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THE CAMERON STEAM-FIM

AN SEG{'I;,ONAL VIEW.

The principle of opersitiony of w1l Single direct-acting steam-%umpe, is the
use of an auxiliary piscon or plunger yvorking in the steam-chest to drive
the main slide-valve. - The @*)xilmr&giswn or plunger is driven backward
and forward by tke piesslre of tie efean, carrying with it the main valve,
which in turn giyes stesradofBe ith piston which operates the pump. In
THE_CAMERON DIRECT-ACTING PuMPseshe reversing of the auxiliary piston
or plunger is accomplished by the use of two small valves only, and the
entire valve mechanism consists of but four strong £iwes all wori{ing in a
direct’line with the main piston, thus making it the most simple, conse-
quexgly the most durable of all the direct-acting steam-pump valve-move-
ments.

OPERATION.—8team is admitted to the st hest, and through small holes
in the ends of the i)lun er F, fills the spaces at the ends and the ports E E as far as the
reversing valves I1. ith the plunger F aud slide-valve G in position to the right,
(as shown in cut), steam would admitted to tbe right-hand end of the steam-cylin-
der A, and the piston C would be moved to the left. When it reaches the reversin,
valve I, it opens it and exhausts the space at the left-hand end of the plunger F,
through the passage E; @ expansion of steam at the right-hand end changes the

ition of the plunger F, and with it the slide-valve G, and the motion of the piston C
18 instantly reversed. The same operation repeated makes the motion continuous. In
its movement the plun%:r F acts as a slide-valve to shut off the ports E E, and is cush-
ioned on_the confined steam between the ports and steam-chest cover. The reversing-
valves I I are closed immediately the piston C leaves them, by a pressure of steam on
their outer ends, conveyed direct from the steam-chest.
DIRECTIONS.

When & pump {s first connected, remove the bonnets K K and valves 11
and blow steam through to remove any dirt or chips that may have lod,
in the pipes; then clean and replace them.

Full information to the engineer sent with each pump.

For illustrated catalogue address,

THE A. 8. CAMERON STEAM-PUMP WORKS,

FOOT OF E_'A'S'l' 23D STREET, NEW YORK.
X1l
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THE CoLLIERY ENGINEER PockET-Book is a new edition
of the Mine-Foreman’s Pocket-Book, enlarged and im-
proved, so as to meet the requirements of mining engineers,
mine officials, and mining students, for a convenient book of
reference.

In its preparation we have kept in mind the fact that the
majority of mine officials are men whose educational advan-
tages were exceedingly limited, and therefore we have
endeavored to make the work simple and plain. It is at
the same time so complete in every department that it will
be found valuable and useful by mining engineers and mine
officers.

The book will answer »- Joub!e pu:.pose {1)- It is a text-
book for the use of mming students and ,especlally for the
use of those who are endeavonﬂg- Yo prepare themselves for
government examinations. (2) It is’a book of reference for
all classes of mine officials, anxt mfning Pngmders

To make the volume of a convenient size, and at the same
time have it contain a large amount of matter, it was neces-
sary to use a smaller size of type than would have been used
if a larger-sized book had been made. However, new and
clear-faced type has been used, and the convenient size of
the volume will be appreciated more than larger-sized type.

We desire to extend our thanks to the numerous friends
whose suggestions and data were so generously furnished to
asgist us in compiling the work. We also desire to acknowl-
edge our indebtedness to the authors from whose publica-
tions we have copied extracts, all of whom are credited in
the body of the book.

We will be greatly obliged to all readers and users of
this volume, who will kindly call our attention to the
omission of any data that they may have felt the want of,
80 that it may be inserted in future editions.
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ARITHMETIC.

COMMON FRACTIONS.

The numerator of a fraction is the number that tells how many parts of a
whole are taken. Thus, 2is the numerator of 3¢, as it shows that two of the
three parts into which the whole is divided are taken.

The denominator of a fraction is the number that shows into how many
parts the whole is divided. Thus, in the fraction 24, the 3 is the denominator.

A common denominator is a denominator common to two or more fractions.
Thus, £ and 34 have common denominators ; and again, 12 is a common de-
g)mirhawr for 4, Y4, %4, and 4, as they each are respectfvely equal to g, 1,

, and .

To add common fractions.—If of the same denominator, add together the
numerators onlg‘ Thus, & + & + 15 = -

If they have different denominators, change them to fractions with common
denominators, and then proceed as above.

ExAMPLE.—What is thesum of § +} + §?
}=4%1=135and } = }3.
28 + 33 + 13 = §5.—Ans.

To multiply common fractions.—Multiply the numerators together for the
numerator, and the denominators for the denominator. Thus } X 4 X 3=

, OF g,

"'To d]‘,vlde common fractions.—Invert the divisor, and multiply.

ExaMPLE.~—Divide g by §.

o X § = y—Ana.

To reduce compound fractions to simple fractions.—Multiply the integer
by the denominator of the fraction, and add the numerator for the new
numerator, and place it over the denominator.

ExamMPLE.—Reduce 524 to a simple fraction.

6 X 3 + 2 = 17, or the numerator, and the fraction is therefore 37.

To reduce simple fractions to compound fractions.—Divide the numerator
by the denominator, and use the remainder as the numerator of the remain-,
ing fraction.

ExAMPLE.—Reduce 9 to a compound fraction.

9)243(7

1
Therefore the compound fraction is 73.

To reduce common_fractions to decimal fractions.—Annex ciphers to the
numerator, and divide by the denominator, and point off as many decimal-
places in the quotient as there are ciphers used. s

ExaMPLE.—Reduce % to a decimal fraction.
16)%'3000('5625.—47”.

Norx.—Ciphers annexed to a decimal do not increase fts
value. 113 is the same as 1-1300. Every cipher placed
between the first figure of a decimal and th¢ decimal-point
divides the decimal by 10. Thus,

‘18 +-10=-013

L
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DECIMALS.

Decimal fractions are fractions that have for their denominators 10 or a
power of 10, a8 hundredths, thousandths, etc.

TABLE OF FRACTIONS REDUCED TO DECIMALS.

& 015625 p¥4 *265625 31 *515625 42 765625
o *03125 . 28125 i3 *53125 L 78125
& 046875 32 -296875 P13 546875 |31 796875
s *0625 L 3125 . *5625 11 -8125

& -078125 328125 3 -578125 33 -828125
X *09375 i ‘34375 Y] *59375 11 *84375
& *109375 3 *359375 32 *609375 113 *859375
1y ‘125 % 375 . 5% 625 % -875

& *140625 32 *390625 4 *640625 3 -890625
5 15625 33 *40625 1Y 65625 8B 9625
3 ‘171875 14 *421875 EY] 671875 52 *921875
a ‘1875 LA 4375 1 6875 i3 *9375

bt -203125 32 453125 4 *703125 1! *953125
LA *21875 18 46875 13 71875 3 -96875
32 234375 2 *484375 ‘4 734375 [F] *984375
% 25 1% 5 3% 75 1 10000

To add decimals.—Place the numbers in a column with whole numbers
under whole numbers, tenths under tenths, hundredths under hundredths, ete.,
and proceed as in simple addition, placing the decimal-point in the sum
directly under the points above, Thus,

0075
*63
106

17°9342

19°6317

To subtract decimals,—Arrange the figures as in addition, and proceed as in
simple subtraction. Thus, -
5°96978
328694
2°68284

To multiply decimals.—Proceed as in simple multiplication, pointing off as
many decimal-places in the result as there are decimal-places in both multi-
plicand and multiplier. Thus, '

X 4'6760355

1402593
2337655
024779143
To divide decimals.—Proceed as in simple division, and point off as magg

decimal-placesin the quotient as the number of decimal-places in the divide
exceeds those in the divisor.
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ExXAMPLES.—Divide 4756 by 8'3.
3-3)3;5600(1 *4412.~Ana.

145
132
136
12
40
70
6
4

Divide ‘006 by 20.
20)°0080( 0003.— An.

SIMPLE PROPORTION, OR SINGLE RULE OF THREE.

A proportion is an ex{ln-esslon of equality between equal ratios; thus, the
ratio of 10 to 5 = the ratio of 4 to 2, and is expressed thus:
10:5:4:2

There are four terms in %roportion. The first and last are the extremes, and
the second and third are the meanas.

Quantities are in proportion by alternation when antecedent is compared
a’lith {lontgfedesnt 2a.n consequent with consequent. Thus, if10:5 = 4': 2,

en N H T2

Quantities are in proportion by inrersion when the antecedents are made
gonﬁque;ts‘;and the consequents antecedents, Thus, if10:5 :: 4 : 2, then

In a'l'ly p.ro'ﬁonion the uct of the means will egual the product of the
extremes. Thus. if10 : 5 :: 4 : 2, thenb X 4 =10 X 2,

A mean ,l;:roportional between two quantities equals the square root of their
product. Thus, a mean proportional between 12 and 3 = the square root of
g )<63, 01"; 36.3 Therefore the mean proportional is 6, and the equation stands

If the two means and one extreme of & roportion are given, we find the
other extreme by dividing the product of the means by the given extreme.
Thus, 10 : 5 :: 4 : (), then (4 X 5) =+ 10 = 2, and the proportion is 10:5::4: 2.

If the two extremes and one mean are given, we find the other mean by
dividing the product of the extremes by the given mean. Thus, 10: () :: 4:2,
then (10 X 2) + 4 = 5, and the proportion is10 : 5 = 4 : 2.

EXAMPLES IN SIMPLE PROPORTION.

If 6 men load 30 wagons of coal in a day. how many wagons will 10 men
load ? (They will evidently load more, so the second term of the proportion
must be greater than the first.)

Ans.—6 : 10 :: 30 : (): then (10 X 30) + 6 = 50.

If 4 men do a certain piece of work in 12 hours, in what time will 6 men do
it? (They will evidently do it in less time, so the second term of the propor-
tion must be less than the first.)

Ans.—6 : 4 :: 12 : (); then (4 X 12) + 6 =8 hrs,

COMPOUND PROPORTION, OR DOUBLE RULE OF THREE.
PRINCIPLES.

1. The product of the simple ratios of the first couplet = the product of
the simple ratios of the second couplet. Thus,

4:12) , §5:10) _ 457 _ 5.6
{Fill} s BB =i %1 :
2. The product of all the terms in the extremes = the product of all th

terms in the means. Thus, in

{;}f [ = {518} wehave, 4 X 7X 10X 18 =12 X 14X 56X 6. -
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3._Any term in either extreme = the product of the means divided by the
roduct of the other terms in the extremes, Thus, in the same proportion we

ave 5% 6% 12X 14
TX 10X 18

4. Any term in either mean = the product of the extremes divided by the
product of the other terms in the means. Thus, in

{4:12 ..{5:10
T:14§"16:18
we have, 5 = (4 X 7 X 10 X 18) + (6 X 12 X 14).

