistry,” and Editor of Rose’s ¢“Treatise of ChemwalAna.lysu
Illustrated with woodcuts. Second and cheaper Edition, post 8vo. 9-.
cloth.

* We recommend this book to the careful perusal of every one; it may be truly affirr
t/obe:f universal interest, and we strong recommend 1:‘-1:’0 our re‘deuuaguide alk

indispensable to the housewife as to the p. Medical Times.
“The Author has produeed a volume of surpassing interest, in which he describes ti:
character and properties of 400 different { the by whia

they are too frequently adulterated, and the means of their detection.”—Mining Journ..
¢ A truly practical work. To place the umcientiﬂe rson in a position to detect that
w‘ljnli:h gigh; :uinlnm hnmn’cter and hgitth X ; ﬁent workwﬂl prove M:hly valt
al 0 O can t.reat:lse qu]re tﬂnhﬁ
deeper knowledge of the hemical Ezxposilor, Tanl
“TMvmbucwwkonthenlﬂectmEanvmnhuyetpmdueed
Mechanics’ Magaxine.
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PRACTICAL PHILOSOPHY.
A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. Jor~
Carr, M.A,, late Fellow of Trin. Coll., Cambridge. Second Edition.
18mo. 6s. clot.h.

SCIENCE AND ART. *

THE YEAR-BOOK of FACTS in SCIENCE and ART; exhibiting
the most important Improvements and Discoveries of the Past Year
in Mechanics and the Useful Arts, Natural Philosophy, Electricity,
Chemistry, Zoology and Botany, Geology and Mineralogy, Meteorology
and Astronomy. By Joun Timss, F.S.A., Author of “Curiosities of
Science,” * Things not Generally Known, &ec. With Steel Portrait
and Vignette. Fcp. price 5s. cloth.

¢ This work, published of the prinoipd sclentiﬂo
socicties, and 1s indls nsable m 'who whh 1o Dosseas a Taithtul
novelties in scienoe

The VOLUME for 1866 contains a Portrait of Proressor PrrLLIPS ;
that for 1865 a Portrait of MaJor-GENERAL SABINE, R.A.; that for
1864, a Portrait of S1r WiLLiaM ArMsTrONG, C.B., LL.D., &c. that
for 1863, a Portrait of Sie CrarLes LyrLy, D.C.L., F.R.S. ; that

.for 1862, a Portrait of WrrLiam FamsamN, F.R.S., LL.D.; and that
for 1861, a Portrait of Lorp BrouarAM.
The above Volumes, price §s. each, are all on sale.

Also an EXTRA VOLUME, the International Exhibition 1862,
with fine Photograph by the London Stereoscopic Company, price 63.

SCIENCE AND SCRIPTURE.

SCIENCE ELUCIDATIVE of SCRIPTURE, and NOT ANTAGO-
NISTIC TO IT: being a Series of Essays on—1. Alleged Discre-
pancies; 2. The Theory of the Geologists and erﬁm of the Earth;
3. The Mosaic Cosmogony ; 4. Miracles in gen Views of Hume
and Powell; 5. The Miracle of Joshua—Vlews of Dr. Colenso: The
Supernaturally Impossible ; 6. The Age of the Fixed Stars—their Dis-
tances and Masses. By Professor J. R. Youxne, Author of “ A Course
of Elementary Mathematies,” &c. &c. Fep. 8vo. price s. cloth lettered.

. ** Profssor Young’s examination of the early verses of Genesis, in connection with mo-
dern menﬁﬂc hypotheses, is excellent.”’—English Churchman.

by the true spirit of scientific inquiry, by knowledge, by keen
loglcal .bmﬂ?y.,h:gd by a style peculiarly clear, easy, and e'nergtrtg.r“t -Nonconformist.

*“No one can rise from itaperusdwithout beingtmpruuedwithnlmeotthe aingnhr
eakness of modern > ist Mag

w

POPULAR WORK ON PAINTING.

PAINTING POPULARLY EXPLAINED; with Historical Sketches
of the Progress of the Art. By TaomMas JoEN GuLrIcK, Painter, and
Jonx Timss, F.S.A. Second Edition, revised and enlnrged. With a
Fronusplece and Vignette, in small 8vo. price 6s. cloth.

