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PREFACE.

The rapid extension of the practice of

stadia measui'ements has naturally created

a demand for a guide to the method.

The present hand-book contains a com-

plete exposition of the theory, with di-

rections for its application in the field.

The tables for reduction of observations

have been in use by the author on the

Geological Survey of Pennsylvania.

To increase the serviceableness of the

book the trigonometrical four place tables

have been added.

Editor of Magazine.





STADIA SURVEYING.*

The fundamental principle upon which

stadia measurements are based, is the

geometrical one that the lengths of par-

allel lines subtending an angle are pro-

portional to their distances from its apex.

Thus if, in Fig. 1, a represents the

* Tbe credit of having first introduced this method
of measurement into this country would seem to be-

long to Mr. John R. Mayer, a French Swiss. It was
used by him as early as 1850 ; and subsequently, during
bis connection with the United States Lake Survey,
he did much towards perfecting the instruments and
improving the methods of work. An essay by him in
the Journal FranMin Institute for January, 1865, con-
tains a short historical sketch of the development of
topographical surveying and a brief discussion of the
general principles of btadia measurements.
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leng'.v'K ot a line subtending an angle at a

distan<9e d from its apex, and a' the length

of line, parallel to and twice the length of

«, subtending the same angle at a dis-

tance d' from its apex, then will d' equal

'2d.

This is, in a general way, the underly-

ing principle of stadia work ; the nature

of the instruments usedg however, intro-

duces several modification::, and these will

be best imderstood by a. consideration of

the conditions undc:; which such measure-

ments are generally made.

In the telescopes of most instruments

fitted for stadia work, thore are placed

either two horizontal wires (usually ad-

justable) or a glass with two etched hori-

zontal lines at the position of the cross

wires, and equidistant from the center

wire.

A self-reading stadia rod is further

provided, graduated according to the

units of measurement used.

In a horizontal sight with such a tele-

scope and rod, the stadia wires seem to

be proiected upon the rod and to inter-



cept a distance which in Fig. 2 is repre-

sented by a.

In point of fact there is formed, at the

position of the stadia wires, a small con-
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jugate image of the rod which the wires

intersect at points b and c, which are re-

spectively the foci of the points B and G
on the rod. If, for simplicity's sake, the

object glass be considered a simple bi-

convex lens, then, by a principle of oj)tics,

the rays from any point of an object con-

verge to a focus at such a position that a

straight line, called a secondary axis, con-

necting the point with its image, passes

through the center of the lens. This

point of intersection of the secondary axes

is called the ojDtical center. Hence, it

follows that lines such as c C and b B, in

Fig. 2, drawn from the stadia wires

through the centre of the object glass

will intersect the rod at points corre-

sponding to those which the wires cut on

the image of the rod. From this follows

the proportion:

dap .^

Where

:

c?=the distance of the rod from the

center of the objective

;
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j9=the distance of the stadia wires from

the center of the objective

;

«==the distance intercepted on the rod

by the stadia wires
;

I— the distance of the stadia wires

apart.

If p remained the same for all lengths

of sight, then ~ could be made a desir-

able constant and d would be directly

proportional to a. Unfortunately, how-

ever, for the simplicity of such measure-

ments, p (the focal length) varies with

the length of the sight, increasing as the

distance diminishes and vice versa. Thus

the proportionality between d and a is

variable.

The object, then, is to determine ex-

actly what function a is of d and to

express the relation in some convenient

formula.

The general formula for bi-convex

lenses is:

- + -^=>. ... (2)
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/ is the principal fo:al lengtli of the

lens, andji? and jt>' are the focal distances

of image and object, and are approxi-

mately the same as p and d, respectively,

in equation (1)

:

therefore, - +- =-, approximately.

^d d ^and-=-—

1

p f
_ ,^. d a
From(l), -=-

2) I

a_d
' i=r

whence d=-a+f . . . (3)

In this formula, it will be noticed that,

as f and Z remain constant for sights of

aU lengths, the factor by which a is to be

multipHed is a constant, and that d is

thus equal to a constant times the length

of «, plus /. This formula would seem,

then, to express the relation desired, and

it is generally considered as the funda-

mental one for stadia measurements. As

above stated, however, the equation
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1 1_1
V ^"/

is only approximately true and the con-

junction of this formula with (1) being?

therefjre, not rigidly admissible, equation

(3) does not express the exact relation.*

The equation expressing the true rela-

tion, however, though differing from (3)

in value, agrees with it in form and alsa

in that the expression corresponding to

:=r IS a constant and that the amount ta

be added remains, practically, f. The

f
constant corresponding to - may be

called ^t and thus the distance of the

rod from the objective of the telescope i&

seen to be equal to a constant times the

reading on the rod, plus the principal

focal length of the objective. To obtain

the exact distance to the center of the in-

* This is demonstrated on page 21.

+A;is dependent upon I and can, therefore, be made-

a convenient value in any instrument fitted with ad-

justable stadia wires. It is generally made equal to
100, so that a reading on the rod of 1 corresponds to a.

distance of 100+/.
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strument, it is further necessary to add

the distance of the objective from that

centre, to /; which sum may be called c.

The final expression for the distance,

with a horizontal sight, is then

d=ka-\-€ . . (4)

The necessity of adding c is somewhat

of an incumbrance. Tn the stadia work

of the United States Government sur-

veys an approximate method is adopted

in which the total distance is read di-

rectly from the rod. For this method

the rod is arbitrarily graduated, so that,

at the distance of an average sight, the

same number of units of the graduation

are intercepted between the stadia wires

on the rod, as units of length are con-

tained in the distance. For any other

distance, however, this proportionality

does not remain the same ; for, according

to the preceding demonstration, the

reading on the rod is j^J'oportional to its

distance, not from the center of the in-

strument, but from a point at a distance

" c " in front of that center ; so that,
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when the rod is moved from the posi-

tion where the reading expresses the

exact distance to a point, say half that

distance from the instrument center, the

reading expresses a distance less than

half ; and, at a point double that distance

from the instrument center, the distance

expressed by the reading is more than

twice the distance. The error for all

distances less than the average being

minus, and for greater distances plus.

The method is, however, a close approxi-

mation, and excellent results are obtained

by its use.

Another method of getting rid of the

necessity of adding the constant was de-

vised by Mi*. Porro, a Piedmontese, who
constructed an instrument in which there

was such a combination of lenses in the

objective, that the readings on the rod^

for all lengths of sight, were exactly pro-

portional to the distances.* The instru-

* A notice of this instrument will be found in an
article by Mr. Benjamin Smitii Lymon, entitled " Tele-

scopic Measurements in Surveying," in Jour. Frank-
lin Inst., May and June, 1868, and a fuller description
is contained in Armaks des Mines, Vol. XVI, fourth
series.
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ment was, however, bulky and difficult to

construct, and never came into extensive

use.

For stadia measurements with inclined

eights there are two modes of procedure.
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One, is to hold the rod at right angles to

the line of sight ; the other, to hold it

vertical. With the first method it will

be seen by reference to Fig. 3, that the

distance read is not to the foot of the

rod, E, but to a point, f, vertically under

the point, F^ cut by the center wire. A
correction has, therefore, to be made for

this. An objection to this method is the

difficulty of holding the rod at the same

time in a vertical plane and inclined at a

definite angle. Further, as the rod

changes its inclination with each new po-

sition of the transit, the vertical angles

of back and foresight are not measured

from the same point.

The method usually adopted is the-

second, where the rod is always held ver^

tical. Here, owing to the oblique view

of the rod, it is evident that the space in-

tercepted by the wires on the rod varies,

not only with the distance, but also with

the angle of inclination of the sight.

Hence, in order to obtain the true dis-

tance from station to station, and also it»

vertical and horizontal components, a
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correction must be made for this oblique

view of the rod. In Fig. 4,

AB=«=the reading on the rod
;

MF^t^=the inclined distance=c + GF
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MP= D= the horizontal distance=d
cos 71,

FP—Q=the vertical distan ce=D tan n

?2= the vertical angle,

AGB=2m.

It is first required to express d in terms

of a, n and m.

From the proportionality existing be-

tween the sides of a triangle and the sides

of the opposite angles,

AF sin 711

GF sin [90° + (n— w)]

1
or, AF=:GF sin^Ti-

and

cos {n—m) '

BF sin ni

GF' "^ sin~[90^^^(^M^m)]

1
or, BF=GFsin m

cos {n+ rn)

•.AF-fBF=GFsin?77
{n—m)

1
+

cos (n + m)y
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CD
i -\-BF= ff, and GF=

2 tan m
CD cos m

'Z sin in

^y substituting and reducing to a com-

mon denominator,

_CD Gosm [cos (n-[-m)-\- COS (71—971)2

2 cos {71 -\- ?n) cos {)i—m)

Reducing this according to trigono-

metrical formulae,

cos n cos ni

as c?=MF=c + ^\CD,

clz=zc+ h a
cos'^ n cos'' m— sin^ ?^ sin^m

cos ?^ cos ???

The horizontal distance, T>^=zd cos n.

/. D=(3 cos n + ^05 cos^/2— i^ a sin"?z tan^ ??2..

*'The third member of this equation,

may safely be neglected, as it is very

small even for long distances and large

angles of elevation (for 1500', n=4t^° and
^— 100, it is but 0.07'.) Therefore, the

final formula for distances, with a stadia
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kept vertical, and with wires equidistant

from the center wire, is the following :"

'D=c cos n-\- a k Gos^n . . (5)

The vertical distance Q, is easily ob-

tained from the relation : Q==D tan n.