RULE.—1. Put the required quantity for the first term and the similar
known quantity for the second term, and form ratios with each pair of
similar quantities for the second couplet, as if the result depended on
each pawr and the second term.

II. Find the required term by dividing the product of the means
by the product of the fourth terms. ,
u%);m;m.—lf 4 men can earn $24 in 7 days, how much can 14 men earn in

ys?
The sum : $24 :: { %é . ‘; } or, The sum = %2%[;—1?—1-2 = 8$144.—Ans.

If 12 men in 85 days build a wall 140 rods long, 6 ft. high, how many men
can, in 40 days, build a wall of the same thickness 144 rods long, 5 ft. high ?

(12}, {10:14) 12X 40X 1406
3:40) " L6 : b 85 X 144 X b

INVOLUTION.

‘l;o >gq4|n|'el75 number.—Multiply the number by itself. Thus, the square of 4
= , or 16.

To cube a number.—Multiply the square of the number by the number.
Thus, the cube of 4 = 16 X 4 = 64.

To find the fourth power of 8 number.—Multiply the cube by the number.
Thus, the fourth power of 4 = 64 X 4 = 256.

To raise a number to the sixth power.—Square its cube.

To raise & number to the twelfth power.—Square its sixth power.

(See table oflogarithms for a shorter method.)

4 =

= 9.—Ans.

EVOLUTION.

To find the square root of a number.—

RULE.—1. Separate the given number into periods of two figures each,
beginning at the units place.

11, Find the greatest number whose square is contained in the period
on the left; this will be the first figure vn the root. Subtract the square
of this figure from the period on the left, and to the remainder annex
the next period to form a dividend.

III. Divide this dividend, omitting the figure on the right, by double
the part of the root already found, and annex the quotient to that part,
amip also to the divisor ; then multiply the divisor thus completed by the
figure of the root last obtained, and subtract the product from the dividend.

IV. If there are more periods to be brought down, continue the oper-

ation as before. ]
ExaMpLE—Find the square root of 874225. 87,42,25(935.—ma.

OPERATION. “642
9 2= 18. 18 into 64 goes 3 times, hence 549
new divisor — 183. 98 X 2 = 186. 186 into 932 %%
goes 5 times, hence new divisor = 1865. 9325

(See table of logarithms for shorter method.)

The square root of a fraction is found bg‘ extracting the square root of the
numerator and denominator separately. Thus, the square root of & = 84.
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To find the cube root of a number.—

RuULE.—1. Separate the given number into periods of three figures each,
beginning at the units place.

II. Find the greatest number whose cube 18 contained in the period
on the left,; this will be the first figure in the root. Subtract the cube
of this figure from the period on the left, and to the remainder annex
the next period to form a dividend. .

II1. Divide this dividend by the partial divisor, which is 8 times the

uare of the root already found, considered as tens; the quotient 1s
the second figure of the root.

IV. To the partial divisor add 8 times the product of the second
Jfigure of the root by the first considered as tens, also the square of the
8€C0: re,; the result will be the complete divisor. .

V. Multipiy the complete divisor by the second figure of the root, and
subtract_the product from the dividend.

VI. If there are more periods to be brought down, proceed as before,
using the part of the root already found, the same as the first figure in
the previous process. .

ExAMPLE.—Find the cube root of 12812904.

OPERATION,
pr _ 138129042 —dn.

1st partial divisor, 3 X 202= 1200 | 4812
3X20X3= 18
3= 9| 4167
18t complete divisor, 1389 | 645904

2d partial divisor, 3 X 230%= 158700
- 3 2760

X230 X4 =
42= 16 | 645904
2d complete divisor 161476

The cube root of a fraction is found by extracting the cube root of the
numerator and denominator separately. Thus, the cube root of 3} = 34.

(See table of logarithms for shorter method.)

PERCENTAGE.

5’Pe\'gent.nl%g m&ans by oron the hundred. Thus, 15 =1 on 100, 3% = 3 on 100,
= 5 on 100, ete.

To find the percentage, having the rate and the base.—Multiply the base by
the rate expressed in hundredt! Thus, 6% of 1930 is found thus:

1930
L
116.80
To find the amount, having the base and rate.—Multiply the base by 1 plus
;.ggo {)atel oghu's, to find the amount of $1930 for one year at 6%, we multiply
y 1.
$1930 % 1.06 — $2,045.80 .
To find the base, having the rate and the percentage.—Divide the percentage
the rate to find the base. Thus, if the rate is 64 and the percentage is115.80,
the base = 115.80 - .06 = 1930.
To find the rate, having the percentage and the base.—Divide the percentage
by the base. Thus, if the percentage is 115.80 and the basc 1930 the rate
equals 115.80 -+ 1930 = 06, or 6%.
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the areas of the two triangles, and the sum will equal the area of the trapez-
jum. The sides and angles can be found in the same manner. |
To find the area of a trapezium,—If the diagonals and the perpendiculars
from them to the opposite angles are given, add uﬁether the two perpen-
diculars, multiply the sum by the diagonal, and divide by 2.
ﬂ’lglte smln of the four angles included in a trapezium always equals four
ght angles.

POLYGONS.
All figures bounded by more than four straight lines are called polygons.

LOOROR®

Pentagon. Hexagon. Heptagon. Octagon.
If all the sides and angles are equal it is a regular polygon. Ifnot, it is an
irr’lggular polygon.
e

sum of the interior angles of any polygon are e‘}ua.l to twice as many
right angles as the polygon has sides less four right angles.

TABLE OF REGULAR POLYGONS WHOSE SIDES ARE UNITY.

Number Angles Contained| Augle as Ceater
of Name of Polygon. Arcas,  |Outer Radii. between .

Sides. Two Sides. Circla. .
3 4330 5774 60° 120° s
4 10000 7071 90° 90° g
5 17205 ‘8307 | 108° 720 v
6 25981 1°0000 | 120° 600 . V¥
7 36339 | 11524 | 1289 34717+ 5I° 2P 4

8 48284 1'3066 | 1359 450

9 6°1818 1'4619 | 140° 400
10 76942 16180 | 144° 86° e
11 9°3656 17747 | 147916’ 22—"| 820 43" 8B4
12  |Dodecagon ...... 111962 1°9319 | 150° 80° o

To find the area of any regular poly]gon. uare one |of its sides and multi-

ly by the number given in the column of areas above. Or, multiply the
})engtﬁ of one of the sides by one half the length of a perpendicular drawn to
the center of the figure, and this product by the number of sides.

Having the side of a regular polygon, to find the radius of a circumscribing
clfrele.— l‘xlltiply the side by the corresponding number in foregoing column
of outer radii.

If you have the radius of the circumseribing circle, divide it by the number
in column of outer radii, and the quotient will be the side of the ]l)oly .

To find the area of an irregular polygon.—Divide it into triangles, find the
?ﬁen. oti each triangle, and add them together. The sum will be the area of

e polygon.

To nmﬁ)he area of a ﬁﬁure whose outlines are very irregular.—Draw straight
lines around it that will inclose within them (as nearly as can be fudged)
a8 much space not belonging to the figure as they exclude space belonging
to it. The area of the figure thus formed may be easily found by divis
into triangles.

CIRCLES.

See Tuable of Areas of Circles, ete.
A circle is a figure bounded by a curved line, every point
of which is equidistant from the center. Or, a circle isa
ar polygon of an infinite number of sides.
he circumference of a circle equals the diameter mul-
tiplied by 3-1416. or the square root of the product of the
area multiplied by 12:566.
To find the diameter.—Divide the circumference by 3-1416
or multiply it by -31831, .



COLLIERY ENGINEER POCKET-BOOK. 9

To find the ares of & cirele.—Multiply the circumference by one-fourth of
the diameter, or the square of the radius by 3:1416.

Mu%’dp{y";%e square of the diameter by ‘7854, or the square of the circumfer-
ence by - .

To find the diameter ofa circle equal in area to a given square.—Multiply
one side of the square by 1°12838.

_To find the radius of a circle to circumscribe a given square.—Multiply one

gide by *7071; or take one-half the diagonal.

To find the side of a square equal in area to a given circle.—Multiply the
diameter b'}.' *88623.

To find the side of the greatest square in a given circle.—Multiply the diam-

eter t;{ *7071.

To find the area of the greatest square in a given circle.—Square the radius
and multiply bg 2,

To find the side of an equilateral triangle equal in area to a given circle.—
'](ultié)ly the diameter b‘{ 13468,

Having the chord and rise of an arc, to find the radius.—Square half the
chord, and divide by the rise. To the quotient add the rise, and divide by 2.

Or, Radius = the square of the chord of half the arc divided by twice the
rise of the whole arc.

Having the chord and radius, to find the rise.—Square the radius, also square
half the chord. Take the last square from the first. Extract square root of
the remainder, and subtract it from the radius if the radius is greater; if not,
add it to the radius.

Having the radius and rise, to find the chord.—From the radius subtract the
rise (or from the rise subtract the radius if rise is the greater), square the
remainder, and subtract it from the square of the radius. Extract the square
root of the remainder, and multiply by 2.

Having the rise of the arc and diameter of circle, to find the chord.—Subtract
the rise from the diameter,and multiply the remainder by the rise. Extract
the s%uare root of the product, and multiply by 2.

To find the breadth of a circular ring, avln% its area and the
diameter of the euter circle.—Find the area of the whole circle,
and from it take the area of the ring. Multiply the remainder
by 1-2732, and the sqluare root of the product will be the diame-
ter of the inner circle. Take it from the diameter of the outer
one, and the remainder will be twice the breadth. Z

To find the ares of a circular ring.—Take the difference of the squares of
the radii, and multiply it by 3-1416.

To find the length of an arc when its degrees and radius are given.—Multiply
the number of degrees by *01745, and the product by the radius.

To find the area of sector.—Multiply the arc by 14 the radius.

The area of the sector is to the area of the circle as the number of degrees
in the sector is to 860°. -

To find the area of a segment.—Find the area of the sector having the same
are, and also the area of the triangle formed by the chord of the segment and
the radii of the sector. If the segment is greater than a semicircle, add the
two areas; if less, subtract them.

THE ELLIPSE.
C

D

To find the area of an ellipse.—Multiply 14 of the two axes A Band CD
together, and multiply the product by 81416,
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MENSURATION OF VOLUMES.

THE CUBE AND THE PARALLELOPIPED.