*,* This Work has been adopted as a Prize-book in the Schools of
Art at South Kensington.

;Afwrkt;hntgnny lge advan g&nnltedihel{uchhg:u be Iea}'ntﬁ?s even la those
who fancy o not require to be taught, from careful perusal of un; nding
but compreheezyuive treatise.”—Art Jowrnal. pre

““ A valuable book, whichsn plies a want. It contains alarge t of original matt,
agreeab).v conveyed, and will found of value, a8 well by the young artist leeki.ng in-

88 by the' 1 reader. We give a cordial welcome to the book, and augur

for it an increuing reputation.”’—Builder.

“This volume is one that we can heartﬂg' recommend bo all who are desirous of under-
standing w] ina —Daily
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DELAMOTTE'S WORKS ON ILLUMINATION, ALPHABETS, &oc.

A PRIMER of the ART of ILLUMINATION ; for the use of Be-
ginners: with a Rudimentary Treatise on the Art, Practical Directions
for its Exercise, and numerous Examples taken from Illuminated MSS.
and, printed in Gold and Colours. By F. DeramorTs. Small
4to, price 9. Elegantly bound, cloth antique.
“* A handy book, beautifully illustrated ; the text of which is wellwritten,
to be useful. . . . The enmplea of a t MSS. to ot %
wit.h much good sense, th from oollecti Rt to all, are
th judgment and hwwledge, as well as tas "—Atm:mm
“Hoduﬂ{nodl & Primer, this little book has & beeswemednmmunland
gnide book in the stndy and practice of the diﬂeren tyles of ornnmenml lettering used
the artistic transcrbers o! past ce: a.ma. ur may with this silent pre-
oepwrleumthewholem-nd 'o“.u nination.””

““We are able to d Mr. Del tte’s Treati Muminaﬁontoallwho

to become practi acquainted with the arb The letterpress is modestly but ndiciomly
written ; n.nd the nst.mﬁons, which are numerous sll-xpg well chosen, are i)eanhlu.lly
printed in gold and colours,”’—Ecclesiologist.

ORNAMENTAL ALPHABETS, ANCIENT and MEDLZEVAL : from the
Eiﬁhth Century, with Nnmerals including Gothic, Church-Text, large
and small, German, Italian, A.rabesque, Initials for Illumination,
Monograms, Crosses, &c. &c., for the use of Architectural and En-
gineering Draughtsmen, Missal Painters, Masons, Decorative Painters,
Lithographers, Engravers, Carvers, &c. &c. &e. Collected and engraved
by El I;lm.n(orm, and printed in Colours. Royal 8vo. oblong, price
4s. clot

** A well-khown engraver and draughtsman has enrolledinthhnsehlbooktheremlzd
years’ study and research. For those who insert enamelled sentences round
chalices, who blazon sth legends over sho%edoors. who letter church walls with pithy
from the D , this book —Athenaum. !

EXAMPLES of MODERN ALPHABETS, PLAIN and ORNAMENTAL;
including German, Old English, Saxon, Italic, Perspective, Greek, He-
brew, Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustie, and
Arabesque ; with several Original Designs, and an Analysis of the
Roman and Old English Alphabets, large and small, and Numerals,
for the use of Draughtsmen, Surveyors, Masons, Decorative Painters,
Lithographers, Engravers, Ca.rvers. &e. _Collected and engraved by
fl DeraMorTr, and printed in Colours. Royal 8vo. oblong, price 4

oth.

“To artists of all chues, but _more especially to architects and engravers, this very
handsome book will be invaluable. There is comprised in it everypoui‘ le sha;
which the letters of the alphabet and numerals can be formed, and the tﬂent W] el: hu
been the of the various plain and ornamental letters is won-
dertul.” —Standard.