.-. Q=c sin 71 + a k cos 7^ sin ?i

^ . , sin 2?2 ,^,^orQ,=G smn + a/c —-

—

. (6)*

With the aid of formulae (5) and (6) the

horizontal and vertical distances can be

immediately calculated when the reading

from a vertical rod, and the angle of ele-

vation of any sight are given ; and it is

from these formulae that I have calcu-

lated my stadia reduction tables. The

values of ak cos^?i and ak—
^—were sep-

arately calculated for each two minute™

up to 30 degrees of elevation ; but, ag

the value of c sin n and c cos n have

* The above demonstration is substantially that
^ven by Mr. George J. Specht, in an article on Topo-
graphical Surveying in Tan Nostrand's Engineering
Magazine for February, 1880, though enlarged and cor-

lected.
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quite an inappreciable variation for 1 de-

gree, it was thought sufficient to de-

termine these values only for each de-

gree. As c varies with different instru-

ments these last two expressions were

calculated for three different values of c,

thus furnishing a ratio from which values

of c sin 71 and c cos n can be easily deter^

mined for an instrument having any con-

stant (c).

Similar tables have been computed by
tT. A. Ockerson and Jarecl Teeple, of the

United States Lake Survey. Their use

is, however, limited, from the fact that

the meter is the unit of horizontal meas-

urement while the elevations are in feet.

The bulk of the tables furnish differences

of level for stadia readings up to 400

meters, but only up to 10° of elevation.

Supplementary tables give the elevations

up to 30° for a distance of one meter.

For obtaining horizontal distances refer-

ence has to be made to another table^

which is somewhat an objectionable fea-

ture, and a multiplication and a subtrac-

tion has to be made in order to obtain
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the result. Last, but not least, these

tables are, apparently, only accurate

when used with an instrument whose

constant is 0.43 meters.

As stated in the preceding discussion

(p. 11), the generally accepted formula

expressing the relation between the dis-

tance in a horizontal sight, the reading on

the rod, the distance of the stadia wires

apart, and the focal length of the object-

ive is

f
d=:j a + f . . . (3)

where d, a, I and /' represent these fact-

ors respectively.

This formula is derived from the con-

junction of the two equations :

d=^^a', . . . . (1)

and -+—-=>; . . . (2)
P P f '

p and jt> in (2) being considered as equal

to p and d in (1). p and d in (1), it will

be remembered, are the distances from

the center of the objective to the image
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and object respectively. But the general

formula for lenses, (2), is derived on the

supposition that p and p' are measured

from the exterior faces of the lens, and

therefore p and d m (1) are each greater,

by half the thickness of the lens, than p
and p' in (2). Further, this formula is

derived on the supposition that the ob-

ject glass of the telescope is a simple, bi-

convex lens, whereas, in fact, it is a com-

pound lens composed of a piano concave

and a biconvex lens. Now, though these

points may seem insignificant in them-

selves, they may greatly influence the

final result, as a difi'erence of only 1 in

the denominator of such a fraction as

-^

—

^ may alter the result by as much

as 500,000. Considerable thought and

time has, therefore, been given to the

consideration of the effect of these cor-

rections, and, as a result, it was found

that the formula (3) does not express the

true relation even within practical limits ;

and that if it were attempted to calculate

the distance, c?, by this formula, when
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tlie factors /*, ^ and a were given, a re-

sult would be obtained which would dif-

fer considerably from the real distance.

The inaccuracy lies in the expressioni

f
-. The one to be substituted for it is,

however, like it, a constant for each in-

strument ; and, as we determine the value

of this constant by actual trial and not

from a knowledge of the values of f and

I, the correction to be made will not af-

fect the practice.

Considering first the case of a tele-

scope with a simple, biconvex lens, the

optical center being, here, in the center

of the lens, d andjo, in equation (1), as

before stated, are measured from the

center of the lens, while, in equation (2),

p and p' are measured from the exterior

faces. If the thickness of the lens be-

taken as 2cc, then

p in equation (l)=ii:> in equation (2),.

minus x ; and

p' in equation (l)=d in equation (2),

minus x.
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Therefore, while (1) remains

d= -^a, orp~~d . (la)
J- \Afa

by substitution, (2), becomes,

I 1 1

/)— 93 d—X~f
I

Substituting d- for p in (2a)
(a/

1 1 1
X

(2a)

,1 d—X fd X '^

a

^\ d—x-hd x=-ld—x] Id a?.

I

—~~ (jj — — ~ (aj~'X ~ CvX -\—~^ X
f a f a f f

whence, — 2cc—% cc^= - d"^-

f f (^

Multiplying both sides by - -,
d T
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11
a'

11/^ 1 .\ 1 .,

«/V fit

Adding to both sides
^ squared,

4 af\fl
=(4')'-'-

/*«/ /«

^

Extracting the square root of both terms,

f a\ J I fa

_(HiW^)
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Therefore,

f 'If,.

or, d
21

This is the exact formula correspond-

ing to (3), for biconvex lenses. This can,

however, be considerably reduced with-

out materially affecting its value. With
B, telescope of the dimensions of that of

an ordinary engineer's transit, the term

:p {x^ + 2a!/) diminishes the result by about

J of an inch and, therefore, may be neg-

lected. Formula (3a), then becomes :

(I + ^)(^+/)
cl-.A

^i
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'lx-{-^f^a.ic + af

Tik e addition of x (half the thickness

of the object glass) would be inappreci-

able in the length of any ordinary sights

and may be omitted. The final expres-

sion becomes, then,

dJ^-^a+f . (3b)

This formula, it will be observed, dif-

fers from (3) in that the reading on the

rod {a), is multiplied b}^ x-\-f instead of

A The numerical difference between the

results is seen in the following examples:

Consider first the case with a one-foot,

reading on the rod, and let x=^ .18",.

/•=:9.00", and I=.08".*

Formula (3) becomes, then:

^^^ 12.00'' + 9.00"= 1359"r=113.25';;
.08

* These are very closely the dimensions in Heller &
Brightly's large Surveyor's Transit (5-inch needle), a&

kindly furnished me by Mr. Heller.
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Formula (3b) becomes-

.00"

+ 9.00"=1386= 115.50'

.0«"

Differences 2.25'

When the reading on the rod is 5 feei

(or 60") then, (3) becomes:

9 00"
r7=—_- 60.00''+ 9.00= 563.25';

«iid (3b) becomes:

^ .18''+ 9.00'' ^ ,^=
?T577

60.00'' + 9.00=574.50'

Difference =11.25'*

The above demonstration shows, then,

that, with a simple biconvex object glass,

the nsuallJ accepted formula expressing

the relation between the distance, the

reading on the rod, the distance of the

stadia wires apart, and the focal length

of the objective, is not accurate even

* As the difference is evidently proportional to the
length of sight, with a lOCO' sight it would amount to
22.5', etc.
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within the limits of accuracy of such

measurements. With the usual combi-

nation of lenses in objectives this error

would still remain. The derivation of a

formula similar to (3^), for such lenses,

would, however, be extremely difficult,

and would only hold for the special Ifens

in question. For, with such a combina-

tion of lenses, the optical center would

no longer remain in the center of the

lens, but would vary its position accord-

ing to the relative thicknesses of the two

glasses, their radii of curvature and their

indices of refraction ; and, after its posi-

tion had been determineu. by abstruse

calculation and refined experiment, its

distance from the two exterior faces of

the compound lens would be expressed

by tioo different values {x and x') instead

of two equal values {£) ; and this would
very much complicate further calcula-

tion.

It was seen that, in the newly deduced
formula, for biconvex objectives, like that

heretofore accepted, the factor by which
the reading on the rod is multiplied is a



constant for each instrument, and that

the practical method of adjusting the

instrument remains the same. The
question now arises, does this remain tha

case with a compound objective ?

In view of the dif&culty of demonstrat-

ing this mathematically it was decided to

make a j^ractical test of this point with a

carefully adjusted instrument. A dis-

tance of 500 feet was first measured off

on a level stretch of ground, and each 50

foot point accurately located. From one

end of this line three successive series of

stadia readings* were then taken from

the first 50 foot and each succeeding 100-

foot mark. The following table contains

the results

:

* The readingrs were taken from two targets, set so

that the sight should be horizontal and thus also pre-

venting any personal error or prejudice from affect-

ing the reading
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o
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!
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Multiplying the mean of these readings'

by 100, and subtracting the result from
the corresponding distance, we obtain^

the following table

:

CO r?
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The variations between the numbers

of the column of differences are slight,

the maximum from a mean value of 1.43

feet being only .21 feet. A study of the

tables will show that these variations have

no apparent relation to the length of the

sight ; in the maximum case, the variation

corresponds to a reading on the rod cf only

.0021 feet (an amount much within the

limits of accuracy of any ordinary sight).

'We are, therefore, perfectly justified in

concluding that these variations are acci-

xiental, and that the " difference " is, for

all practical purposes, a constant value.

"We thus see that with a telescope hav-

ing a compound, plano-convex objective,

whatever the formula may be expressing

ihe relation between d, /, x, etc., the

horizontal distance is equal to a constant

times the reading on the rod plus a con-

stant^ and may, as in the other cases, be

expressed by the equation,

* This may seem a statement of what was already a
-well-known fact. But, heretofore, it has been as-

sumed to be a direct deduction from opticalprinciples.
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The many advantages of stadia meas-

nrements in surveying need not be dwelt

upon here, both because attention has

been repeatedly called to them, and be-

cause they are self-evident to every engi-

neer. Neither will it be within the com-

pass of this article to describe the various

forms of rods and instruments, or the

conventionalities of stadia work.