To find the surface of a cube.—Multiply the area of one side by 6.
To find the surface of a parallelopiped.—Add together twice the area of the
baseT 5 swéc:hthe a.bll'eu.lof thte” sig‘e, a;;ns ;vi“ce the r‘:ll.leal ofithe eng[.ulti Iy th
'o fin e cubical eontents of a cube or elo] the area
‘of the base by the perpendicular height. e Plped.— Py

THE PRISM.

To find the convex surface of a right prism.—Multiply the perimeter of the
base by the altitude. :

Tofind the entiresurface, add the areas of the bases.

To find the contents of a (rrism.—Multiply the
area of the base by the altitude of the prism. .

THE PYRAMID.

To find the convex surfaceof a gynmid.—Multiply
the perimeter of the base by £ the slant height.

To find the entire surface, add the area of the base,

To find the contents of a pyramid.—Multiply the
area of the base by 4 of the altitude.

|

THE CYLINDER.

To find-the convex surface of a cylinder.—Multiply the circum-
ference of the base by the altitude.

To find the entire surface, add the areas of the ends.

To find the contents of a cylinder,—Multiply the area of the base
by the altitude.

THE CONE.

To find the convex surface of a cone.—Mul-
tiply the circumference of the base by }4 the
glant height.

To find the entire surface, add the area of
the base.

To find the contents of a eone.—Multiply
the area of the base by 14 of the altitude.

THE FRUSTUM OF A PYRAMID OR CONE.

To find the convex surface.—Multiply 14 of
the sum of the perimeters or circumferences
of the two bases by 34 the slant height.

The entire surface is found by adding the
areas of the two bases.

To find the contents of s frustum.—Add
together the sum of the two bases and the
square root of their product, and multiply the
sum by !4 of the altitude of the frustum.

THE SPHERE.

To find the surface of a sphere.—Multiply the diameter by the
gi{glmferenoe; or, square the radius and multiply it by 4 and
1416,
To find the contents of a sphere.—Multiply the surface by 14
of the rudius; or, multiply the cube of the diameter by 5236,
To find the surface of a zone.—Multiply the height of the zone -
by the circumference of a great circle of the sphere.
To find the contents of a spherical segment of one base.—Add the square of
the height to three times the square of the radius of the base; multiply thig
sum by the height, and the product by 5236,
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CYLINDRICAL RINGS.

A cylindrical ring is formed by bending a cylinder or pipe
until its two ends meet.

To find the surface of a cylindrical ring.—To the thickness
of the ring add the inner eter, multiply this sum by the
thickness of the ring, and the lfrmduct by 9°8696. :

To find the contents of a cylindrical ring.—To the thick-
ness of the ring add the inner diameter, multiply this sum
by the square of 14 the thickness.

To find the volume of an ""g:,'é" body.—Fill a vessel of known dimensions
with water, and immerse the y. The contents will equal the volume of
water displaced. .

THE PRISMOIDAL FORMULA.

This formula is the invention of Mr. Elwood Morris, C. E., of Philadelphia,
and is extensively used in calculating the cubical contents of cuttings, em-
balnkmt? vos all Ilelopipeds, prisms ids ed te. ete

t embraces all parallelopipeds, p: , pyramids, cones, wedges, etc. etc.,
whether regular or irregular, right or obligue, with their frustums when cut

rallel to their bases. In fact, it embraces all solids having two parallel
Eces or sides, provided these two faces are united by surfaces, whether plane
or curved, upon which and throufh every point of which, a straight line may
be drawn from one of the parallel faces to the other.

To find the contents of any prismoid.—Add ther the areas of the two
&mllel surfaces, and four times the area of the section taken half way

tween them, and parallel to them ; mult(ilply the sum by the %erpendicular
distance between the two parallel sides, and divide the product by 6.

GEOMETRY.

THE PRINCIPLES OF GEOMETRY.

1. The sum of all the angles formed on one side of a straight line equals
two right angles, or 180°.

2:';63; e sum of all the angles formed around a point equals four right angles,
or ;

3. When two straight lines intersect each other, the opposite or vertical
angles are equal.

4. If two angles have their sides parallel they are equal.

5. If two trlangles have two sides and the included angle of the one, equal
to two sides and the included angle of the other, they are equal in all their

rts,
pan_ two triangles have two angles and the included side of one equal to two
angles and the included sides of the other, they are equal in all their parts.

6. In any triangle the ter side is opposite the greater angle, and the
greater angle is opposite the ter side.

7. Inan les triangle the angles opposite the equal sides are equal.

8.81013 any triangle the sum of the three angles is equal to two right angles,
or 180°. .
9. Iftwo an%les of a triangle are given, the third may be found by subtract-
ing their sum from two right angles, or 180°.

10. A triangle must have at least two acute angles, and can have but one
obtuse, or one right angle. -

11. In any triangle a perpendicular let fall from the apex to the base is
shorter than either of the two other sides.

12. In any parallelogram the opposite sides and angles are equal each to

each,
13, The diagonals divide any parallelogram into two equal triangles,

4
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14. The diagonals of a parallelogram bisect each other: that is, they divide
each other into equal parts, T

15. If the sides ofa Polygon be produced in the same direction the sum of
the exterior angles will equal four right angles.

16. The sum of the interior angles of a polygon is equal to twice as many
right angles as the polygon has sides, less four right angles.

) EXAMPLES,
The sum of the interior angles of a quadrilateral = (2 X 4) — 4 = 4 right

angles.

The sum of the interior angles of a Eentagon = (2 X 5) — 4 =6 right angles,

The sum of the interior angles of a hexagon = (2 X 6) — 4 = 8 right angles.

17. In equiangular polygons each interior angle equals the sum divided by
the number of sides.

18. The square described on the hypothenuse of a right-angled triangle is
equal to the sum of the squares descri on the other two sides. Thus, ina
right-angled trian%e whose base is 20 ft. and its altitude 10, the square of the
hypothenuse equals the square of 20 + the square of 10, or 500. Then the
hypothenuse equals the square root of 500, or 22-3607 ft.

19. Having the hypothenuse and one side of a right-anfgled triangle, the
other side may be found by subtracting from the square of the hypothenuse

the square of the other known side. e remainder will be the square of the
required side. A
20. Triangles which have an angle in each equal, are to each other as the

product of 51e sides including those equal angles.
o 31 Similar triangles are to each other as the squares of their corresponding
es.
22. The perimeters of similar polygons are to each other as any two corre-
sponding sides, and their areas are to each other as the squares of those sides.
23. The diameter of a circle is greater than any chord.
24, Any radius which is perpendicular to a chord, bisects the chord and
the arc subtended by the chord,
25. Through three points not in the same line a circumference may be made

lgmzcnons.—braw two lines connecting the three points. Erect perpen-
diculars from the centers of each of these two lines, and the point of
intersection of the perpendiculars will be the center of the circle.
26. The circumferences of circles are to each other as their radii, and their
areas are to each other as the squares of their radii.

EXAMPLES,

If the circumference of a circle is 62'83 in. and its radius is 10!in., what is
the circumference of a circle whose radius is 15 in.?
Ans.—10 : 15 :: 62:83 : 94 n.
If a circle 6 in. in diam. has an area of 28'274 8q. in., what is the area of a
circle 12 in. in diameter?
Ans.—3% : 62 :: 28:274 : 113096 sq. in.

PRACTICAL PROBLEMS IN GEOMETRICAL CONSTRUCTION.

To bisect a given straight line.—Let ABbea
given su‘;i‘ﬁh line. From A and B as centers,
us

with a ater than one-half of A B
describe arcs Intersecting each other at E “

and F. Then draw the line E F. It will 3
bisect A B, and C will be the middle point, and .
E F will be perpendicular to A B. The points
E and F will be equidistant from A, B, or C.

From a given point, without a straight line,
to draw a perpendicular to the line.—Let AB
be the given line and C the given point. From 4
C as a center, with a radius sufficiently great,
describe an arc cutting the line A B in the two
points A and B ; then from A and B as centers, K »
with a radius greater than 24 of A B, describe
th arcs cutting each other at D, and draw

0
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At agiven point in a straight line, to erect a
perpendicular to that line.—Let A’ B be the
ven line, and C the given point, Then in
the line A B take the points A and B equally
distant from C, and, with A and B as centers,
and a radius greater than 14 of A B, describe
mo %rcs cutting each other at D, and draw the
e

.

At a point on a given straight line, to make
an angle equal to a given angle.—Let A be the
given point, A B the given line, and E F G the
given angle. From F as a center, with any
radius F G describe the arc EG. From A asa
center, with the same radius, describe the arc
C B; then with a radius equal to the chord E
G, describe an arc from B as a center, cutting
CBat D, and draw A D.

To bisect a given arc, or a given angle.—1st.
Let A D B be the given arc, and C its center.
Draw the chord A B, and from C draw C D
peﬁendicular to A B,

. Let A C B be the given angle. Then,
with C as a center and any radius, describe the
arc A D B, and bisect this as above.

Hne parallel ven straight line.—Let A
be the given point and C D the given line.
From A as a center, with a radius greater than
the shortest distance from A to C D, describe
an indefinite arc D E. From D as a .center,
with the same radius, describe the arc A F.
Take D Eequal to A F, and draw A B.

Through a gven eJmint to draw a straight
a

To find the center of a given circumference
or are.—Take any three points, A, B,and C, on
the circumference, and unite them by the lines
A Band BC. Bisect these chords by the per-
pendiculars D O and E O; their intersection is
the center of the circle.

Through a given goint to draw a tangent to
a given circle.—1. Suppose the given point P
to be in the circumference.

Find C, the center of the circle, draw the
radius C P,and draw D E perpendicular to C P,

2 Su the given point P to be without
the cimqg?se
Join P and the center of the circle. Bisect
PC in D; with D as a center, and a radius D
C, describe the circumference intersecting the
ven circumference at A and B. From the
tersections A and B draw B P and A P.

1A £l
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PLANE TRIGONOMETRY.

Plane Trigonometry treats of the solution of plane tﬂanﬂg:‘

In every triangle there are six parts; three sides and t angles, These
parts are so related that when three of the parts are given, one being a side,
the other may be found.

An angle is measured by the arc included
between its sides, the center of the circum-
ference being at the vertex of the angle.

For measuring angles the circumference is
divided into equal parts, called degrees;
each degree into 60 equal parts called minutes.

A Quadrant i8 3{ of the circumference of a
circle, or 90°.

The Complement of an arc is 90° minus the
arc; D Cis the complement of B ¢, and the
angle D O Cis the complement B O C.

e Sﬁp lement of an arc is 180° minus the
arc; A the supplement of thearc BD E,
and the angle B O E.