MEDIZEVAL ALPHABETS and INITIALS for ILLUMINATORS. By
F. Drraworr, Illuminator, Designer, and Engraver on Wood. Con-
taining 21 Pla.tes and Illuminated Title, printed in Gold and Colours.
With an Introduction by J. WictLis Brooks. Small 4to. 6s. cloth gilt. |

“ A volume in which the letters of the alplmb come forth glorified in gﬂding a.nd .n
the colours of the prism interwoven and intertwined and termingled, 80;
sort of rainbow A poem emb]azone(- in these chamten would only eom
parable to one of t.hose cio\u love-letters ymbolised in a bunch of flowers well selected
and cleverly arranged.”’—,

THE EMBROIDERER'S BOOK of DESIGN; -containing Initials
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical
Devices, Medizeval and Modern Alphabets, and National Emblems.
Collected and engraved by F. Dsraworrs, and rmted in Colours.
Oblong royal 8vo. price 2s. 6d. in ornamental bo

\

=4
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AGRICHLTHRE, ETC,

TEXT-BOOK FOR ARCHITECTS, ENGINEERS, SURVEYORS, &o.
A GENERAL TEXT-BOOK for ARCHITECTS, ENGINEERS,
SURVEYORS, SOLICITORS, AUCTIONEERS, LAND AGENTS,
and STEWARDS, in all their several and varied Professional Occupa-
tions; and for the Assistance and Guidance of Country Gentlemen
and others engaged in the Transfer, Management, or Improvement of
Landed Property; together with Examples of Villas and Country
Houses. By Epwarp Rypg, Civil Engineer and Land Surveyor. To
which are added several Chapters on Agriculture and Landed Property,

by Professor DonarDsoN, Author of several Works on

Agriculture.

‘With numerous Engravings, in one thick vol. 8vo. price 1/. 8s. cloth.
’ oom-lna.

Chap. I. —ARITHMETIO,
Chap. II—PLANE AXD SoL1D GroMETRY,
Chap. II1.—MENSURATION.
. 'RIGONOMBTRY.
Chap. V.—Coxic BEcTIONS.
1% VI.—LAND MRASURING. Includ.lns
Ts le of Decimals of an Arc—Table of
easure, by dimemiom taken in

Blmvmxo 1. Parish
—2, Trlgonome-
verseSnrve

Sextan
cﬂ;‘ VIII—Lmu.m; Leve

Iaevol 3 %ﬁ; .gigveng{:l (}rava.tt s

Staves—Examples in
Embracing

Cha.p. X.—CoxpPUTATION OF ArEAS. The
the Computing Scale—Com-

Pedi
uﬁngables.
01‘1)&9. .—Coprying Mars. Including a
desoription of the Pent h.
Chap. .—~RAILWAY BURVEYING. 1 Ex-
lontion and Trial Levels;
bseque
therﬂn of the Act ; e for Setting
out Ourveo Tablealorsettmg ou tSlo
Tables % lative Gradi
tion of orh to be execnted 5!.\
n of a Form of
Cha.p XIII —CovroN1aL Qunvxnm
Chap. XIV.—HYDRAULICS IN CONNECTION
g-rm Dnnsluol, S:w!mﬁ%é mnHV;’dA;n
UPPLY — yno '8 u-
lic Tables — ons, Iron

&eciﬂ Pi
and Cast-iron Su,r)::

e Con-

—b. tonemnom P terers' -7
Tronmongers’.—8. Painters’.—9. Glaziers
—10. Pa; ergm

1. —VALUATION oOF Enwru
th 'l‘ables for the Purchasin
bold, Oo or Leueholdg Esnt.el,
Axnnui ami Advowsons, and for Re-
ne

D —VALUATION 0F TILLAGE AND
TENANT RienT. With Tables for Mea-
suring and Valuing Hay Ricks.

CChh: XX —BVuUAnoi); or Pmsncls

D. —BUILDERS’ PRICES. 'arpen-
ters’ and Joiners’.—2. Masons’.—S8. Brick-
layers’.—4. Plasterers’.—5. I
3

—6. Drainers’ —-’l Plumbers’.—8. Pain-
ters'.~9. Pa; and_Decora-~
tors’.—10. G m. —) c Workers’.
—12, Co the*.—18. WireWorkm.