A few precautions, necessary for accu-

rate work, should, however, be empha-

sized. First, as regards the special ad-

justments : care should be taken that in

settiDg the stadia wires* allowance be

and as, according to the preceding article, this is not

so clearly evident, it seemed necessary to redeter-

mine the point.

* This applies to an instrument with movable stadia

"Wires, and not to one with etched lines on glass. In the

latter case the graduation of the rod is the adjust-

able portion. It has been claimed as, an advantage

for etched lines on glass, that they are not affected by

variations of temperature while the distance between

stadia wires is. A series of tests which I made with

one of Heller & Brightly's transits, to determine this

point, showed no appreciable alteration in the space

between the wires, as measured on a rod 500 feet dis-

tant, with a range of temperature between that pro-

duced in the instrument by the sun of a hot summer's

day, and that produced by enveloping the telescope in

a bag of ice.
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made for the instrument constant, and

that the wires are so set that the reading,

at any distance, is less than the true dis-

tance by the amount of this constant.*

For accurate stadia work it is better to

take the reading for both distances and

elevations only at alternate stations and

then to take them from both back and

fore sights, in such a manner that the

vertical angle is always read from the

same position on each rod, which should

be the average height of the telescope at

the different stations.

Cases will, of course, occur where this

method *will be impracticable, and then

the mode of procedure must be left to the

judgment of the surveyor. If it be desired

to have the absolute elevation of the

ground under the instrument, the height

of the telescope at each station will have

to be measured by the rod, and the dif-

ference between this measurement and

the average height us^ed in sighting to

* This is assuming the measurements to be made
by the ordinary method, and not by the approximate

one of the U. S. Engineers.
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the rod either added or subtracted as the

case may be. This difference will ordi-

narily be so small, that in a great deal of

stadia work no reduction will be neces-

sary. In sighting to the rod for the

angle of depression or elevation, the cen-

ter horizontal wire must always be used*

By this means an exactly continuous line

is measured.

For theoretical exactness it is necessary

that the stadia wires should be equidis-

tant from the horizontal center wire, for,

if this be not the case, the distance read

is for an angle of elevation differing from

the true one by an amount proportional

to the displacement of the wires.

With reasonable care a high degree of

accuracy can be attained in stadia meas-

urements. The common errors of stadia

reading are unlike the common errors of

chaining, the gross ones (such as making

a difference of a whole hundred feet) be-

ing, in general, the only important ones,

and these are readily checked by double

readings. To facilitate the subtraction

of the reading of one cross hair from that
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t)f another, one should be put upon an

even foot mark, and in the check reading

the other one.

A general measure of the efficiency of

stadia measurements is furnished in the

professional papers of the Corps of Engi-

neers, U. S. A., for 1882, on the Primary

Triangulation of the Lake Survey, where

it is stated that, in computing coordin-

ates of stadia work for 1875, the average

amount of discrepancy in 141 lines, vary-

ing between 965 and 6,648 meters (mean

2,450 meters) when compared with lines

determined by triangulation or chaining,

was found to be 1 in 649. The maximum
limit of error is put at 1 in 300.

Mr. Benjamin Smith Lyman, who has

made extensive use of stadia work both

in this country and Japan, considers it

decidedly more accurate than ordinary

good chaining, if the gross errors be

carefully avoided.

The results of stadia survey which

have come to my notice fully support this

view. During the past summer I had

occasion to run a continuous stadia line
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between two points some twelve miles

apart. It was necessary that tlie position

of these points with reference to each

other should be determined as closely as

possible with the means at hand. In

consequence, the work was checked by
taking duplicate vernier and stadia read-

ings, and by taking a series of check

sights to prominent objects. The lati-

tudes and departures of this survey were

afterwards calculated out, and the check

angles computed and compared with

those observed. The results are shown

in the accompanying diagram and table.

From the results of the tests tabulated

on pp. 31, 32, Mr. Lyman has kindly fur-

nished me with the following deductions,

as an indication of the exactness of

stadia measurements.*

* I wish to take this opportunity to acknowledge

my indebtedness to Mr. Beajamln Smith Lyman, for

the kindly interest he has taken In the above discus-

sion, for his valuable suggestions, and for his assist-

ance in referring me to various sources for informar

tion.
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Taking the mean, 1.43, as exactly cor-

rect, -we see, then, that the total error of

the eighteen sights was only .06 feet, or

TTWo" ^^ t^^ whole distance measured,

4,650 feet, a precision (as it happens)

seven times greater than I suggested in

my paper for a telescope magnifying ten

times. But the mean of the errors

.000817 (or Y2^2 4), which, so far as the

insufficient number of eighteen sights can

show, would be the mean of the errors of

an infinite number of trials, would cor-

respond to a probable error for any one

of the number of trials (that is, in gene-

ral) of the same kind, of .00069, or
-j-rVo"*

This is within half the exactness I claimed

as possible for the stadia in my paper.

The difference may be due to several

causes that I neglected to consider, such

as a slight leaning of the rod forward o^

back, imperfect graduation of the rod,

imperfect cleanliness or transparency of

the glasses or of the air, imperfection in

the shape of the lenses, or in their adjust-

ments to one another, waviness from the

varying refraction of the air with the
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heat from the sun and the ground, inac-

urate focussing, inexact placing of the

center hair upon the center of the target

or graduation. This last difficulty might

be avoided by taking one edge of the up-

per or lower cross hairs, and by special

painting of the target for the center hair.

* * * But at any rate the superior

exactness of stadia measurement over

chaining is shown, so far as eighteen trials

could do it."

Tables of Horizontal Distances and

Differences of Level for Stadia

Measurements.

The formulse used in the computation

of the following tables, were those given

by Mr, Geo. J. Specht in an article on

Topographical Surveying, published in

Van Nostrand's Engineering Magazine for

February, 1880. These formulae furnish

expressions for horizontal distances and

differences of level for stadia measure-

ments with the conditions that the stadia

rod he held vertical, and the stadia wires
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be equidistant from the centre wire. They
are as follows

:

D— G cos ?i + ak cos hi.

^ Tx T . ak sin 2n.
(qj=i> tan 7i=c sm n-\

^
•

D= Horizontal distance.

Q= Difference of level.

c= the distance from the center of the

instrument to the center of the

. object glass, plus the focal length

of the object glass.

^=the focal length of the object glass

divided by the distance of the

stadia wires apart.

a=the reading on the stadia rod.

n=th.e vertical angle.

ak is the reading on the rod multiplied

by k, which is a constant for each

instrument (generally 100.) In the

tables the vertical columns consist

of two series of numbers for each

degree, which series represent

respectively the different values

„ , o ^ ak s'm 2?i „

oi ak cos ?^ and for
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every two minutes, when ak=100.

To obtain the horizontal distance

or the difference of level in any

case, the corresponding value of

c cos n or (? sin ^ must further be

added, and the mean of each Of

these expressions, for each degree

with 3 of the most common values

of <?, is given under each column.

As an example, let it bo required to

find the horizontal distance and the dif-

ference of level when, n=4-6° 18', ak=
570, and the instrument constant, c=.75.

In the column headed 6°, opposite 18' in

the series for " Hor. Dist„," we find 98.80

as the expression for a/c cos ^7i when ak

=100, therefore, when ^^=570.

aJc cos ''n=98.80x5.70r=563.16.

To this must be added c cos n, which

in this case is found in the subjoined col-

umn to be .75.

563.16 + .75=563.91, which is there-

quired horizontal distance.

In a similar manner,

10.91x5.70 +.08=62.27 is the re-
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quired difference of level. One multipli-

cation and one addition must be made in

each case.

It is to be noticed, that, with the

smaller angles, cos n maybe neglected in

the expression c cos ?^, and c sin n may
be entirely neglected without appreciable

error.

For values of c which differ from those

given, an approximate correction propor-

tional to the amount of difference may
very easily be made in these two expres»

sions.
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c= .75

C=1.00

0=1.25

Hor.
Dist.
100.00

99.99

99.98

Diff.

Elev.
.00

.06

.12

.17

.23

.29

.35

.41

.47

.52

.58

.64

.70

.76

.81

.87

.93

.99

1.05
1.11
1.16

1.22
1.28
1.34
1.40
1.45

1.51
1.57

99.97 1.63
•'

1.69
1.74

.75

1.00

1,25

.01

.01

.02

Hor.
Dist.
99.97

99.-96

99.95

99 94

99.93

99.92

99.91

99.90

99.89

99.88

.75

1.00

1.25

Diff.

Elev.
1.74
1.80
1.86
1.92
1.98
2.04

2. 09
2 15
2.21
2.27
2 33

2.38
2.44
2.50
2.56
2.62

2.67
2.73
2.79
2.85
2.91

2.97
3.02
3.08
3.14
3.20

3.26
3.31
3.37
3.43
3-49

.02

.03

.03

Hor.
Dist.
99.88
99.87

99.86

99.85
((

99 84
a

99.83

<(

99.82
((

99.81

99.80
((

99.79

99.78

99.77

99.76

99.75
99.74
u

99.73

.75

1.00

1.25

Diff.

Elev.
3.49
3.55
3.60
3.66
3.72
3.78

3.84
3.90
3.95
4.01
4.07

4.13
4.18
4.21
4.30
4.36

4.42
4.48
4.53
4.59
4.65

4.71
4.76
4.82
4.88
4.94

4.99
5.05
5.11
5.17
5.23

.03

.04

.05

Hor.
Dist.
99 73
99 72
99.71

((

99.70
99.69

99.68
a

99.67
99.66

99.65
99.64
99.63

99.62
a

99 61
99.60
99.59

99.58
99..57
99-56

99.55
99.54
99.53
99.52
99.51

.75

1.00

1.25

Diff.