In Trigonometry, instead of eo:ﬁ?aring the
angles of triangles or the arcs which measure them, we compare the sine,
cosine, tangent, cotangent, secant, and cosecant.

The Sine of an arc is the perpendicular let fall from one extremity of the

arc on the diameter which passes through the other extremity. Thus, C D is
the sine of the arc A C. :

The Cosine of an arc is the sine of

its complement; or it is the distance J ™
from the foot of the sine to the center
of the circle, Thus, C Eor O D = the £

cosine of arc A C. .

The Tangent of an arc is a line
which is perpendicular to the radius A
at one extremity of an arc and limited H ]
by a line ?assln through the center
of the circle and the other extremity.
Thus, A T is the tangent of A C. P

The Cotangent of an arc is equal to
the tangent of the complement of the
f&l% Thus, B TV is the cotangent of

The Secant of an arc is a line drawn from the center of the circle through
one extremity of the arc, and limited by a tangent at the other extremity.
us, O T is the secant of A C.
The Cosecant of an arc is the secant of the complement of the arc. Thus,
O T is the cosecant of A C.
From the above definitions we derive the following simple principles :

1. The sine of an arc = the sine of its supplement, and the cosine of an
arc = the cosine of its supplement.

2. The tangent of an arc = the tangent o{ its supplement, and the
cotangent of an arc = the cotangent of its supplement.

8. The secant }f an arc = the secant of its supplement, and the cosecant
= the cosecant of its supp t.

Thus, The sine of 70° = the sine of 110°.
The cosine of 70° = the cosine of 110°.
The tangent of 70° = the tangent of 110°.
The cotangent of 70° = the cotangent of 110°.
The secant of 70° = the secant of 110°.
The cosecant of 70° = the cosecant of 110°,
Thus, i;)gou want to find the sine of-an angle of 120° 30/, look for the sine of
180° — 120° 3¢/, or 59° 30, etc.
Natural sines, tangents, etc., are calculated for a circle whose radius is
unity, and logarithmic sines, tangents, etc., are calculated for a circle whose
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radius is 10,000,000,000. With natural sines, tangents, etc., long and tedious
operations in multiplication and division are necessary.

With logarithmic sines, tangents, etc., these operations, in con{unction with
the table of logarithms of numbers, are rtedaced to simple addition and sub-
traction. (See tables in back of book.)

PRACTICAL EXAMPLES IN THE SOLUTION OF TRIANGLES,

CASE 1.—To determine the height of a vertical object: standing on a
horizontal plane.—Measure from the foot of the

object any convenient horizontal distance A B; at c

the point A take the angle of elevation B A C.

Then as B is known to be a right angle we have two T T

angles and the included side of a triangle. T 1
Asuming that the line A B is 800 ft., and the 11

angle B A C = 40°, the angle C = 180° — (90° + 40°) T 1

=50°. ThensineC:AB :sineA:BC,or,
" *766044 : 300 :: “642788 : (), or 251°73+ ft. T T
Or, by logarithms :

. 300 = 2477121 [
Log. sine 40° = 9808067 A T : T n
12-285188

sine 50° = 9-884254 :
Log.
2400934 or log. of 25173+ ft. Hence, B C = 251'7+ ft.

CasE 2.—To find the distance of a vertical ohject whose height is known.
—Ata point A take the angle of elevation to
the top of the object. Knowing that the angle D "
Bis a right angle we have the angles B and A T
and the side B C.

Assuming that the side B C = 200 ft. and the
angle A == 30° we have a triangle as follows : TT
Angle A = 30° B = 90° C = 60°, and the side
BC =200 ft.

Then sine A: B C :: sine C: AB, or, *5: 200 =
k :(), or346'41 ft. By logarithms:

Log. 200 = 2-301030

0g. 200 = 230
Log. sine 60° = 9937581
12238561 A £l
Log. sine 30° = 9698970
2:539591 or logarithm of 346'41 ft.

CAsE 3.—To find the distance of an inaccessible object.—Measure a horizon-
tal base-line A B, and take the angles formed by the
linesB A Cand ABC. We then have two angles, and
the included side. Assuming the angle A to be 60°, the
angle B, 50°, and the side A B = 500 ft., we have the
angle C = 90° — (60° + 50°) = 8(°,

::sine A : BC, and
ine B : AC,
500 866025 : B C, or 439:7—.
and 984801 : 500 :: 766044 : A C, or 3889+,
g. 500 = 2698970
Log. sine 60° = 9937531
12636501
Log. sine 80° = 9993351
_ 2643150 = log. of 4397—, and
500 = 2'698970

-1

al

Log.
Log. sine 50° = 9-884254
12-5683224

Log. sine 80° = 9993351
2-589873 = log. of 888'9+.

Cask 4.—To find the distance between two obfects separated by an impas-
sable barrier.—Select any convenient station, as C, measure the linés § A
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and C B, and the mgle included between these sides. Then, we have two
sides and the included angle.

Assuming the angle C to be 60°, the side C A,
600 ft., and the side C B, 500 ft., we have the fol-
k)whgformula:— CA+CB:CA —CB :tang.

+

ZA B
t= . tang —5~. Then, ~s— =

180° — 60°
T or e

B - A
Then, 1,100 : 100 :: tang. 60°: tang.——5— of
IAIOO: 100 :: 1°732050 : *157459, or tangent
of ———, orgo 57",
Then, 60° + 8° 57’ = 68° 57/, or angle B, and
60° -— 8° 57’ = 51° 03/, or angle A.
Having found the angles, find the third side by same method as Case 1

The above formula worked out by logarithms is as follows: .
Log. 100 = 2°000000
Log. tang. 60° = 10-238561

12-238561
Log. 1,100 = 3041393
B— A
9197168 = log. tang. of —g ,or8esv.

Then, 60° + 8° 57/ = 68° 57, or angle B, and
60° — 8° 57’ = 51° 03, or angle A.

Note.—The greater angle is always opposite the greater side.

CASE 5.—To find the height of a vertical object standing upon an inclined
lane.—Measure any convenient distance -

C on a line from the foot of the object,
and at the Eoint D, measure the angles of
elevation, ED A,and ED B, to foot and
top of tower. We then have two triangles,
both of which may be solved by Case 1
and the heifht above D of both the foof
and top will be known. The difference
between them is the height of the tower.

CASE 6.—To find the height of an inac-
cessible object above a horizontal plane.
Measure any convenient horizontal line A 2
B directly toward the object, and take the
angles of elevation at A and B. We will then
have sufficient data to work with. Assumin,
the line A B to be 1,200 ft. long, the m}gle A, 259,
and the angle B, 40°, we have the following :
As the angle D BC is 40°, the angle A B C = 90°
— 40°, or 50°.

Then, having theside BC, and the angle D B C
= 40°, and the angle B D C = 90°, we find the
side C D by the same method as in Case 1.

Second Method.—If it is not convenient to
measure & horizontal base-line towards the
object, measure any line A B, and also measure
the horizontal angles B A D, ABD, and the
angle of elevation, D B C. Then, by means of
the two triangles, A B D and C B D, the height
C D can be found. Then, with the lineA B
and the angles, BAD and A BD known, we
have two anglesand the included side known.
The third angle is readily found, and the side
B Dcan be found. Then, in the triangle BD
C, we have the angle B, by rement, D =
90°, ana we have the slde, B D. Then the side
CD, fr the vertical height, can be found by

A
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CaSE 7.—To find the distance between two inaccessible objects when -
ints can be found from which both objects can be seen.—Wishing to know
he horizontal distance between a tree and a house on the opposite side of a
river, measure the line A B, and at point A take the angles D ACand D A B,
and at the point B, take the angles C B A and C B D.
the length of A B = 400 ft.

The angle D A B = 420 24,
The angle C B A — 44° 36/,
The angle C B D = 68° 50",

In the triangle A BD, we have A B 400 = ft., the angle D A B = 42° 24/,
and the angle A B D = (44° 36’ 4- 68° 50) = 113° 2¢/, and the angle ADB =
180° — (42° 24/ + 113°26") = 24°1¢/. Then, accordxgg to Case 1, find the side
DB. We then have three angles and two sides of the triangle ADB. We
find the third side, A D, by Case 1.

Then in the triangle A B C, we have the angles A BC and B A C, and the
distance A B, From these we find the side A C, Then, in the triangle A D
C, we have the sides A D and A C, and the angle D A C, and we then find
the side C D, by Case 4. )

WEIGHTS AND MEASURES.

TROY WEIGHT.

24 grains =1 pennyweight.
20 pennyweights = 1 ounce =480 grains.
12 ounces =1 pound = 5,760 grains = 240 dwt.

In Troy, Apothecaries, and Avgirdupois weights the grains are the same.

APOTHECARIES WEIGHT.
20 grains = 1 scruple.
3 scruples =1 dram, = 60 grains,
8 drams =1 ounce = 480 grains, = 24 scruples.
12 ounces =1 pound = 5,760 grains, = 288 scruples, = 96 drams.

AVOIRDUPOIS WEIGHT.

27-34375 grains =1 dram.
16 drams =1 ounce = 4373, grains.
16 ounces =1 pound =1, graing, = 256 drams.
28 pounds =1 quarter = 448 ounces.
4 quarters =1 bhundredweight = 112 ¥bs,
20 hundredweight =1 ton = 2,240 Ibs.
A stone = 14 bs.

A quintal = 100 bs.
A ‘‘short ton” = 2,000 s,
1 0z. Troy or Apothecaries’ 1'09714 Avoirdupois oz.
1 pound Trr?iy or Apothecaries 82286 . Avowrdupois.
10z. Avoirdupois ‘911468 Troy, or Apothecaries’ 0z.
1 pound Avoirdupois 1-21528 s, Troy, or Apothecaries’,

[T
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METRIC WEIGHT.

10 Milligrammes =1 Centigramme, = ‘16452 grains.
10 Centﬁmmea = 1 Decigramme, = 15482 ins,
10 Decigrammes = 1 Gramme, = 154382 S
10 Grammes = 1 Decagramme, = 022046 Avoir.
10 Decagrammes = 1 Hectogramme, = *22046 Ibs. Avoir.
10 Hectogrammes = 1 Kilogramme, = 22046 s, Avoir.
10 Kﬂogrammes =1 Myﬂogramm = 22046 Ibs. Avoir.
Myriogrammes = 1 Quintal, = 22046 s, Avoir.
10 Quintals =1 Tonneau. Millier, or Tonne, = 2,204° s. Avoir.
MEASURES OF LENGTH.
AMERICAN AND BRITISH.
12inches =1 foot. :
8 feet =1yard = 36in.
6 feet =1 thom = 2yds. = 72in.
66 feet =1chain*= 11fath. = 22 yds = 792in.
10chains =1 furlong 110 fath. =220y = 660ft. =17,620in.
8 furlongs =1mile = 80chains =880fat,h. = 1,760 yds. = 5,280 ft. —
[68,360 in.