Clnp. I—Dxmnu'noxs AND 2Nu1-
hpidsﬁons by Tenants for Life and

—8 D ee or Mort&

—2. %e Iav
oth%on onts ©

Chnp XXTIIT.—~LANDLORD AND TENANT.
1. Agreements and Leases,—2. Notice to
Quit.—3. Distress.—é. Recovery of Pos-

-nd Cosines—For Red Links into
Feet—Decimals of a Pound Bterling.
Chap. XXV.—S8raup Laws, Stamp
ms’ Duties.

' EXAMPLES oF VILLAS, &o.
ON LANDED PROPERTY.
By PRorEssor DONALDEOX.

Chap., I.—Landlord and Tenant — their
Polition and Conections.
Chap. II. Leueo La.n Conditions and

ce of Tenant, and As-
sig-nation of t'ho D
—Culhvation of Land, and Rota~

-ﬁnmnﬁs ocessary on Culti-
'n houag: Far-
menes md OOtta.ges for Z

tion of

\bourers.
Fenoes md ’
Chap. bz}—l’hnmﬁm Young and Old

Chap. —Mead and Emb
Beds e?if Bivera Water Courses, and
roun
Chap. VIII.—Land Draining, Oawned and
pered -Plan, Execution,

an

ment between Landlord and Tenant.
e oot Bataia e
Chap, X1.—Vamation of Landed Pro

of the 8oil, of Houses, of Woods, of

rals, of Manorial Rights,

T ot

ofl’ee Farm e, of
Chaj XII—IAnd ‘Steward and Farm
cations and Duties
(!h.p —]gmor B oodrieve,

Slon s Datios.
Tt e ot
AT ents o orm

%eﬁ Books, Gene-

.pofﬁ. mdo
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SCOTT BURN'S INTRODUCTION TO FARMING.

THE LESSONS of MY FARM: a Book for Amateur Agriculturists,
%eele]:ﬁnagn Introduction to Farm Practice, in the Culture og (i};ops, th-
of Cattle, Management of the Dairy, Poultry, an and
in the Keeping of Farm-work Records. By Roserr Scorrgﬁuzx
Editor of “ The Year-Book of Agricultural Facts,” and one of the
Authors of ““Book of Farm Implements and Machines,” and “ Boox
of Farm Buildings.” With numerous illustrations. Fep. 6s. cloth.

“A v nscfulhbtlabook.vﬁﬁanint.holivehsﬁylewhichwmm the amatet:
chutowhomitbdodimd,md uch sound advice and mmue«hesmpnon.

*There are many hints in it which even old farmers nee&notbeuhnmed _to accept.”
Morning Herald.
“ A most complete introduction to the whole round of farming practice.”—JoAn Bull.

*“ Never did book exercise a more ndnmeﬂectt.hm‘nyrarm Four Acres.” M-
nrn hu followed suit in & very practical and pleasant little work.”—Illustrated Lordos

YOUATT AND.-BURK’S COMPLETE GRAZIER.

THE COMPLETE GRAZIER, and FARMER'S and CATTLE-
BREEDER'S ASSISTANT. A Compendium of Husbandry, esge-
cially in the departments connected with the Breeding, Rearin:.
Feeding, and general Management of Stock, the Management of the
Dairy, &e. ; with Directions for the Culture and Management of Gras:
Land, of Grain and Root Crops, the Arrangement of Farm Office:
the Use of Implements and Machines; and on Draining, Irrigatioz
Warping, &c., and the Application and Relative Value of Manuns.
By WiLLam Yovu'r, Esq., V.S,, Member of the ?a.l Agriculturl
Society of England ; Author of “The Horse,” “Cattle,” &e.  Eleveat.
Edition, enlarged and brought down to the present requirements .
Agncultuml practice. By RoBerT Scort BurN, one of the Authe:
of “The Book of Farm Implements and Machines,” and of ¢“The Bo.k
of Farm Buildings;” Author of “The Lessons of My Farm,” ac:
Editor of “The Year-Book of Agricultural Facts.” In one large v
volume, 784 pp. with 215 Illustrations. Price 1/. 1s. strongly hal:
bound.