Elev.
5.23
5.28
5.34
5.40
5.46
5.52

57
63^

69
,75

,80

5.86
5.92
5.98
6.04
6.09

6.15
6.21
6.27
6.33
6.38

6.44
6.50
6.5S
6.61
6.67

6.73
6.78
6.84
6.90
6.96

.05

.06

.08
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M.

0'....2
4
6
8
10

12
14
16.,...
18
20

22
24
26
28
30

32
34
36
38
40

42
44....
46
48
50

52
54
56
58... .

€0

c^ .75

C=1.00

C=1.25

Hor.
Dist.
99.51

99.50
99.49
99.48
99.47

99.46
a

99.45
yy.44
99.43

99.42
99.41
99.40
99.39
99.38

99.38
99.37
99.36
99.35
99.34

99.33
99.32
99.31
99.30
99.29

99.28
99.27
99.26
99.25

DifE.
Elev.
6.96
7.02
7.07
7.13
7.19
7.25

7-30
7.36
7.42
7.48
7.53

7.59
7.65
7.71
7.76
7.82

7.88
7.94
7.99
8.05
8.11

8.37
8.22
8.28
8.34
8.40

8.45
8.51
8.57
8.63

99.24
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M.

0'..

2....

4...,

6...
8...,

10...,

12...
14...,

16...
18...
20...,

22....
24...,
26....

28....
30. . .

.

34.

36.
38.

40.

42.

44.

46.

48.

50.

Hor.
Dist.
98.06
98.05
98.03
98.01
98.00
97.98

97.97
97.95
97.93
97.92
97.90

97.88
97.87
97.85
97.83
97.82

97.80
97.78
97.76
97.75
97.73

97.71
97.69
97.68
97.66
97.64

52 97.62
54 97.61
56 .

58..
60..

97.59
97.57
97.55

C= .75

C=1.00

C=1.25

.74

1.23

Diff.

Elev.
13.78
13.84
13.89
13.95
14.01
14.06

14.12
14.17
14.23
14.28
14.34

14.40
14.45
14.51
14.56
14.62

14.67
14.73
14.79
14.84
14.90

14.59
15 01
15.06
15.12
15.17

15.23
15.28
15.34
15.40
15.45

.11

.15

.18

Hor.
Dist.
97.55
97.53
97.52
97.50
97.48
97.46

97.44
97.43
97.41
97.39
97 37

97.35
97.33
97.31
97.29
97.28

97.26
97.24
97.22
97.20
97.18

97.16
97.14
97.12
97.10
97.08

97.06
97.04
97.02
97.00
96.98

.74

.99

1.23

Diff.

Elev.
15.45
15.51
15.56
15.62
15.67
15.73

15.78
15.84
15 89
15.95
16 00

16.06
16.11
16.17
16.22
16.28

16.33
16.39
16.44
16.50
16.55

16.61
16.66
16.72
16.77
16.83

16.88
16.94
16.99
17.05
17.10

.12

.16

.21

10
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20°

Hor.
Dist.
88.30
88.26
88 23
88.19
88.15
88.11

88.08
88.04
88.00
87.96
87.93

87.89
87.85
87.81
87.77
87.74

87.70
87.66
87.62
67.58
87.54

87.51
87.47
87.43
87.39
87.35

87.31
87.27
87 24
87.20
87.16

.70

.94

1.17

Diff.
Elev.
32.14
32.18
32.23
32.27
32.32
32. S6

32.41
32.45
32.49
32.54
32.58

32.63
3^.67
32.72
32.76
32.80

32.85
32.89
32.93
32.93
33.02

33.07
33.11
33.15
33.20
33.24

3.^.28

33.33
33.37
33.41
33.46

.26

.35

.44

21°

Hor.
Dist.
87.16
87.12
87.08
87.04
87.00
86.96

Diff.

Elev.
33.46
33.50
33.51
33.59
33.63
33.67

86.92
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NOTE BYTHE EDITOR OFVAN NOSTRAND'S

ENGINEERING MAGAZINE.

Aftee the foregoing essay had been published

in the Magazine, a criticism of the formula,

and of Mr. Winslow's estimate of its applica-

bility, was contributed by R. S. Woodward,

C. E., of the Naval Observatory, Washington.

The article appeared in the June No. of the

JIagazine, vol. 30, page 473.

The object of the writer is to show : "1st,

that although the formula for conjugate dis-

tances, as commonly understood, is inaccurate,

yet, if properly interpreted, this formula is not

only approximate but exact ; and, moreover,

applies equally without modification to any

combination of lenses as well as to a single bi-

convex lens ; 2d, that the ordinary formula for

the stadia instrument, if properly understood,

is exact whatever may be the number, kind, oi

disposition of the lenses in the telescope so

long as they are properly centered."

Although the criticism is of importance in its

bearing upon the optical principles involved, it

in no wise affects the value of the reduction

tables given above, nor the general principles

governing stadia practice as set forth by Mr.

Winslow.
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wood-cuts and plates of Roofs recently executed. 8vo,
cloth 200

, CHURCH (JOHN A.) Notes of a Metallurgical Journey
in Europe. 8vo, cloth 2 00

CLARK (D. KINNEAR, C.E.) A Manual of Rules,
Tables and Data for Mechanical Engineers. Illus-

trated with numerous diagrams. 1012 pages. 8vo,
cloth 5 00
Half morocco.... 7 50

Fuel ; its Combustion and Economy, consisting of
abridgments of Treatise on the Combustion of Coal.
By C.W.Williams; and the Economy of Fuel, by
T. S. Prideaux, With extensive additions in recent
practice in the Combustion and Economy of Fuel,
Coal, Coke, Wood, Peat, Petroleum, etc. lamo, cloth, i 50



SCIENTIFIC PUBLICATIONS.

CLARK (D. KINNEAR, C.E.) The Mechanical En-
gineer's Pocket Book of Tables, Formulae, Rules,
and Data. A Handy Book of Reference for Daily
Use in Engineering Practice. i6mo, morocco 3 oo

(JACOB M.) A new System of Laying Out Rail-
way Turn-oms instantly, by inspection from tables.

i2mo, leatherette i 00

CLEVENGER (S. R.) A Treatise on the Method of
Government Surveying as prescribed by the U. S.
Congress and Commissioner of the General Land
Office. i6mo, morocco 2 50

COLBURN (ZERAH). The Gas-Works of London.
lamo, boards 60

COLLINS (JAS. E.) The Private Book of Useful Alloys
and Memoranda for Goldsmiths, Jewellers, etc. i8mo,
cloth so

CORNWALL (Prof. H. B.) Manual of Blow-pipe An-
alysis, Qualitative and Quantitative, With a Com-
plete System of Descriptive Mineralogy. 8vo, cloth,

with many illustrations 2 50

CRAIG (B. F.) Weights and Measures. An account of
the Decimal .System, with Tables of Conversion for

Commercial and Scientific Uses. Square samo, limp
cloth 50

(Prof. THOMAS). Elements of the Mathematical
Theory of Fluid Motion. i6mo, cloth 125

GUMMING (LINN^US, M.A.) Electricity treated
Experimentally. For the use of Schools and Stu-
dents. New edition, lamo, cloth $i 50

DIXON (D. B.) The Machinist's and Steam Engineer's
Practical Calculator. A Compilation of Useful Rules
and Problems arithmetically solved, together with
General Information applicable to Shop-Tools, Mill-

Gearing, Pulleys and Shafts, Steam Boilers and En-
gines. Embracing valuable Tables and Instruction
in Screw cutting, Valve and Link Motion, etc. i6mo,
full morocco, pocket form 2 00

DODD (GEO.) Dictionary of Manufactures, Mining,
Machinery, and the Industrial Arts, izmo, cloth i 50



DORR (B. F ) The Surveyor's Guide and Pocket Table
Book. i8mo, morocco flaps. Second edition 200

DUBOIS (A. J.) The New Method of Graphic Statics.
With 60 illustrations. 8vo, cloth i 50

EDDY (Prof. H. T.) Researches in Graphical Statics.
Embracing New Constructions in Graphical Statics, a
New General Method in Graphical Statics, and the
Theory of Internal Stress in Graphical Statics. 8vo,
cloth I 50

Maximum Stresses under Concentrated Loads.
Treated graphically. Illustrated. 8vo, cloth i 50

EISSLER (M.) The Metallurgy of Gold; a Practical
Treatise on the Metallurgical Treatment of Gold-
Bearing Ores. 187 illustrations. i2mo, cl 5 00

The Metallurgy of Silver ; a Practical Treatise on
the Amalgamation, Roasting, and Lixiviation of
Silver Ores. 124 illustrations. i2mo, cloth 400

The Metallurgy of Argentiferous Lead ; a Practi-
cal Treatise on the Smelting of Silver Lead Ores and
the refining of Lead Bullion. With 183 illustrations.

8 vo, cloth 5 cxj

ELIOT (Prof. C. W.) and STORER (Prof. F. H.) A
Compendious Manual of Qualitative Chemical An-
alysis. Revised with the co-operation of the authors,
by Prof. William R. Nichols. Illustrated. t6th edi-
tion. Newly revised by Prof. W. B. Lindsay. i2mo,
cloth I 50

EVERETT (J. D.) Elementary Text-book of Physics.
Illustrated. i2mo, cloth 140

FANNING (J. T.) A Practical Treatise on Hydraulic
and Water-supply Engineering. Relating to the
Hydrology. Hydrodynamics, and Practical Construc-
tion of Water-works in North America. Illustrated.