* The chain of 66 fi. is practically obsolete. Chains of 50 or 100 ft. are now
used exclusively, by American surveyors.

To reduce inches to decimals of a foot.—Divide the number of inches by
12. Thus7inches = 7 + 12, or *58333 ft. To reduce fractions of inches to deci-
mals of & foot, divide the fraction by 12, and then divide the numerator of
the quotient by the denominator, T , ginch = § + 12 =g}, s = "0313 ft.

METRIC BYSTEM. hd

10 Millimetres =1 Centimetre = 08937079 in.
10 Centimetres =1 Decimetre = 3937079 in.
10 Decimetres = 1 Metre = 3 ft.
10 Metres =1 Decameter = 109363 yds
10 Decametres =1 Hectometre = 109-363 yds.
10 Hectometres = 1 Kilometre = 06213824 mile.

10 Kilometres =1 Myriametre = 6213824 miles.
* Used in France, Spain, Belgium, Portugal, and Italy.

RUSSIAN,
12inches =1 foot = 1 American foot.
7 feet = 1 saschen, or sagene.

500 saschen = 1 verst = 3,500 feet

PRUSSIAN, DANISH, AND NORWEGIAN.
12iuches = 1foot = 102972 American feet.
12 feet = 1ruitn = 12-35664 American feet.

2,000 ruth = 1mile = 4'68+ American miles,

AUSTRIAN.
12 inches = 1foot = 103713 American feet.
6 feet = 1 klafter.
4,000 klafter == 1mile =471+ American miles,
SWEDISH.
12 inches = 1foot = 097410 American feet.
6 feet =1 fathom.

6,000 fathoms = 1mile = 664+ American miles.

CHINESE.

1054 American feet,

10 chih = 1 chang = 1054 American feet,
180 chang =11 =1,807  American feet.
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MEASURES OF AREA.

AMERICAN AND BRITISH.

144 8q. inches = 1 square foot.
9 5q. feet = = 1square yard = 1,296 sq. in.
301, sq. yards = 1 perch = 272 8q. ft.
40 perches = 1rood = 1,210 8q. yds. =10,890 sq. ft.
4 roods =1acre = 160 perches = 4,8408q. yds. = 43,560 sq. ft.
METRIC SYSTEM.
1 square millimetre = 001550 8q. in
1square centimetre = _ 155008 8q. in. .

1square decimetre = 155003 8q.
1 square metre or centiare = 10764101 sq. ft.
1square decametre or are = ‘024711 acres.

1 hectare = 247110 acres.
1square kilometre = 247110  acres.
1square myriametre = 38'61090 square miles,

+ MEASURES OF SOLIDS.

AMERICAN AND BRITISH.

1,728 cubic inéhee = 1 cubic foot.
27 cubic fee =1 cubie yard.

A cord of wood = 128 cu. ft.,,ora of wood 8 ft. lo¥, 4 ft. wide, and 4
ft. high = 1 cord. A perch of masori) contains 2434 cu. fi.; but in practice
itis taken as 25 cu. ft.

A ton (2,240 s.) of Pennsylvania Anthracite, when broken for domestic use,
ocbcoult)ig nbogt 42 cu. ft. of space; Bituminous coal, about 46 cu. ft., and coke
about 88 cu. ft.

METRIC SYSTEM.

1 millilitre or cu. centimetre = ‘0610254 cu. in.
1 centilitre = '610254 cu.in.
1 decilitre = 610254 cu.in.
1 litre, or cu. decimetre = 610254 cu.in.
1 decalitre, or centistere = 353156 cu. ft.
1 hectolitre, or decistere . = 353156 cu. ft.
1 kilolitre, or cu, metre,orstere = 35'3156 cu. ft.

1 myriolitre, or decastere = 853156 cu. ft.

o

LIQUID MEASURE (U. 8.).

3 8 = s, 8 gills z B
nts =1q = , = §7'756 cu.in. ot
4 gus =1 g:llon, = 32gills, = 8 pints =281 cu. {0, ———
3133 gallons =1 barrel.
63 llons, =1 hogshead.
- 2 hogsh =1 pipe.
2 pipes =1tun.

DRY MEASURE (U. 8.)
67-2006 cu. in. = 1-16365 liquid qts.
2688025 cu. in. = 116365 liquid gals.
8 quarts = 537°6050 cu. in. _

2pints = 1 quart,
4quarts = 1gallon,
2gallons = Kk,

[N

, 4pecks = 1bushel, = 64 pints, =32 quarts, -

BRITISH IMPERIAL MEASURE, BOTH LIQU:

4gills =1 pint = $4'6592
2pints =1lquart = 693185
4 quarts = 1gallon, = 274
8quarts =1 geok. = +548

' 4 pecks = 1 bushel, == 2,218102
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CONTENTS OF CYLINDERS OR PIPES FOR ONE FOOT IN LENGTH.

The contents of pipes or cylinders in gallons or pounds are to each other as
the squares of their diameters. Thus, a pipe 9 ft. in diameter will contain 9
times as much as a 3-foot pipe, or 4 times as much as a 4%-foot pipe.

Diameters in Inches.

Gallons of Weight of Gallons
Diam.| Diameter | 937 oy in, Wwer‘ in Ds,||Diam.} Diameter | g3y cnlf i:r WY:&‘:‘{‘: ‘gs.
in | 1n Decimals (5" “Stand.| in1ft.of ||, I8 |10 Decimals ;" "Siang.| "in 1 ;. of
Inches| of a Foot. ard.) Length. Inches| of a Foot. ard.) Length.
Yy *0208 0025 02122|| 5% 4583 1234 1027
C g 0417 +0102 ‘08488|1 6 5 1-469 12-223
3 *0625 0230 19098/ 6% +5417 1724 14-345
1 0333 0408 +38952(| 7 +5883 1°999 16°636
1Y 1042 0638 *53050(( Ty 625 2:295 19-098
13 125 +0918 76392|| 8 *6667 2:611 21-729
18, *1458 ‘1249 1-0398 || 81| *7083 2°948 2453
2 1667 1632 1-3581 || 9 75 3305 27-501
2y, *1875 2066 1-7188 |[ 91y 7917 8682 30641
Pl 2083 +2550 2122 || 10 k 4-080 33952
23 *2292 +3085 2:5676 || 10%| *876 4:498 37432
" *3672 8:0557 || 11 *9167 4937 41082
8% 2917 4998 4-1591 || 11 *9583 5396 44'901
4 +3333 *6528 54323 || 12 1-000 5875 48891
N *8263 6875
5 4167 1-020 8488
Diameter: Feet.
1y, 125 9180 76'392 | 10 10°00 587'6 488912
13 1-50 13-22 110700 103! 1030 6477 5404 24
18 175 17'99 14973 11 11:00 7109 591584
2 2:00 2350 1955 113, 1150 7770 572
21y, 2:25 2974 247-51 12 8461 '7040-00
2% 250 8672 30557 1B | ... 992°8 871000
23 275 44:43 36974 14 [ 11520
3 300 52'88 44000 15 . 1322:0 1100050
31 325 6528 544-37 16 | ... . 15040 1251600
3, 350 7197 631-00 17 R 16980 14166-00
33 375 8262 7" 18 - 19040 15841-00
4 400 9400 782:24 19 - 21210 1769100
43 425 106°1 885'40 20 - 2350°0 1
41, 450 1190 04 21 | o 2591-0 2161700
48 475 132'5 110571 22 . 2844-0 23663
5 500 1469 1222+28 23 . 31080 2594300
5y, 525 1619 135106 24 3384°0 28160-00
5y 550 1777 1478'96 2 | . 36720 30557-00
58 575 194'3 162143 26 | e 3971°0 84840-00
6 600 2115 176000 27 | e 42830 3564100
6 625 2295 191518 p veeee 46060 40384
61y 650 2482 2177°48 29 | ... 49410 41117-00
63 675 2677 2233°96 30 52880 4400200
7 700 2679 2524°00 31 5646°0 4698400
T 7°50 3305 2750712 32 6017°0 5006400
8 800 760 312896 33 63980 53242°00
8lp 850 424'5 354160 34 . 6792'0 56664
9 9:00 4759 3960°16 35 veveee 7197°0 5989150
91, 950 580°2 4422-84 36 | ... 7614°0 6336400
MONEY
UNITED STATES CURRENCY. BRITISH MONEY.
10 mills =1 cent. 4 farthings = 1 penny.
10 cents = 1dime. 12 pence =1 shilling.
10 dimes = 1dollar. 20 shillings = aound sterling.
10 dollars = 1 eagle. 21 shillings = 1 Guinea.
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VALUE OF FOREIGN COINS IN UNITED STATES CURRENCY.
Crown, Great Britain

Florin, Holland, Netherl’'nds,
Crown, Spain (half pistol South Germany $ .38
Crown, Germany Florin, (gold) Hanover. 1.66
Crown, Sicily. Florin, (silver) Hanover .56
Florin, a . .85
Swede 27 Gulden, Baden . .40
. 0034 | Guinea, Great B 5.11
. .96 Groschen, Prussian Po .02
llar, U. 8, of Columbia .93% | Imperial, Russia..... 7.92
Dollar, Chili, Peru, Ecquador... .93 Kreutzer, Bavaria .0024
Dollar, Liberia, Mexico, Sand- Mare, Germany....... Y
wich Islands, Canada .......... 1.00 Maximillian, Bavaria . 33
Doubloon, Spain, Mexico .. 15.65 Milrea, Portugal...... . 1.08
Doubloon, Central America ... {‘;{g gg%;ogbgggfe - 38
Doubloon, New Granada ......... 15.34 Pistole, Spain .. . 3.90
Ducat, Austria, Bohemia, Ham- Peseta or Pistareen, Spain.... .20
burg, Hanover .. 2.28 Piastre, Spain ............... . 1.04
Ducat, Sweden .. . 220 Pound, Great Britain.. 4.87
Ducat, Denmark .. 1.81 Rouble, Russia ........... . .75
Franc, France, Belgium, Bul- Shilling, Great Britain ......... .24
garia, Italy, Roumania, and Sovereign, Great Britain ...... 4.87
witzerland o .197% | Sous, France ... coeeeee 01
Florin, Austria, Silesia ... 48

STRENGTH AND WEIGHT OF MATERIALS.

"WOODEN BEAMS.

To find the quiescent breaking-load of a horizontal square or rectangular
beam.—Multiply the breadth in inches by the square of depth in inches, divide
the product by distance in feet between the supports, and multiply the quo-
tient by the constant given in following table.