CONTENTS.

w- | Preservation of Cheese.—VI. On the Pr-
mt | duce of a Dairy.

tle Book THE THIRD.—On the Breedua Rea~
of | ing, and Management of Farm-Rorses.—
iI. | Introductory and Comparative View of 1!
k- :(axl;ﬂaerem:g Burgeds otlf‘largfhones g-U
nd de%m —1IV. the e

nd On Rearing ¢ -
Trainin ol’Colm—V Of the Age. Qm“
,‘: o&hons,gand Sale_of Horses. —VI.

— | Maintenance and Labour of FArm-hor»
of | —VII. On the Comparative Merits
L. Dm‘iiht Oxen and Horses.—VIIL. Of As-

Boox THE FOURTH.—On the Breei:.
andFatmingiof Sheep. —1. ln"
ive View of the i:

Book THE BECOND.—On the Economy and
Management of the Dairy.—I. Of fﬁlch ducto

Kine —II. Of the Pasture and other Food | ferent tish Sheep.—I1I. O'n =
best calonlated for Cows, as it re, their { Merino, or B Sheep.—III. On
Milk.—III. Of the 8ituation and Buildings Breeding ent of Sheep.
fl per_for & Dniry and the proper Dmﬁz The Treament and Rearing of
tensils.—IV. Of the Management of M: lambs.—V. The Feedmx of Sheep. —VI [
and Cream, dthe Making and Preserva- Foldmg Sheep. —VIL. The Shearing

tion of Butter.—V. Of the Making and | Sheep.—VIIL. On Wool. *:'
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Youarr AND BurN's COMPLETE GRAZIRR—continued.
Boox THE FIFTH.—On the Breeding, Rear- | Land.~V. Onthe Culture of Grass Land.—

ing, and Fattening of Swine.—L. Introduc- | VI. On H -making.—VII,

tory and Comparative View of the different ——VIII&y Imped!mentsg:the chjtlllxg
Breeds of Swine.—I1. On the Breeding and | and the Erad.icalnon of Weeds.—.
Rearing of .—III. On the Feeding and nrlng and umini X. On Drai -
Fa‘tibiasnmg;1 of SBwine.—IV. On Curing Pork | XI. On Irrigation.—XII, On ‘Warping.

Boox THE NINTH.—On the Cultivation
Boox THE SIXTH.—On the Diseases o; Grasses, Puls
C'«ig[tle .—L. The Diaeaseslnoidentbo(}atﬂé, Rootc.‘—— .lmtm % o % u:ﬁg

Cepgs ol Shoon. ¥, ThoDlscisos o Lambe. | commmonty culivuiad o ches Sess, o

. ‘ their Btraw, or for Green Forage

FLL On the largd%;gs ;l;g Bowring of | the Vegoiatios bJsc rc:.l&ulageddlo& Aninal
Palmlpedes or Web-footed kinds.—IX. '.l'ha tive Valne of e G o and Hospars
D of tve 3 orc.ttlem rasses and Roots as

BOOK THE Smm .—On Farm Qﬁceo, ]
and Implements of Hmbandrz ra
Farm-house, the Farm-yard, its Oﬂices. I
—II. On the Construction of Ponds.—IIT. M

Farm ttsgea—l'v On Farm Imple- | 3y
ments.—V. On S8team Cultivation.—VI. On S
Sowing Machines, and Manure Distri- tic
but.ots.—yl. On éteagn quinesﬁl‘.{x;ash- of
Mﬁls Bruising M

Book THE EIGHTH. —On the Culture and | Rc
Management of Grass Land—I. On the | &c
Bize_and Shape of Fields.—II. On Fences. | do
—IIX. On Pasture Land.—IV. On Meadow ' tic

‘The standard, and text-book, with the farmer and grazier.”’—Farmer’s Magazine.

¢ A valuable repertory of intelligence for all who make agriculture a pursuit, and espe-
ii’ally for those who aim at keeping pace with the improvements of the age.”’—Bell's

r Messenger.

‘‘ A treatise which will remain a standard work on the subject as long as British agricul-
ture endures.”—Mark Lane Exprcu

““ A compendium of modern husb bracing a ise acoount of all the leadin
improvements of the day. "-—New Sportina Magazine.