8vo, cloth 500

FISKE (Lieut. BRADLEY A., U. S. N.) Electricity in

Theory and Practice ; or, The Elements of Electrical
Engineering. 8vo, cloth 2 50

FLEMING (Prof. A. J.) The Alternate Current Trans-
former in Theory and Practice. Vol. I.—The Induc-
tion of Electric Currents. Illustrated. 8vo, cloth 3 00
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FOLEY (NELSON), and THOS. PRAY, Jr. The Me-
chanical Engineers' Reference-book for Machine and
Boiler Construction, in two parts. Part I—General
Engineering Data. Part 2—Boiler Construction.
With fifty-one plates and numerous illustrations, •

specially drawn lor this work. Folio, half mor.. 25 00

FORNEY (MATTHIAS N.) Catechism of the Locomo-
tive. Revised and enlarged. 8vo, cloth. .. 350

I
FOSTER (Gen. J. G.. U. S. A.) Submarine Blasting in

Boston Harbor, Massachusetts. Removal of Tower
and Corwin Rocks. Illustrated with 7 plates. 4to,

cloth 3 50

FRANCIS (Jas. B., C.E.) Lowell Hydraulic Experi-
ments. Being a selection from experiments on Hy-
draulic Motors, on the Flow of Water over Weirs, in

open Canals of uniform rectangular section, and
through submerged Orifices and diverging Tubes.
Made at Lowell, Mass. Illustrated. 4to, cloth 1500

GERBER (NICHOLAS). Chemical and Physical An-
alysis of Milk, Condensed Milk, and Infant's Milk-
Food. 8vo, cloth ... 125

GILLMORE (Gen. Q. A.) Treatise on Limes. Hydraulic
Cements, and Mortars. With numerous illustrations.
8vo, cloth 4 CO

Practical Treatise on the Construction of Roads,
Streets, and Pavements. With 70 illustrations.
i2mo, cloth . . . . . 2 00

N Report on Strength of the Building-Stones in the

\
United States, etc. Illustrated. Svo, cloth 100

: GOODEVE(T. M.) A Text-book on the Steam-Engine
* With a Supplement on Gas-Engines. 143 illustrations.

\ i2nao, cloth . 2 00

I
GORE (G., F.R.S.) The Art of Electrolytic Separation

i of Metals, etc. (Theoretical and Practical.) lUus-
,' trated. Svo, cloth 3 50

/ GRAY (JOHN, B.Sc.) Electrical Influence Machines.
A full account of their historical development and
modern forms, with instructions for making them. 89
illustrations and 3 folding plates. lamo, cloth i 75

\ :
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GRIMSHAW (ROBERT, M.E.) The Steam Boiler.
Catechism. A Practical Book for Steam Engineers,
Firemen and Owners and Makers of Boilers of any
kind. Illustrated. Thick i8mo, cloth 200

GRIFFITHS (A. B., Ph.D.) A Treatise on Manures, or
\

the Philosophy of Manuring. A Practical Hand-book I

for the Agriculturist, Manufacturer, and Student.
I

i2mo, cloth 3 00

GRUNER (M. L.) The Manufacture of Steel. Trans- \

lated from the French, by Lenox Smith ; with an
appendix on the Bessemer process in the United States,

'

by the translator. Illustrated. 8vo, cloth 350

GURDEN (RICHARD LLOYD). Traverse Tables:
computed to 4 places Decimals for every ° of angle
up to 100 of Distance. For the use of Surveyors and
Engineers. New edition. Folio, half mor 7 50

HALSEY (F. A.) Slide-valve Gears, an Explanation of
the Action and Construction of Plain and Cut-off Slide
Valves. Illustrated. i2mo, cloth. Second edition., i 50

HALF-HOURS WITH MODERN SCIENTISTS. Lec-
tures and Essays. By Profs. Huxley, Barker, Stir-
ling, Cope, Tyndall, Wallace, Roscoe, Huggins,
Lockyer, Young, Mayer, and Reed. Being the Uni-
versity Series bound up. With a general introduction
by Noah Porter, President of Yale College. 2 vols.
izmo, cloth. Illustrated 2 50

HAMILTON (W. G.) Useful Information for Railway
Men. Tenth edition, revised and enlarged. 562
pages, pocket form. Morocco, gilt 2 00

HARRISON (W. B.) The Mechanics^ Tool Book. With
Practical Rules and Suggestions for use of Machin-
ists, Iron-Workers, and others. Illustrated with 44
engravings. i2mo, cloth 150

HASKINS (C. H.) The Galvanometer and its Uses. A
Manual for Electricians and Students. i2mo, cloth., i 50

HEAP (Major D. P., U. S. A.) Electrical Appliances of
the Present Day. Report of the Paris Electrical Ex-
position of 1881. 250 illustrations. 8vo, cloth. . 3 00
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HERRMANN (GUSTAV). The Graphical Statics of
Mechanism. A Guide for the Use of Machinists,
Architects, and Engineers ; and also a Text-book for
Technical Schools. Translated and annotated by
A. P. Smith, M.E. i2mo, cloth, 7 folding plates 2 00

HEWSON (WM.) Principles and Practice of Embanking
Lands from River Floods, as applied to the Levees of
the Mississippi. 8vo, cloth 2 00

HENRICI (OLAUS). Skeleton Structures, Applied to

the Building of Steel and Iron Bridges. Illustrated . . i 50

HOBBS (W. R. P.) The Arithmetic of Electrical Meas-
urements, with numerous examples. i2mo, cloth 50

HOLLEY (ALEXANDER L.) Railway Practice. Amer-
ican and European Railway practice in the Economi-
cal Generation of Steam, including the Materials and
Construction of Coal-burning Boilers, Combustion,
the Variable Blast, Vaporization, Circulation, Super-
heating, Supplying- and Heating Feed-water, etc.,

and the Adaptation of Wood and Coke-burning
Engines to Coal-burning; and in Permanent Way,
including Road-bed, Sleepers, Rails, Joint Fastenings,
Street Railways, etc. With 77 lithographed plates.

Folio, cloth 12 00

HOLMES (A. BROMLEY). The Electric Light Popu-
larly Explained. Fifth edition. Illustrated. i2mo,
paper. 40

HOWARD (C. R.) Earthwork Mensuration on the
Basis of the Prismoidal Formulae. Containing Sim-
ple and Labor-saving Method of obtaining Prismoidal
Contents directly from End Areas. Illustrated by
Examples and accompanied by Plain Rules for Practi-

j

cal Uses. Illustrated. 8vo, cloth, i 50

I

HUMBER (WILLIAM, C. E.) A Handy Book for the
Calculation of Strains in Girders, and Similar Struct-

I

ures, and their Strength ; Consisting of Formulae and
I

Corresponding Diagrams, with numerous details for
practical application, etc. Fourth edition, izmo,

j
cloth 2 50

BUTTON (W. S.) Steam-Boiler Construction. A Prac-
tical Hand-book for Engineers, Boiler Makers, and
Steam Users. With upwards of 300 illustrations.

8vo, cloth , . 7 cxj
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ISHERWOOD (B. F.) Engineering Precedents for

Steam Machinery. Arranged in the most practical

and useful manner for Engineers. With illustrations.

2Vols.ini. 8vo, cloth 2 50

JAMIESON (ANDREW, C.E.) A Text-book on Steam
and Steam-Engines. Illustrated. i2mo, cloth 300

Elementary Manual on Steam and the Steam-En-
gine. i2mo, cloth 1 40

JANNETTAZ (EDWARD). A Guide to the Determina-
tion of Rocks ; being an Introduction to I.ithology.

Translated from the French by Professor G. W.
Plympton. i2mo, cloth i 50

JONES (H. CHAPMAN). Text-book of Experimental
Organic Chemistry for Students. i8mo, cloth i 00

JOYNSON (F. H.) The Metals used in Construction.
Iron, Steel, Bessemer Metal, etc. Illustrated. i2mo,
cloth 75

Designing and Construction of Machine Gearing.
Illustrated. 8vo, cloth 2 00

KANSAS CITY BRIDGE (THE). With an Account of

the Regimen of the Missouri River and a Description
of the Methods used for Founding in that River. By
O. Chanute, Chief Engineer, and George Morrison,
Assistant Engineer. Illustrated v^^ith 5 lithographic

views and 12 plates of plans. 4to, cloth 6 00

KAPP (GISBERT, C.E.) Electric Transmission of
Energy and its Transformation, Subdivision, and Dis-
tribution. A Practical Hand-book. i2mo, cloth 300

KEMPE (H. R.) The Electrical Engineer's Pocket
Book of Modern Rules, Formulae, Tables, and Data.
Illustrated- 32mo, mor. gilt i 75

KING (W. H.) Lessons and Practical Notes on Steam.
The Steam-Engine, Propellers, etc., for Young Ma-
rine Engineers, Students, and others. Revised by
Chief Engineer J. W. King, United States Navy.
8vo, cloth 2 00

KIRKALDY (WM. G.) Illustrations of David Kir-
kaldy's System of Mechanical Testing, as Originated
and Carried On by him during a Quarter of a Century.
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Comprising a Large Selection of Tabulated Results,
showing the Strength and other Properties of Ma-
terials used in Construction, with Explanatory Text
and Historical Sketch. Numerous engravings and 25
lithographed plates. 4to, cloth 25 00