. To find the quiescent brukln%-loud of a horizontal cylindrical beam.—
Divide the cube of the diameter in inches by the distance between the sup-
ports in feet, and multiply the quotient by the constant,

TABLE OF CONSTANTS.
Calculated for seasoned timber. For rgre(;n timber take one-half of these
o

constants. Safe working-load is one-thi breaking-load.
Square or Square or
‘Woods. Rectangu- | Round. ‘Woods, Rectangu-| Round.
lar. . lar.
650 383 | Locust 600
400 236 || Lignum 650
300 177 rch

Beech, red ... 550 324 || Oak, white 600

Birch, black 450 266 || Oak, live 600

Birch, yellow .. 450 266 (| Pine, white 450

Cedar, white... 250 147 || Pine, yellow 500
450 265 | Pine, pitch 550
350 206 (| Poplar 550 324
600 353 || Spruce.... 450 265
400 236 || Sycamore 500
650 383 | Willow....... 350 206
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r EXAMPLES,

Find the quiescent breaking-load, and safe working-load of a yellow pine
collar @in. square, 12 ft. between legs.

Y]
8X 87 . 500 — 21,335 Bs. for seasoned, and 10,668 Be, for

Breaking-load = 1

green timber.
‘Safe working-load = 7,111 s, for seasoned, and 8,556 s, for green timber.

Find the quiescent breaking-load, and the safe working-load of a hemlock
collar 10 in. diam., 7 ft. between legs.

- -
Breaking-load — ’—‘7’— X 236 = 33,715 De, for seasoned timber, and > >
= 16,857 Ibs. for green timber.
Safe working-load = 71% — 11,238 M. for seasoned, and B8 o 1128

== 5,619 Ibs. for green timber.

Having the length and diameter of a collar to find the diameter of a longg
collar to support the same weight.—The strength of collars varies asthe cul
of their diameters, and inversely as their len, .

ExaMpPLE.—If & collar 6 ft. long and 8 in. diameter supports a certain weight,
what must be the diameter of a collar 12 ft. long to support the same weight?

Ans.—p 6 : P12 = 8in.: 10+ in. -

To find the diameter of a coliar when the weight increases in proportion to
the length.—Find the required diameter to su})port the same weight as the
short collar. Then the length of the short collar is to the length of the l(;gﬁ
3{xe as the diameter found to support the original weight is to the requi

ameter.

ExAMPLE.—If a collar 6 ft. long, 8 in. diam. supports a certain weight, what
must be the diameter of a collar 12 ft. long to support twice the weight ?

Ang.—p 6 : Y12 :8: () or 10+

Then, 6 : 12 == 103 ; ()3, or 12_><61_,_QQQ = 2,000, and 2,000 = 12'6 in,

IRON AND STEEL BEAMS.

Constants for use in calculating strength of iron and steel beams:

[T 251 1) | VOO O 2,000

‘Wrought-iron...... 2,200

8t 5,000
Hard steel will break the same as cast-iron. 8oft steel will bend like

wrought-iron. The elastic limit of wrought-iron is reached at about 2,200 bs

As it does not break, we use the limit of elasticity.

To find the quiescent breaking-load of s horizontal N’llll'e or rectangular
iron or steel be-m.—Multi%I the square of its depth in inches by its breadth
in inches, and multiply this result by the coustant for the material used.
Divide by the length in feet between the supports. :

ExamMPLE.—Find the quiescent breaking-load of a wrought-iron beam 6 in.
square and 12 ft. between quporls, and subtract 15 the weight of the beam
between its supports. 1f the load is equally distributed over the beam it will
be twice as great as that found by above rule.

Safe working load is 34 of breaking-load.

To find the c}uieseent breaking-load of a cylindrical iron or steel beam.—
Find the breaking-load of a square beam the sides of which are equal to the
diameter of the round one, and mu.ltii)ly by 6.

Safe working load is 34 of breaking-load.” If the load is equally distributed
over the beam it will be twice as great.
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ROLLED IRON I-BEAMS.

Calculated for loads evenly distributed over beams, and the beams supported
at both ends. If the load is concentrated in the center, one-half of the loads
in the table must be taken.

PILLARS OR PROPS.

To find the crushing-load of either square or rectangular wooden pillars or

rops.—Call one side of the square or the least side of the rectangle the

readth. Divide the square of the length in inches by the square of the
breadth in inches, multiply the quotient by ‘004, add 1 to the product, and
divide the constant in the following table by the result. Then multiply this
quotient lgrt.lge nl;rinbef ogl s;;ua.ux? inches in the end of the l{’mp'

reaking- n _ . 2
’ persq. in. of area } = Constant +1 + g3 X 004 }

When L = Length in inches, and B = Breadth in inches.

TABLE OF CRUSHING - LOADS OF AMERICAN WOODS

in small blocks of 1 sqf in. area. These are for well-seasoned wood. For
mn timber take 14 of the constants or crushing-strength. Safe working-

= 14 of crushing-load.
Crushing-Load Crushing-Load
‘Wood, in Wood. in
Lbs. per Sq. In. Lbs. per Sq. In.
6,800 Maple, sugar, black..... 8,000
7,000 Ma{le, white, red........ 6,
8, 0Oak, white, red, black 7,
6,000 Oak, scrub, basket...... 6,000
4,400 Oak, chestnut, live... .. 7,500
5,300 Oak, pin .......... 6,500
5,800 Pine, white .. 5,400
. 8,000 Pine, gggh . 5,000
Linden.....cc..... . 5,000 Pine, rgia .. 8,500
Locust, black, yellow.. 9,800 Poplar ......... 5,000
Locust, honey ............ 7,000 Spruce, blac. 5,700
Maple, broad - leafed Spruce, white.. 4,500
Oregon.....cceeee oenennn 5,300 illow............. 4,400
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EXAMPLE.—What 18 the breaking-load of a well-seasoned hemlock post 10in.
by 8 in. and 12 ft. lon, 1?441:

Ans.—5,300 =1 + f 81 X '004} = 23084 ths. per 8q. inch of area. 23084
X 80 = 184,672 Ibs.

To find the breaking-load of a cylindrical wooden prop.—Find the breaking-

load of a square prop whose ends are equal in area to those of the cylindrical
one, and proceed according to foregoing rule.

ExAMPLE.—What is the safe working-load for a hemlock mine-prop 10 in,

diameter, 10 ft. long ?
Ans.—The area of the end of the prop = 78'54 8q. in. A square of equal area

will have sides = to y78'54 = 886+ in.

3
Then, 5,300 <1 + { sl—zg; X ‘004 ; = 3,058'3 bs. per each square inch of area.

And 30583 X 7854 = 240,198 e. This is the crushing-strength of a similar

rop of seasoned timber, but as mine-timber is used in its green state we take

%ot 240,198 1s. or 120,099 s. as the crushing-load of the prop in question.
en, the safe working-load is 24 of this, or 40,033 Ibs.

SAFE WORKING-LOAD FOR HOLLOW CAST-IRON PILLARS,

l Length of Pillar.
Thick External |
of Metal. | Diameter. g gg, 10 ft. 12 ft. 4 | 1M
Inches. Tons. Tous. Tons. Tons. Tons.
3 40 32 23 18 14
3, 59 51 36 27 23
. 4 81 61 47 36 34
Y in{| 4% 10 6 81 65 50 14
b 133 104 83 67 54
5 153 129 106 85 70
L| 6 190 15'5 127 95 87
3 47 35 26 20 16
31y 71 53 42 32 25
4 92 73 56 44 39
4 12:8 99 7 61 55
5 in. 5 161 12°7 91 81 70
5% 187 157 128 104 88
6 232 19°0 15'6 128 106
6l 869 294 187 152 130
7 307 260 219 185 156
( 3 54 38 2:8 22 17
31, 81 62 44 35 26
4 113 85 65 48 38
41y - 149 115 89 72 60
8 in. 5 18-8 148 117 90 77
5l 218 184 149 121 102
6 27°2 223 183 150 125
6% 31'6 263 21'9 178 153
7 3671 306 258 217 184
4 139 104 80 64 48
1% 185 14:3 111 88 71
5 236 186 14-8 119 96
5y 276 232 189 153 127
6 34'5 283 232 191 159
1 in. 6%, 403 336 280 228 196
7 462 391 330 278 236
Ty 52-2 449 383 326 279
8 583 507 438 377 325
81y 643 56'5 49-4 429 373
L 9 705 62:7 553 481 423
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TABLE TO SHOW THE WEIGHT OR PRESSURE A COLUMN OF CAST-IRON WILL
SUSTAIN WITH BAFETY.

Length or Heightin| g | 10 | 12 | 14 | 16 | 18 | 20 | 32 | 24
Diameter. Weight | Weight | Weight | Weight | Weight | Welght | Weight | Weight | Weight
Inches. in cwt. | in cwt. | in cwt. | in cwt. | in cwt. | in cwt. | in cwt. | in cwt. | in cwt,

215 91 w7 65 55 47 40 34 29 25

3 145 | 128 | 111 97 84 73 64 56 49

3y 214 191 172 156 135 119 106 94 83

4 288 26 242 220 198 78 160 144 130

419 379 354 327 301 275 251 229 208 189

5 479 452 427 394 365 337 810 285 262

6 573 550 525 497 469 440 413 386 360

7 989 | 959 | 924 | 887 | 848 | 808 | 765 | 725 | 686

8 1289 | 1259 | 1224 | 1185 | 1142 | 1097 | 1052 | 1005 959

9 1672 | 1640 | 1603 | 1561 | 1515 | 1467 | 1416 | 1364 | 1311

10 2277 | 2045 | 2007 | 1964 | 1916 | 1865 | 1811 | 1755 | 1697

11 2520 | 2490 | 2450 | 2410 | 2358 | 2305 | 2248 | 2189 | 2127

12 8020 | 2970 | 2930 | 2900 | 2830 | 2780 | 2730 | 2670 | 2600

GREATEST SAFE LOAD, PER SUPERFICIAL FOOT. -

On Granite piers is.......cccceunneee
Portland stone piers..
Bath stone piers

Rubble masonr{y.. .2
Lime concrete foundation......... 21

The height of brick or stone piers should never exceed 12 times their least
ickness at base.

SHAFTING.

Shafts are subject to two forces—transverse strain and torsion.

When the machines to be driven are below the shaft, there is a transverse
strain on _the shaft, due to the weight of the shaft itself, of the pulley and
tension of the belt. Sometimes the power is taken off horizontally on one
gide, in which case the tension of the belt produces a horizontal transverse
strain, while the weight of the pulley acts with the weight of the shaft to
produce a vertical transverse strain. When the machinery to be driven is
placed on the floor above the shaft, the tension of the belt produces a trans-
verse strain in opposite direction to that due to the weight of the shaft and
pulley. The transverse strain diminishes as the velocity of the shaft
increases.