TABLES FOR LAND VALUERS.

THE LAND VALUER'S BEST ASSISTANT: being Tables, on a
very much improved Plan, for Calculating the Value of Estates. To
which are added, Tables for reducing Scotch, Irish, and Provincial
Customary Acres to Statute Measure ; alsn, Tables of Square Measure,
and of the various Dimensions of an Acre in Perches and Yards, by
which the Contents of any Plot of Ground may be ascertained without’
the expense of a regular Survey; Miscellaneous Information on English
and Foreign Measures, Specific Gravities, &c. By R. HUDSON, Civil
Engineer. New Edition, with Additions and Corrections, price 4s.
strongly bound.

¢ This new edition includes tables for ascertaining the value of leases for any term of
years; and for showin, g how to lay out plots of nd of certain acres in forms, -%
round &c., with valuable rules for ascertaining probable worth of standing tf er m
mny amount and is of incalculable value to the and prc
man. —Farum- 8 Journal.

SHEEP AND THEIR DISEASES.

THE HISTORY, STRUCTURE, ECONOMY, and DISEASES of
the SHEEP. By W. C. SpoonEr, V.S., Editor of White’s * Cattle
Medicine,” and White’s “ Compendium of the Veterinary Art.” Illus-
trated by Harvey. Second Edition, 12mo. 5s. cloth.

*The name of Mr. Spooner, who i8 a distingnished ber of his p is a suffi-
cient guarantee for the accuracy and usefulness of its contents. Farmers clnbs ough’c to
.add this work to their libraries ; and, as a work of reference, it ought to be in the posses-
sion of all sheep farmers,” *—Gardenérs' Chronicle.
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MISCELLANEDUS.

NO MORE LAWYERS'

— e

BILLS !!

EVERY MAN'S OWN LAWYER: A HANDY BOOK of the
PRINCIPLES of LAW and EQUITY. By a Barrister. Fourth
Edition, much enlarged, and brought down to end of 1865 Session.

12mo. price 6s. 84.

cloth. Com

t‘(hsaved at every Consultation) strongly bound in

e Rights and Wrongs of Individuals, Mercantile
w, Criminal Law, Parish Law, County Court Lav,
Game Inws, the sts of

BAXKRUPTCY. InsumaNCE. Stock ExcEAxGR PRACTICE
BzTs AXD WAGERS. LinxL A¥D SLANDER. Trespass, Nuisaxces, Eic.
BiLLs or EXCHANGE, MARRIAGE AND DIvoRcE TRANSFEE OF Lawp, Erc.
CONTRACTS. Sarpring. WARRAKTY.
CoryriGET, PATENTS, ETC. | MoORTGAGES. WILLS ANXD AGREENENTS.
EwLxcTIONS. Erc. Erc.
Also Law for
Lendlord and Tenant. Com and Associa- 0]
Master and Ete. Farriers and H
Husband and Wife. Friendly Societies. til House-Agents.
Executors and Cl:tafymen(!h k ‘Etc.
QGuardian and Ward. Medical Practitioners, Etc. Bakers, , Ete.
Married Women & Infants . Pawnbrokers.
Partners and Agents. Farmers urveyors.
Lender and Borrower. ontractors. Carriers.
Debtor and Creditor. Stock and Share Brokers. Constables.
Purchaser and Vendor, Sportsmen. Seamen, Soldiers, Etc.
OPINIONS OF THE PRESS.
** What it prof. itome of the laws of this country, thorongh::
lntellig'lble to non-pmfeuionﬂ reodar- book is a handy one to have 'in readir~:
point requires i so]l:t;igx:. and found of ce ot: mehi-i!
bnnn md those w. horror of spending money on a
.dvlmm’ s Life.
** Really an admirable book of its kind. The Author have employed
ers ol oondensation to immense nnugo md the msnlt isa cleanv-worded azd
inf t be useful a or otherx

explicit manual, con
everybody.”’ —Meckanics’

agazine.
“Th!nisuworkwhichhulongbeenmted. whichisthomnghl:wendone.md which

‘we most

“Inordertomaetdltbeordinmoasesﬁkelymownrinwmmon life, this .dnﬁnbe

manual
nkeywthe laws

those subjects we have enminea

which glves to every man
his coun!