KIRKWOOD (JAS. P.) Report on the Filtration of
River Waters for the supply of Cities, as practised in
Europe. Illustrated by 30 double-plate engravings.
4to, cloth 1500

LARRAREE (C. S.) Cipher and Secret Letter and Tele-
graphic Code, with Hog's Improvements. i8mo,
cloth 60

LARDEN (W., M. A.) A School Course on Heat. i2mo,
half leather 2 00

LEITZE (ERNST). Modern Heliographic Processes.
A Manual of Instruction in the Art of Reproducing
Drawings, Engravings, etc., by the action of Light.
With 32 wood-cuts and ten specimens of Heliograms.
8vo, cloth. Second edition 300

LOCKWOOD (THOS. D.) Electricity, Magnetism, and
Electro-Telegraphy. A Practical Guide for Students,
Operators, and Inspectors. 8vo, cloth. Third edi-
tion 2 50

LODGE (OLIVER J.) Elementary Mechanics, includ-
ing Hydrostatics and Pneumatics. Revised edition.
i2mo, cloth I 20

LOCKE (ALFRED G. and CHARLES G.) A Practical
Treatise on the Manufacture of Sulphuric Acid.
With 77 Constructive Plates drawn to Scale Measure-
ments, nd other Illustrations. Royal 8vo, cloth .15 00

LOVELL (D. H.) Practical Switch Work. A Hand-
book for Track Foremen. Illustrated. i2mo,- cloth., i 50

LUNGE (GEO.) A Theoretical and Practical Treatise
on the Manufacture of Sulphuric Acid and Alkali with
the Collateral Branches. Vol. I. Sulphuric Acid.
Second edition, revised and enlarged. 342 Illustra-
tions. Svo., cloth 15 00

and HUNTER F.) The Alkali Maker's Pocket-
Book. Tables and Analytical Methods for Manufac-
turers of Sulphuric Acid, Nitric Acid, Soda, Potash
and Ammonia. Second edition. i2mo, cloth 300
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MACCORD (Prof. C. W.) A Practical Treatise on the
Slide-Valve by Eccentrics, examining by methods the
action of the Eccentric upon the Slide-Valve, and
explaining the practical processes of laying out the
movements, adapting the Valve for its various duties
in the Steam-Engine. Illustrated. 4to, cloth. 2 50

MAYER (Prof. A. M.) Lecture Notes on Physics. 8vo.
cloth 2 00

McCULLOCH (Prof. R. S.) Elementary Treatise on the
Mechanical Theory of Heat, and its application to Air
and Steam Engines. 8vo, cloth 3 50

MERRILL (Col. WM. E., U. S. A.) Iron Truss Bridges
for Railroads. The method of calculating strains in
Trusses, with a careful comparison of the most promi-
nent Trusses, in reference to economy in combination,
etc. Illustrated. 4to, cloth 500

METAL TURNING. By a Foreman Pattern Maker.
Illustrated virith 81 engravings. i2mo, cloth 150

MINIFIE (WM.) Mechanical Drawing. A Text-book of
Geometrical Drawing for the use of Mechanics and
Schools, in which the Definitions and Rules of Geom-
etry are familiarly explained ; the Practical Problems
are arranged from the most simple to the more com-
plex, and in their description technicalities are avoided
as much as possible. With illustrations for Drawing
Plans, Sections, and Elevations of Railways and Ma-
chinery ; an Introduction to Isometrical Drawing, and
an Essay on Linear Perspective and Shadows. Illus-
trated with over 200 diagrams engraved on steel.
With an appendix on the Theory and Application of
Colors. 8vo, cloth . 4 cx>

Geometrical Drawing. Abridged from the octavo
edition, for the use of schools. Illustrated with 48
steel plates. Ninth edition. i2mo, cloth 200

MODERN METEOROLOGY. A Series of Six Lectures,
delivered under the auspices of the Meteorological
Society in 1878. Illustrated, i2mo, cloth 150

MOONEY (WM.) The American Gas Engineers' and
Superintendents' Hand-book, consisting of Rules,
Reference Tables, and original matter pertaining to
the Manufacture, Manipulation, and Distribution of
Illuminating Gas. Illustrated. i2mo, morocco 300
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3

MOTT (H. A., Jun.) A Practical Treatise on Chemistry
(Qualitative and Quantitative Analysis), Stoichi-
ometry, Blow-pipe Analysis, Mineralogy, Assaying,
Pharmaceutical Preparations, Human Secretions,
Specific Gravities, Weights and Measures, etc. New
Edition, 1883. 650 pages. Svo, cloth 400

MULLIN (JOSEPH P., M.E.) Modern Moulding and
Pattern-making. A Practical Treatise upon Pattern-
Shop and Foundry Work: embracing the Moulding
of Pulleys, Spur Gears, Worm Gears, Balance-wheels,
Stationary Engine and Locomotive Cylinders, Globe
Valves, Tool Work, Mining Machinery, Screw Pro-
pellers, Pattern-shop Machinery, and the latest im-
provements in English and American Cupolas

;

together with a large collection of original and care-
fully selected Rules and Tables for every-day use in

the Drawing Office, Pattern-shop, and Foundry.
i2mo, cloth, illustrated 2 50

MUNRO (JOHN, C.E.) and JAMIESON (ANDREW,
C.E.) A Pocket-book of Electrical Rules and
Tables for the use of Electricians and Engineers.
Seventh edition, revised and enlarged. With numer-
ous diagrams. Pocket size. Leather 2 50

MURPHY (J. G., M.E.) Practical Mining. A Field
Manual for Mining Engineers. With Hints for In-
vestors in Mining Properties. i6mo, morocco tucks. . i 50

NAQUET (A.) Legal Chemistry. A Guide to the De-
tection of Poisons, Falsification of Writings, Adulter-
ation of Alimentary and Pharmaceutical Substances,
Analysis of Ashes, and examination of Hair, Coins,
Arms, and Stains, as applied to Chemical Jurispru-
dence, for the use of Chemists, Physicians, Lawyers.^
Pharmacists and Experts. Translated, with addi-
tions, including a list of books and memoirs on Toxi-
cology, etc., from the French, by J. P. Battershall,
Ph.D., with a preface by C. F. Chandler, Ph.D.,
M.D., LL.D. i2mo, cloth. 2 00

NEWALL (J. W.) Plain Practical Directions for Draw-
ing, Sizing and Cutting Bevel-Gears, showing how the
Teeth may be cut in a plain Milling Machine or Gear
Cutter so as to give them a correct shape, from end
to end: and showing how to get out all particulars for
the Workshop without making any Drawings. In-
cluding a full set of Tables of Reference. Folding
Plates, Svo., cloth 3 00
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NEWLANDS (JAMES). The Carpenter's and Joiners'
Assistant : being a Comprehensive Treatise on the

I
Selection, Preparation and Strengfth of Materials, and

I

the Mectianical Principles of Framing-, with their
application in Carpentry, Joinery, and Hand-Railing;

I
also, a Complete Treatise on Sines ; and an illustrated

I Glossary of Terms used in Architecture and Building.
Illustrated. Folio, half mor 15 00

NIBLETT (J. T.) Secondary Batteries. Illustrated,
i2mo, cloth I 50

NIPHER (FRANCIS E., AM) Theory of Magnetic
M< asurements, with an appendix on the Method of
Least Squares. i2mo, cloih i 00

NOAD (HENRY M.) The Students' Text-book of Elec-
tricity. A new edition, carefully revised. With an
Introduction and additional chapters by W. H.
Preece. With 471 illustrations. i2mo, cloth 400

NUGENT (E) Treatise on Optics; or, Light and Sight
theoretically and practically treated, with the appli-
cation to Fine Art and Industrial Pursuits. With 103
illustrations. i2mo. cloth i 50

PAGE (DAVID). The Earth's Crust, a Handy Outline
of Geology. i6mo, cloth 75

PARSONS (Jr.. W. B., C.E ) Track, a Complete Man-
ual of Maintenance of Way, according to the Latest
and Best Practice on Leading American Railroads.
Illustrated. 8vo. cloth 200

PEIRCE (B.) System of Analytic Mechanics. 410,

cloth ID 00

PHILLIPS (JOSHUA). Engineering Chemistry. A
Practical Treatise for the use of Analytical Chemists,

I
Engineers, Iron Masters, Iron Founders, students and

I others. Comprising methods of Analysis and Valu-
ation of the principal materials used in Engineering
works, with numerous Analyses. Examples and Sug-

I

gestions. 314 Illustrations. 8vo. cloth 400

I

PLANE TABLE (THE). Its Uses in Topographical
Surveying. Illustrated. 8vo, cloth 200

PLATTNRR. Manual of Qualitative and Quantitative
Analysis with the Blow-pipe. From the last German
edition, revised and enlarged, by Prof. Th. Richter.
of the Royal Saxon Mining Academy. Translated by



Prof. H. B. Cornwall, assisted by John H. Caswell.
Illustrated with 87 wood-cuts and one lithographic
plate. Fourth edition, revised. 560 pages. 8vo,
cloth 5 00

PLANTE (GASTON). The Storage of Electrical En-
ergy, and Researches in the Effects created by Cur-
rents, combining Quantity with High Tension.
Translated from the French by Paul B. Elwell. 89
illustrations. 8vo 4 00

PLYMPTON (Prof. GEO. W.) The Blow-pipe. A
Guide to its use in the Determination of Salts and
Minerals. Compiled from various sources. lamo,
cloth I 50