The torsional strength of shafts or their resistance to breaking by twisting,
is proportional to the cube of their diameter. Their stiffness or resistance to
bending is proportional to the fourth power of their diameters, and varies
gxlvprse y in proportion to their load and also to the cube of the length of

eir spans,

STRENGTH OF WROUGHT-IRON SHAFTING.
D = Diameter of shaft in inches.
H = Indicated horse-power to b
N = Number of revolutions per

In crank-shaft and prime movers

For ordinary shafting :
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LENGTH OF SHAFTING TO RESIST TORSION.

L = Length of lever in inches, or radius of wheel at which force is applied.
F = Force applied in pounds.
D = Diameter of shaft in inches.
K = 1,700 for wrought-iron ; 3,200 for cast-steel ; 1,500 for cast-iron.
D= IFL . FoDK
“ YV K’ T L

Ezample—Required to find the diameter of a wrought-iron shaft for a drum
having 2 tons pulling on it at 30-inch radius. L =30; F =2 X 2,240 = 4,480;

K = 1,700; then,
3130 X 4,480
D = _\/—W— = 4'3inches.

SPECIFIC GRAVITY, WEIGHT, AND PROPERTIES OF MATERIALS, &C.

The specific gravity of a body is its weight in proportion to an equal bulk of
E‘ure water, at & standard temperature. The standard temﬁmmm is 62°

ahr. = 16'670° Cent. A cubic inch of water weighs 252:456 grains, the
temperature being 62° Fahr., and the height of the barometrical column, 80
inches; and 7,000 Troy grains are equivalent to one pound Avoirdupois.
Thence it follows that a cubic foot of water would weigh 997:136 ounces.

To find the specific gravity of a solid heavier than water.—Weigh the body
both in airand in water; to the weight in air annex 3 ciphers, and divide by
the difference of weight.

To find the specific gravity of a solid lighter than water.—Attach to it
another body heavy enough to sink it, weigh severally the compound mass,
and the heavier body in water, and say: As the difference of weights lost in
water is to the weight of the given body in air, so is the specific gravity of
water to that of the given body.

To find the specific gravity of a fluld.—Weigh both in and out of the fluid a
solid (insoluble) of known specific gravity ; then say: As the weight of the
ggll(} to that lost in the fluid, so is the specific gravity of the former to that of

e latter.

The weight of a cubic foot of water at a temperature of 62°is 1,000 ounces
Avoirdupois, and the specific gravity of a body, water being 1,000, shows the
weight of a cubic foot of that body in ounces Avoirdupois. Then, if the mag-
nitude of the body be known, its weight can be computed, or if its weight be
known, its magnitude can be calculated, provided we know its specific grav-
ity; or of the magnitude, weight, and specific gravity, any two being known,
the third may be found.

.. To find the magnitude of a body from its weight.—Say, as the specific grav-
ity is to its weight in ounces, 80 1s one cubic foot to its magnitude in feet.

To find the welght of a body from its magnitude.—Say, as one cubic foot is
to its magnitude in feet, so isits specific gravity to its weight in ounces.

SPECIFIC GRAVITY OF SUBSTANCES,

NoTE—The specific gravity of any substance is equal to its weight in
grammes per cubic centimetre. (See table of metric weights and measures.)

Bpecthe | Welahee
o el t
Bubstance. Gravity. |ci. 1
Air, atmospheric; at 60° Fahr. under pressure of 1 at-

mosphere, or 14'7 Bs. per 8q. iN. ceeiccccrcnne .| 00123 0765
Alcohol, pure - | 793 49-43
Alcohol, of commerce . 884 52°10
Aluminum teseesretaestaneassassasananns rirecersnsesonsnneen|  2'6 16200
Anthracite coal ........ s esbrr et csree sanese sesenararesens [ I K1 93:50

Anthracite increases about 75 per cent. in bulk when broken to any

market size. A ton loose averages from 40 to 43 cu. ft.
Asphaltum ...... 14 873
Brass, cast 81 504-0
Brass, rolled...... 84 524'0
Bronze, gun-metal 85 5290
Brick, best Pressed .....oueeeeeiieenisaanneneecinnenn 1500
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WEIGHT OF CAST-IRON.

To find the approximate weight of a casting, multiply the weight of the
pattern by 20. pper is } heavier ; Lead, § heavier ; Brass, } heavier.

]
= Welghtof | Weightot || 52 Welght of | Weightof
3 gqg‘ s‘::"f_:‘ :“;:t a ?cng:e Bar(a Z}hr’t‘.ild Bar|| & ? g s‘:ﬂf_‘: ;{)& a ?t}:xﬁ;e Bar|a nuihﬂn Bar
. lon lon, 31 . lom 3
§25 | P | wme® | e §'§§ s | et | b
Yy 9375 195 ‘154 415 1687 6333 4971
3g 14:06 440 346 435 1734 66°86 5252
b 1875 . *781 *610 43 1781 70°52 5539
5 2344 1-221 959 4% 828 74:27 5834
8y 2812 1758 1-381 5 187°5 7812 6137
T 32:81 2'393 1-880 5y 1969 86-14 67°65
1 750 93°125 2455 5y 206°2 94:54 7426
13g 4219 3955 3107 53 2156 . | 1033 81°16
13 46-87 4883 8835 6 225'0 112°5 8836
135 5157 5909 4-640 6%y 234'4 122-1 9589
1Y% 56°26 7033 5523 6ln 243'8 132:0 1087
155 60°94 8253 6484 63 2531 142°4 1119
13, 6563 9572 7°518 7 262°5 1532 1202
1% 70°32 1099 8630 Yy 2719 1642 129:0
2 7501 1250 9-821 >y 2813 1758 1381
21 7970 1411 11-09 KEN 2907 1877 1474
2y, 84-40 1583 12°43 8 300°0 200°1 1570
23g 8907 17'63 13:85 81, 3094 2127 1670
21y 9375 19-54 15°34 8Ly 318'8 2258 177-3
25 98-44 2154 1656 83 3282 2393 1879
23y 103-2 2364 1856 9 337'4 2531 198'8
27 107°8 2584 2029 9, 346'8 2674 210°0
3 1126 2813 2210 9y, 3662 2821 2215
8% 1173 3052 23-97 93y 3656 297-0 233'3
3%y 121:8 33-01 2593 10 8750 8125 2455
33 1265 3560 2795 101 3844 3284 257°8
3 1312 3828 30°07 103, 3937 344'5 2706
3% 1359 41-07 3226 103, 4031 3612 | 2837
33 140 6 4395 84-51 11 412°5 3782 2970
3% 1453 - 46-93 3685 113, 4219 3955 3106
4 1500 5001 39-27 113, 431°2 4133 321°6
435 1547 5318 4177 113, 4406 4314 3388
4% 1593 5646 44 12 4500 4500 3534
4% 1640 59°82 4699

‘WEIGHT OF A SUPERFICIAL FOOT OF PLATES, DIFFERENT METALS, IN POUNDS.

Thick-
ness. Iron Brass, Copper. Lead. Zinc. Thickness.
Inches.
s 2'5 27 29 37 23 ‘0625 inches = 16 B.W. G.
i 50 | 55 | 58 | T4 | 47 | 1% ¢ =11
33 75 82 &7 | 111 70 | 8 0« =7 =«
i wo | 1o | e | 148 | 94 | B 0« =4 «
%, | 125 | 137 | 145 | 185 | 117 | 8B ¢ =1 «
82 | 150 | 164 | 172 | 222 | 140 | 375
7 | 115 | 192 | 200 | 259 | 164 | 4375
5| 200 | 219 | 229 | 205 | 187 | 5
9, | 225 | 246 | 257 | 332 | 211 | ‘562
8 | 250 | 274 | 286 | 360 | 234 | 6%
9, | 275 | 301 | 314 | 406 | 257 | ‘6875
37 | 800 | 320 | 343 | 443 | w1 | B
%, | %25 | 35 | 312 | 480 | 304 | 81%
7% | 350 | 383 | 400 | 517 | 328 | ‘87

375 | 412 | 429 | 554 | 31 | ‘937
1 | 400 | 439 | 458 | 501 | 375 | 1:000
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‘WEIGHT OF CAST-IRON PIPE PER FOOT IN POUNDS,

These weights are for plain pipe. For hautboy pipe add 8 inches in length
for each joiigxt when usin, thfs table. For copper add 4; for lead, §; I;f%r
welded iron add ¢, or multiply by 1-0667.