An to_enable
is full, clear, and satisfs

wlllbenved%thammo!bndnmmeveryoonmlnﬁon

THE LAWS OF MINES AND MINING COMPANIES.
A PRACTICAL TREATISE on the LAW RELATING to MINES,
and MINING COMPANIES. By WmITTON ARUNDELL, Attorney-at-
Law. Crown 8vo. 4s. cloth.

AUCTIONEER'S ASSISTANT.

THE APPRAISER’S, AUCTIONEER'S, HOUSE AGENTS, ard
HOUSE BROKER’S POCKET ASSISTANT for the Valuatior,
Purchase, and the Renewing of Leases, A.nnnmes Reversions, and of
Property generally ; Prices for Inventories, with & Guide to determine

.the Value of the Interiors, Fxttmgs, Furniture, &c.
24mo. cloth boards, 2s. 6

*Valuer.

lo Bim 10" lspens

pense with legal help.

, and at & very small cos

On:_

andth the bouk
alcyan

By JorN WHERLER,

|

o
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INNKEEPERS' LAW.

THE INNKEEPER'S LEGAL GUIDE: What he Must do, What
he May do, and What he May Not do. A Handy-Book to the Liabi-
lities, {ammad and Unlimited, of Innkeepers, Alehouse-keepers, and
Refreshment-house Keepers, &c. Second Edition, revised and en-
larged ; with verbatim copies of the Innkeeper's Limited Liability, the
General Licénsing, and the Public-house Closing Acts, 1864. By
Ricuaep T. Tmswerr, M.A. Oxon. of the Inner Temple, Barrister-
at-Law, Esq., Joint Author of “Law of Marriage and Divoree,” and of
¢ The Practice and Evidence in Divoree,” &c. Fep. 1s. 64. cloth limp.

* Every licensed, victualler in the land should have this exceedingly clear and well-

READY RECKONER FOR HOUSEKEEPERS.

THE INSTANT RECKONER; showing the Value of any Quantity
of Goods, including Fractional Parts of a Pound Weight, at any price
from One Farthing to Twenty Shillings : with an Introduction, embrac-
ing copious Notes of Coins, Weights, Measures, and other Commercial
and Useful Information; and an Appendix containing Tables of Interest,
Salaries, Commission, &e. 24mo, 1s. 6d. cloth; or 2s. leather.

RUDIMENTARY WORKS.

WEALE'S SERIES of RUDIMENTARY SCIENTIFIC and EDU-
CATIONAL WORKS. At prices varying from 1s. to 5s.

*,* This excellent and extraordinarily cheap Series of Books, now
comprising nearly 200 different Works in almost every department of
Science, Art, and Education, is strongly recommended to the notice of
Mechanics’ Institutions, Literary and Scientific Associations, Free
Libraries, Colleges, Schools, &c.

Lists may be had on application to Messrs. Lockwoop & Co.

EVERY HOUSEKEEPER'S BOOK.

Just published, in a clésely-printed volume, in a clear and legible type,
post 8vo. 6s. cloth,

THE DOMESTIC SERVICE GUIDE to HOUSEKEEPING: Prac-
tical Cookery; Pickling and Preserving; "Household Work; Dairy
Management ; the Table and Dessert ; Cellarage of Wines ; Home-
brewing and Wine-making ; the Boudoir and Dressing-room; Invalid
Diet; Travelling; Stable Economy; Gardening, &c. A Manual of all
that pertains to Household Management, from the best and latest
authorities, and the Communications of Heads of Families; with seve-
ral hundred new Recipes.

¢¢ A really useful Guide on the important subjects of whieh it treats.””—Spectator,
*¢ The best cookery book published for many years.””—Bell’s Messenger,

<¢ This book is characterised by a kindly feeling towards the classes it designs to benefit,
and bya otful regard to religion,”’—Record. . .