POOLE (JOSEPH). The Practical Telephone Hand-
book and Guide to the Telephonic Exchange. 227
illustrations. i2mo, cloth i 00

POPE (F. L.) Modern Practice of the Electric Tele-
graph. A Technical Hand-book for Electricians,
Managers and Operators. New edition, rewritten
and enlarged, and fully illustrated. 8vo, cloth i 50

PRAY (Jr., THOMAS). Twenty Years with the Indi-
cator ; being a Practical Text-book for the Engineer
or the Student, with no complex Formulae. Illustrated.
8vo, cloth — 2 50

PRACTICAL IRON-FOUNDING. By the author of
" Pattern Making-," etc., etc. Illustrated with over one
hundred engravings. i2mo, cloth -. i 50

PREECE (W. H.) and MAIER (J.) The Telephone.
Illustrations and Plates. lamo, cloth ..,.._ 4 00

PRESCOTT (Prof. A. B.) Organic Analysis. A Manual
of the Descriptive and Analytical Chemistry of certain
Carbon Compounds in Common Use ; a Guide in the
Qualitative and Quantitative Analysis of Organic
Materials in Commercial and Pharmaceutical Assays,
in the estimation of Impurities under Authorized
Standards, and in Forensic Examinations for Poisons,
with Directions for Elementary Organic Analysis.
8vo, cloth 500

Outlines of Proximate Organic Analysis, for the
Identification, Separation, and Quantitative Deter-
mination of the more commonly occurring Organic
Compounds. i2mo, cloth 175
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PRESCOTT (Prof. A. B.) First Book in Qualitative
Chemistry. Fifth edition. i2mo, cloth i 50

and OTIS COE JOHNSON. Qualitative Chemical
Analysis. A Guide in the Practical Study of Chem-
istry and in the work of Analysis. Revised edition
With Descriptive Chemistry extended throughout 3 50

PRITCHARD (O. G.) The Manufacture of Electric
Light Carbons. Illustrated. 8vo, paper 60

PULSIFER (W. H.) Notes for a History of Lead. 8vo,
cloth, gilt tops 4 00

PYNCHON (Prof. T. R.) Introduction to Chemical
Physics, designed for the use of Academies, Colleges,
and High Schools. 269 illustrations on wood. Crown
8vo, cloth 300

RANDALL (J. E.) A Practical Treatise on the Incan-
descent Lamp. Illustrated. i6mo, cloth 50

(P. M.) Quartz Operator's Hand-book. New edi-
tion, revised and enlarged, fully illustrated. i2mo,
cloth 200

RAFTER (GEO. W.) Sewage Disposal in the United
States. Illustrated. Cloth (In Press.)

RANKINE (W. J. MACQUORN, C.E., LL.D., F.R.S.)
Applied Mechanics. Comprising the Principles of
Statics and Cinematics, and Theory of Structures,
Mechanism, and Machines. With numerous dia-
grams. Thoroughly revised by W. J. Miliar. Crown
8vo, cloth 5 00

Civil Engineering. Comprising Engineering Sur-
veys, Earthwork, Foundations, Masonry. Carpentry,
Metal-work, Roads, Railways, Canals, Rivers. Water-
Works, Harbors, etc. With numerous tables and
illustrations. Thoroughly revised by W. J. Millar.
Crown Svo, cloth . . 6 50

Machinery and Millwork. Comprising the Geom-
try Motions, Work, Strength, Construction, and
Objects of Machines, etc. Illustrated with nearly 300
woodcuts. Thoroughly revised by W. J. Miller.
Crown Svo, cloth 500

The Steam-Engine and Other Prime Movers.
With diagram of the Mechanical Properties of Steam,
folding plates, numerous tables and illustrations.
Thoroughly revised by W. J. Millar. Crown Svo,
cloth 500
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RANKINE (W. J. MACQUORN, C.E., LL.D., F.R.S.)
Useful Rules and Tables for Engineers and Others.
With Appendix, tables, tests, and formula; for the use
of Electrical Engineers. Comprising Submarine
Electrical Engineering, Electric Lighting, and Trans-
mission of Power. By Andrew Jamieson, C.E.,
F.R.S.E. Thoroughly revised by W. J. Millar.
Crown 8vo, cloth 4 oo

' A Mechanical Text-book. By Prof. Macquorn
Rankine and E. F. Bamber, C.E. With numerous
illustrations. Crown, 8vo, cloth 3 50

REED'S ENGINEERS' HAND-BOOK, to the Local
Marine Board Examinations for Certificates of Com-
petency as First and Second Class Engineers. By
W. H. Thorn. Illustrated. 8vo, cloth 450

RICE (Prof. J. M.) and JOHNSON (Prof. W. W.) On a
New Method of obtaining the Differential of Func-
tions, with especial reference to the Newtonian Con-
ception of Rates or Velocities. i2mo, paper. 50

RIPPER (WILLIAM). A Course of Instruction in Ma-
chine Drawing and Design for Technical Schools and
Engineer Students. With 52 plates and numerous
explanatory engravings. Folio, cloth 7 50

^

ROEBLING (J. A.) Long and Short Span Railway
Bridges. Illustrated with large copperplate engrav-
ings of plans and views. Imperial folio, cloth 25 00

ROGERS (Prof. H. D.) The Geology of Pennsylvania.
A Government Survey, with a General View of the
Geology of the United States, essays on the Coal
Formation and its Fossils, and a description of the
Coal Fields of North America and Great Britain.
Illustrated with plates and engravings in the text. 3
vols. 4to, cloth, with portfolio of maps. 15 00

ROSE (JOSHUA, M.E ) The Pattern-makers' Assistant.
Embracing Lathe Work, Branch Work, Core Work,
Sweep Work, and Practical Gear Constructions, the
Preparation and Use of Tools, together with a large
collection of useful and valuable Tables. Sixth
edition. Illustrated with 250 engravings. 8vo, cloth. 3 50

Key to Engines and Engine-Runhing. A Practi-
cal Treatise upon the Management of Steam Engines
and Boilers, for the Use of Those who £>esire to Pass
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an Examination to Take Charge of an Engine or
Boiler. With numerous illustrations, and Instruc-
tions upon Engineers' Calculations, Indicators, Dia-
grams, Engine Adjustments, and other Valuable
Information necessary for Engineers and Fiiemen.
i2mo, cloth. 3 CO

SABINE (ROBERT). History and Progress of the
Electric Telegraph. With descriptions of some of
the apparatus. i2mo, cloth i 25

SAELTZER (ALEX.) Treatise on Acoustics in connec-
tion with Ventilation. i2mo, cloth 100

SALOMONS (Sir DAVID, M.A.) Electric Light Instal-
lations, and the managemert of Accumulators. New
edition, revised and enlarged, with numerous illustra-

tions. i2mo, cloth 150

SAUNNIER (CLAUDIUS). Watchmaker's Hand-book.
A Workshop Companion for those engaged in Watch-
making and allied Mechanical Arts. Translated by
J. Tripplin and E. Rigg. i2mo, cloth 350

SEATON (A. E.) A Manual of Marine Engineering,
Comprising the Designing, Construction, and Work-
ing of Marine Machinery. With nu:r.erous tables and
illustrations. loth edition. 8vo, cloth 500

SCHUMANN (F.) A Manual of Heating and Ventila-
tion in its Practical Application, for the use of Engi-
neers and Architects. Embracing a series of Tables
and Formulae for dimensions of heating, flow and

,

return pipes for steam and hot-water boilers, flues,

etc. i2mo, illustrated, full roan i 50

Formulas and Tables for Architects and Engineers
in calculating the strains and capacity of structures in

Iron and Wood. i2mo, morocco, tucks 150

SCRIBNER (J. M.) Engineers' and Mechanics' Com-
panion. Comprising United States Weights and
Measures. Mensuration of Superfices, and Solids,

Tables of Squares and Cubes, Square and Cube
Roots, Circumference and Areas of Circles, the Me-
chanical Powers, Centres of Gravity, Gravitation of

Bodies, Pendulums, Specific Gravity of Bodies,

Strength, Weight, and Crush of Materials, Water-
Wheels, Hydrostatics, Hydraulics, Statics, Centres of



Percussion and Gyration, Friction Heat, Tables of
the Weight of Metals. Scantling, etc. Steam and
the Steam-Engine. i6mo, full morocco i 50

SCHELLEN (Dr. H.) Magneto- Electric and Dynamo-
Electric Machines: their Construction and Practical
Application to Electric Lighting, and the Trans-
mission of Power. Translated from the third German
edition by N. S. Keith and Percy Neymann, Ph.D.
With very large additions and notes relating to
American Machines, by N. S. Keith. Vol. i, with
353 illustrations 5 00

SHIELDS (J. E.) Notes on Engineering Construction.
Embracing Discussions of the Principles involved,
and Descriptions of the Material employed in Tun-
nelling, Bridging, Canal and Road Building, etc.

i2mo, cloth I 50

SHREVE (S. H.) A Treatise on the Strength of Bridges
and Roofs. Comprising the determination of Alge-
braic formulas for strains in Horizontal, Inclined or
Rafter, Triangular, Bowstring, Lenticular, and other
Trusses, from fixed and moving loads, with practical
applications, and examples, for the use of Students
and Engineers. 87 woodcut illustrations. 8vo, cloth. 3 50