¢¢ 'We find here directions to be d.iseovereni in no other book, tending to save expense to
the pocket, as well as labour to the head. It is truly an astonlshing book,”’—Jokn Bull.

L
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TIMBS' THINGS NOT GENERALLY KNOWN.

THINGS NOT GENERALLY KNOWN. By Jonx Toess, F.S.A
Editor of “The Year-Book of Facts,” &c. In Six Volumes, fep. clott
15s.; or, the Six Volumes bound in Three, cloth gilt, or half-bound
15s.; cloth, gilt edges, 16s. 6d. Contents:—General Informatior
2 vols.—Curiosities of Science, 2 vols.—Curiosities of History, 1 vol.—
Popular Errors Explained, 1 vol. (The Volumes, either single vols
23. 6d., or double vols. s., are sold separately.)
m%mkﬁ%gﬁﬁlw'e little book; a book as full of information as :
“ A very amusing miseellany.’’—Gentleman’s Magazine.
*¢ And as instructive as it is amusing.’’—Notes and Queries.

INVENTORS AND DISCOVERERS.
STORIES of INVENTORS and DISCOVERERS in SCIENCE and
USEFUL ARTS. By Jom~ Tmuss, F.S.A. Second Edition. With
numerous Ilustrations. Fep. 6s. cloth.

“These stories by Mr. Timbs are as marvellous as the Arabian Nights' Entertainments,
and are wrought into a volume of great i t and worth.”—ulac.‘g " » '

BY A CONTRIBUTOR TO ‘ THE REASON WHY' SERIES.

THE HISTORICAL FINGER-POST: a Handy Book of Terms,
Phrases, Epithets, Cognomens, Allusions, &c. in connexion with Uni-
versal History. By Epwarp SHELTON, Assistant Editor of * The
Dictionary of Daily Wants,” &c. &c. Second and cheaper Edition.

1 vol. crown 8vo. pp. 384, 2s. 6d. cloth. |

¢ A handy little yolume, which will su] the place of * Hi ’s Dicti '
5 = LR e

to many mom who cannot afford that work. Moreover, it contains som
Haydn's boek does not.”’—Bookseller.
* Tt is to the historical student and anti ian what ¢ Enquire Within ’ is to the prac-
cal h wife—not di: sing with stores of hard-acquired and well-digested knowledge,
but giving that little aid which, in moments of hurry and busi is the true i
of time.””—Volunteer Service Gazette.

LONDON IN THE NINETEENTH CENTURY. . ‘

WALKS and TALKS ABOUT LONDON. By Jomx Trues, F.S.A,|
Author of “ Curiosities of London,” ¢‘Things not Generally Known,”
&c.. Contents:—About Old Lyons Inn—Last Days of Downing Street
—Walks and Talks in Vauxhall Gardens —Last of the Old Bridewell —
The Fair of May Fair—From Hick’s Hall to Campden House—Talk
about the Temple—Recollections of Sir Richard Phillips —Curiosities
of Fishmongers’ Hall—A Morning in Sir John Soane’s Museum—A
Site of Speculation—Changes in Covent Garden—Last of the Fleet
Prison—Forty Years in Fleet Street—Changes at Charing Cross—
Railway London—Blackfriars Bridge—Raising of Holborn Valley—
An Old Tavern in St. James's. With Frontispiece. Post 8vo. cloth
gilt, 8s. 6d.

“ The London of the last generation is, day by day, being rent a from the sight off
the present, and_it is well that Mr. Timbs is inclined to walk a.nd'mk about it ﬁ‘e ity
vanishes altogether, and leaves the next generation at a loss to understand the
history of the metropolis 8o far as it has a local eolonnn%,cu 80 very much of it
Much of this has now gone for ever, but our author has watchs
of the ‘ improver,” and thanks to his industry, many a memory that we would not willin,
let die is oong;ﬁed to the keeping of the printed page, which in this instance, as in a9|
many others, doubtless prove a more lasting record than brass or marble.’
Gentleman’s Magacine.

SPOTTISWOODE AND CO., P RS, NEW-STRERT SQUARE, LONXDOX.









Lv