SHUNK (W. F.) The Field Engineer. A Handy Book
of Practice in the Survey, Location, and Truck work
of Railroads, containing a large collection of Rules
and Tables, original and selected, applicable to both
the Standard and Narrow Gauge, and prepared with
special reference to the wants of the young Engineer.
Ninth edition. Revised and Enlarged. i2mo, iiio-

rocco, tucks ... 2 50

SIMMS (F. W.) A Treatise on the Principles and Prac-
tice of Levelling. Showing its application to pur-
poses of Railway Engineering, and the Construction
of Roads, etc. Revised and corrected, with the addi-
tion of Mr. Laws' Practical Examples for setting out
Railway Curves. Illustrated. Svo, cloth 2 50

•i^— Practical Tunnelling. Explaining in detail Setting-
out of the Work, Shaft-sinking, Sub-excavating, Tim-
bering, etc., with; cost of work. Svo, cloth 7 SO
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SLATER (J. W.) Sewage Treatment, Purification, and
Utilization. A Practical Manual for the Use of Cor-
porations, Local Boards, Medical Officers of Health,
Inspectors of Nuisances, Chemists, Manufacturers,
Riparian Owners, Engineers, and Rate-payers. i2mo,
cloth 2 25

SMITH (ISAAC W., C.E.) The Theory of Deflections
and of Latitudes and Departures. With special
applications to Curvilinear Surveys, for Alignments
of Railway Tracks. Illustrated. i6mo, morocco,
tucks 3 00

(GUSTAVUS W.) Notes on Life Insurance. The-
oretical and Practical. Third edition. Revised and
enlarged. 8vo, cloth 200

STAHL (A. W.) and WOODS (A. T.)' Elementary
Mechanism. A Text-book for Students of Mechanical
Engineering. i2mo, cloth 200

STALEY (CADY) and PIERSON (GEO. S.) The Sep-
arate System of Sewerage : its Theory and Construc-
tion. 8vo, cloth. With maps, plates, and numerous
illustrations. 8vo, cloth 3 00

STEVENSON (DAVID, F.R.S.N.) The Principles and
Practice of Canal and River Engineering. Revised

by his sons David Alan Stevenson, B.Sc, F.R.S.E.,

and Charles Alexander Stevenson, B.Sc, F.R.S.E.,

Civil Engineer. 8vo, cloth .10 00

The Design and Construction of Harbors. A
Treatise on Maritime Engineering. 8vo, cloth 10 00

STILES (AMOS). Tables for Field Engineers. De- 1

signed for use in the field. Tables containing all the /

functions of a one degree curve, from which a corre-
;

sponding one can be found for any required degree. 1

Also, Tables of Natural Sines and Tangents. lamo, I

morocco, tucks 2 oe 1

STILLMAN (PAUL). Steam-Engine Indicator and the

Improved Manometer Steam and Vacuum Gauges;
their Utility and Application. lamo, flexible cloth. .. i 00

STONEY (B. D.) The Theory of Stresses in Girders and
Similar Structures. With observations on the appli-

cation of Theory to Practice, and Tables of Strength,

and other properties of Materials. Bvo, cloth la 30
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^ STUART (B.) How to become a Successful Engineer.
Being Hints to Youths intending to adopt the Pro-
fession. Sixth edition. lamo, boards 50

(C. B.) C.E. Lives and Works of Civil and Mili-
tary Engineers of America. With 10 steel-plate
engravings. 8vo. cloth 5 00

SWEET (S. H.) Special Report on Coal, showing its

Distribution, Classification, and Costs delivered over
different routes to various points in the State of New
York and the principal cities on the Atlantic Coast.

/ With maps. 8vo, cloth 300
SWINTON (ALAN A. CAMPBELL). The Elementary

Principle of Electric Lighting. Illustrated. i2mo,
cloth 60

SWINBURNE (J.) Practical Electrical Measurement.
With 55 illustrations. 8vo, cloth i 75

TEMPLETON (WM.) The Practical Mechanic's Work-
shop Companion. Comprising a great variety of the
most useful rules and formulse in Mechanical Science,
with numerous tables of practical data and calculated
results facilitating mechanical operations. Revised
and enlarged by W. S. Hutton. lamo, morocco 2 00

THOMPSON (EDWARD P.) How to make Inventions;
or, Inventing as a Science and an Art. A Practical
Guide for Inventors. 8vo, paper 100

TONER (J. M.) Dictionary of Elevations and Climatic
Register of the United States. 8vo, cloth 3 75

TREVERT (E.) Electricity and its Recent Applications.
A Practical Treatise for Students and Amateurs, with
an Illustrated Dictionary of Electrical Terms and
Phrases. Illustrated, ismo, cloth ...,,..,-. 200

TUCKER (Dr. J. H.) A Manual of Sugar Analysis, in-

cluding the Applications in General of Analytical
Methods to the Sugar Industrv. With an Introduc-
tion on the Chemistry of Cane Sugar, Dextrose, Lev-
ulose, and Milk Sugar. 8vo, cloth, illustrated 350 ;

rUMLIRZ (Dr. O.) Potential and its Application to

the Explanation of Electric Phenomena, Popularly
Treated. Translated from the German by D, Robert-
son. 111. i2mo, cloth 125

*rUNNER (P. A.) Treatise on Roll-Turning for the
Manufacture of Iron. Translated and adapted by
John B. Pearse, of the Pennsylvania Steel Works,
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with numerous engravings, woodcuts. 8vo, cloth,

with folio atlas of plates lo oo

URQUHART (J. W.) Electric Light Fitting. Embody-
ing Practical Notes on Installation Management. A
Hand-book for Working Electrical Engineers—with
numerous illustrations. lamo, cloth 2 oo

Electro-Plating. A Practical Handbook on the
Deposition of Copper, Silver, Nickel, Gold, Brass,
Aluminium, Platinum, etc. i2mo 200

Electro-Typing. A Practical Manual, forming a
New and Systematic Guide to the Reproduction and
Multiplication of Printing Surfaces, etc. i2mo 2 00

Dynamo Construction : a Practical Hand-book for

the Use of Engineer Constructors and Electricians in

Charge, embracing Framework Building, Field Mag-
net and Armature Winding and Grouping, Com-
pounding, etc., with Examples of Leading EngHsh,
American, and Continental Dynamos and Motors,
with numerous illustrations. i2mo, cloth 3 00

UNIVERSAL 'The) TELEGRAPH CIPHER CODE.
Arranged fo: General Correspondence. i2mo, cloth., i 00

VAN WAGENEN (T. F.) Manual of Hydraulic Mining.
For the Use of the Practical Miner. i8mo, cloth i 00

WALKER (W. H.) Screw Propulsion. Notes on Screw
Propulsion, its Rise and History. 8vo, cloth 75

(SYDNEY F.) Electrical Engineering in Our
Homes and Workshops. A Practical Treatise on
Auxiliary Electrical Apparatus. With numerous
illustrations 15°

WANKLYN (J. A.) A Practical Treatise on the Exam-
* ination of Milk and its Derivatives, Cream, Butter,

and Cheese. i2mo, cloth i oa

' Water Analysis. A Practical Treatise on the Ex-
amination of Potable Water. Seventh edition. i2mo,
cloth 200

IVARD G- H.) Steam for the Million. A Popular
Treatise on Steam, and its application to the Useful
Arts, especially to Navigation. 8vo, cloth i 00

IVARING (GEO. E., Jr.) Sewerage and Land Drainage.
Large Quarto. Illustrated with wood-cuts in the text,

and full-page and folding plates. Cloth 6 00



WATT (ALEXANDER). Electro-Deposition. A Prac-
tical Treatise on the Electrolysis of Gold, Silver,

Copper, Nickel, and other Metals, with Descriptions
of Voltaic Batteries, Magneto and Dynamo-Electric
Machines, Thermopiles, and of the Materials and
Processes used in every Department of the Art, and
several chapters on Electro-Metallurgy. With num-
erous illustrations. Third edition, revised and. cor-
rected. Crown 8vo, 568 pages 3 50

Electro-Metallurgy Practically Treated. i2mo,
cloth I CO

WEALE (JOHN). A Dictionary of Terms Used in
Architecture- Building, Engineering, Mining, Metal-
lurgy, ArchKology, the Fine Arts, etc., with explana-
tory observations connected with applied Science
and Art. izmo, cloth a 50

WEBB (HERBERT LAWS). A Practical Guide to the
Testing of Insulated Wires and Cables. Illustrated.
i2mo, cloth I 00

WEISBACH (JULIUS). A Manual of Theoretical Me-
chanics. Translated from the fourth augmented and
improved German edition, with an Introduction to
the Calculus by Eckley B. Coxe, A.M., Mining Engi-
neer. HOC pages, and 902 woodcut illustrations.
8vo, cloth .., 10 00
Sheep...' IX 00

\ArEYRAUCH (J. J.) Strength and Calculations of Di-
mensions of Iron and Steel Construction, with refer-
ence to the Latest Experiments. lamo, cloth, plates., z oo

WHIPPLE (S., C.E.) An Elementary and Practical
Treatise on Bridge Building. Svo, cloth 4 00

WILLIAMSON (R. S.) On the Use of the Barometer on
Surveys and Reconnoissances. Part I. Meteorology
in its Connection with Hypsometry. Part II.

Barometric Hypsometry. With Illustrative tables
and engravings. 4to, cloth 1500

Practical Tables in Meteorology and Hypsometry,
in connection with the use of tne Barometer. 4to,
cloth 3 50

WRIGHT (T. W., Prof.) A Treatise on the Adjustment
of Observations. With applications to Geodetic
Work, and other Measures of Precision. Svo, cloth. . . 4 00—— A Text-book of Mechanics for Colleges and Tech-
nical Schools. i2mo, cloth ....350
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