of Thickness of Pipe in Inches, \
in ,
mohes. | % | % | M| % | % | % | 1| 06|14 61 0%, 2
L (1o i
1 60| 6 .
1? 430/ 692 984
15, | 492| 784 111 ‘
27 | 553 876] 1213 | 162 r
a7 || 615 969 135 | 177 .
32 76| 106 | 148 | 19-2| 240 -
87 || 7371 115 | 160 | 20:8] 259 i
8| 798 125 | 172 | 223 27-7| 834 |
8% |l 921 143 | 197 | 254| 814] 377 b
4 103 | 161 | 222 | 285 351| 420 ‘
434 (117 | 18:0.| 246 | 81'5| 38:8| 463
5 1129 | 198 | 271 | 846 425 506
514 1114:2 | 21°7 | 295 | 877| 46°1| 549 ,
6 " [154 | 235 | 32:0 | 408 49-8| 59-2| 689
?4 166 | 254 | 345 | 43-8 535 635 738 844
178 | 272 | 869 | 46'9] 57-2| 678| 787/ 89-4
7% 191 | 291 | 394 | 500| 60-9| 72:1| 83-7] 955 1080
8" 1203 | 509 | 41'8 31| ei6 76+4| 88:6(101 |114 |127
814 (1215 | 82:8 | 44'3 | 56-1| 68:3| 80-7| 93'5(107 120 |134 148
97" 22:8 | 346 | 46'8 | 50-2| 72:0| 85'1| 984|112 |126 |140|155
914 [124°0 | 364 | 492 | 62:3) 7577| 89'3{108 |118 [132 |147]163
1077 (251 | 388 | 517 | 653| 79-4| 936|108 |128 |138 |164|170 | 202
11 276 | 420 | 56'6 | 71'5| 867/102 |118 (134 |151 |168185|220
12 [|30-0 | 457 | 61'5 | 777| 941111 |128 (1456 |163 |181|199 237|275
13 [|32:5 | 494 | 664 | 83-8(102 (120 (188 |156 |175 |195|214 254|204
14 [|35°0 | 531 | 714 | 894/109 (128 [148 |168 188 |208 271 (314
15 |137°4 | 567 | 763 | 96:1/116 (137 |158 |179 |200 |222|244 | 289|334
16 1391 | 604 | 812 [102 |124 (145 |167 190 |212 |285|258 | 306|353
17 [42.3 | 641 | 861 (108 [131 (154 |177 |201 249 273 | 323 | 373
018 [|4'8 | 678 | 91°0 [115 (139 |163 |187 |212 |237 |262|288
19 |47 | 71°5 | 960 [121 [146 (171 [197 |228 |249 |276|303 | 357|412
20 [497 | 752 {101 [127 |15 |180 234 |261 |289(317 |375 (432
21 |[522 | 789 (106 (133 |161 (188 [217 245 (274 |303 332|392 |452
22 (546 | 826 [111 [139 |168 [196 |227 |256 1286 |316|347 471
28 (571 ] 863 {116 [145 175 (206 |236 |267 330 | 362 | 426 | 491
24 1596 | 899 |121 (152 (183 214 |246 278 (311 |343|8375|44d |511
25 1620 | 936 |126 |158 (190 [223 (256 '269 323 |357 391|461 |531
26 [|64'5 | 97-3 131 (164 (198 |231 |266 300 |835 |370 406 | 478|550
27 (669 [101 [135 (170 |205 (240 |276 |311 |348 |384 421495570
28 (6944 [105 |140 [176 |212 [249 (286 {323 (360 |397 512 | 590
29 [[718 (109 |145 [182 [220 [257 (295 334 372 |411|450 | 530
30 7421112 |150 188 1227 |266 1305 845 [384 465 | 547 | 629
SHEET-IRON—AMERICAN MAKE.
Lbs. per - Lbs. per Lbs, - 8.
No. Squuer:‘:ml. No. Square l;‘oot. No. Square ‘;:o'.. No. Sqll‘ltm 'I‘F'e;ou
1 1250 8 686 5 281 22 125
2 12:00 9 624 16 2:50 23 112
3 1100 10 562 17 218 24 1:00
4 10°00 11 500 18 186 2 90
5 875 12 438 19 170 2 80
6 812 13 375 20 154 27 72
7 750 14 312 21 1+40 28 64
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WEIGHT OF WROUGHT - IRON.

The following table is for wrought-iron. Add 1% for weight of steel.
Multiply by 95 for weight of cast-iron,

Multiply by 1-02 for weight of steel.

Multiply by 1-16 for weight of copper.

Multiply by 109 for weight of brass.

Multiply by 1-48 for weight of lead.

Thickness  weight | Welghtofa | Weight of a | TMKRE)  weigne | Weight of a| Weightof s
Diameter ofa Square Bar | Round Bar Diameter ofa Square Bar{ Rouud Bar
in Square Foot.|1 Foot Long.|1 Foot Long‘l in Square Foot.|1 Foot Long.|1 Foot Loug.
TInches. Lbs. Lbs. Lbs. | Inches. Lbs. Lbs. Lba.
% sosz | 0526 | o414 | 4% | 1768 | eter | 506
2 1010 2105 | 1653 42 1819 | 6820 | 5357
2 1516 4736 | 3720 | 4 1869 | 7205 | 5659
Z 2021 8420 | 6613 | 4 2 1920 | 759 | 506
Z 2596 | 1316 | 1038 | 453 | 19.0 | 8005 | 6287
2 3031 | 18% | 1488 | 5 2021 8420 | 6613
% | 8537 | 2579 | 205 | 5y | 2122 9283 | 7201
4042 | 3368 | 2645 | 55 293 | 1019 8002
16 | 4547 | 4263 | 3348 | 355 | 224 | 1114 87-46
17 | 052 | o2 | 413 | 6 2025 | 1213 9523
1 | 5557 | 6368 | 5001 | ey | 2526 | 1316 | 1083
1 6063 | 758 | 592 | 6 2627 | 1423 | 118
1] | 6568 | 8893 | 6985 | 65 | 228 | 1535 | 1205
132 7078 | 1081 8101 | 7 2829 | 1650 | 129
[t 5 i
192 | s | 1rsd 9300 | 74 | 2030 | 1770 | 1390
2 8083 | 1347 | 1058 7 3031 | 1895 | 1488
2 8589 | 1521 | 1195 % | 32 | 2028 | 1589
2 %094 | 1705 | 1339 g 3233 | 2156 | 1693
: 2 9500 | 1900 | 1492 8, | 3334 | 2208 | 1801
gf 1010 | 2105 | 163 8% | 3435 | 2484 | 1911
; 1061 | 23921 | 1823 8% | 3536 | 2479 | 2025
: 2 me | 247 | 200 9 8 | 2728 | 2143
o | uee | 28t | 2187 o, | 3739 | 2882 | 283
128 | 3031 | 2381 | ot | 381 3040 | 2387
B¢ | 1263 | axe | B8 | off | 1 | s02 | 213
3 1814 | 357 | 2094 | 10 1012 | 3368 | 2645
: 2 134 | 883 | 3013 | 10 | 4143 | 339 | 279
y 15 | 4196 | 3241 135 ©1r1 | 3718 | 2016
5 | 1465 | 426 | 376 | 108 | 4345 | 392 | 3067
s} 116 | 4737 | 3w |1 446 | 4075 | 3201
3% | 1566 | 5057 | 3972 | 14 | 4547 | 4263 | 3318
1617 | 5389 | 4238 | 11 | 4648 | 4454 | 3198
g | 1667 | 5731 | 4501 | 115 | 47149 | 4650 | 8652
4 | 1718 | 608t | 4778 | 1 485 185 3800

‘WEIGHT OF WROUGHT-IRON BOLT-HEADS, NUTS, AND WASHERS,

Diameter of Bolt. |Hexagon Heads and Nuts.| Square Heads and Nuts. | Round Washers, Per
Inch. Per Pair. Per Pair. Pair.
01 20toa . 16 to a . 20toad,
0% 10 “ 81y ¢ 10 “
01y 5 410 “ 5 e,
% 2% “ 2]*2 “ 3 “*
03 27"« 0:56 1. 0631,
0% 077 088 077 «

1 1-2 “ 1.31 “ l 25 “
llh 1.75 3 2-10 “ 1‘75 “
1]“ 2.13 3 2~56 ‘“ 2.25 “
l% 3 " 3-60 ‘“ | 3~25 “
1% 875 ¢ 442 ¢ ' 405 ¢
15 475+ 570 595 ¢
18, 575 ¢ 7w« 650
17 7027 ¢ 872 ¢ 8
2 876 1050 ** 960 ¢
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-TABLE OF THE WEIGHT, IN POUNDS, OF ONE LINEAL FOOT OF WBOUQHT-
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WEIGHT OF 100 BOLTS OF THE ENUMERATED SIZES, WITH 8QUARE HEADS
b AND NUTS. *

IRON REQUIRED FOR ONE MILE OF TRACK.
TONS OF IRON.
RuLE.—T0 find the number of tons of rails to the mile, divide the weight ‘

per yard by 7, and multiply by 11.  Thus, for 56-pound rail, divide 56 by 7,
equal 8, multiplied by 11 equal 88 tons, for one mile of single track.

Weigh;&f“l‘!' ail per Tons per mile. iWelght‘.o:rdR‘ail per Tons per mile.

Lbs. Tons. Lbs. Lbs. Tous. Lbs.
12 18 1,920 45 70 1,600

14 22 48 7 960
16 25 320 50 78 1,280
18 28 640 52 81 1,600
20 31 960 56 88

22 34 1,280 57 89 1,280
25 39 640 60 94 640
26 40 1,920 62 97 960
27 42 960 64 100 1,280
28 44 65 102 32
30 & 30 | 68 106 1,820
33 51 1,920 70 110

35 55 { 72 113 320
40 62 1,920 76 119 960

SPLICES AND BOLTS FOR ONE MILE OF TRACK.
30 feet of Rail requires 740 Splices; 1,408 Bolts and Nuts.
% “ " 754 “ 1‘508 “ “
27 ““ “ 782 “ ],5{‘)4 " "
25
P2

“ “ 814 “ 1688 “
“ “ 880 « 1:760 “ . u
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WBRBIGHT OF RAILROAD SPIKES:

Size o Taches. 0 P20 K€8 o, per m, | Siseinnchess i Lol K5 No. pet B
" % 52 85 5% X 80 283
1o 3‘2 00 266 sg X 4 B 198
00X % w47 5 X 3 28 1
5 X % 488 82 6 X g0 o1
50X XM 3w 28 6 X 262 73
50X % w19 6 X % 1% 130
50X % 1M

WiBE.,

Multiply by 102 for weight of steel ; by 1-16 for copper; by 1-09 for brass.

American Wire Gaugé Birmingham Wire Gauge:

Diam. of Wire in| Welght of Iron Wire\| nyam of Wire in| Welght of Iron Wire

Inches. in lb"l,l;:';.“"“l inches, in 1bs, per Lineal Foot.
0000 *46 *561 *454 +546
000 *4096 445 *425 *479
00 *3648 *353 *380 *383
0 3249 280 *340 *306
1 2893 222 +300 *238
2 2576 176 284 214
3 2204 ‘139 +259 *178
4 2043 ‘111 +238 150
5 -1819 0877 220 *128
6 1620 *0696 *203 -109
7 1443 0652 *180 *0859
8 *1285 ‘0438 ‘165 0721
9 ‘1144 0347 *148 +0580
10 -1019 0275 * ‘134 0476
11 0907 0218 120 0382
12 *0808 +0173 °109 0315
13 : *0720 0187 095 +0239
14 0641 0109 0183
15 0571 +00863 072 0137 -
16 +0508 00684 0112
17 0452 00543 *058 +00891
18 03 +00430 049 00636
19 0359 00341 00467

ERRYBREBEIRVRBENS
]
8
8
=4
[
5
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TABLE OF THE WEIGHT OF CAST-STEEL, TWELVE INCHES IN LENGTH.

SQuare. Rounp.

Size. Welght. Size. Weight. Diam.  Weight. Diam, Weight, |
én. Lbs OI én. L{;é (1)6 3!; les. g;/ 6ln. ﬁ;i); !
&2)2 154 14 oﬁé 06 6‘2}: 121 10
0y o 7. 166 9 3;} T 010 7r 1308
Tors2 (ﬁ} L1708 o140 4

%1 114} e 05... 18 7)... 0
Ve 2% g 5 a1z | 100 211 gr
4. 4569 | 84 28L7 | 1% 36
1% 55 82 2510 | 15 4 1y : ‘
Bio. 6.7 53 260 5 | 15 .. 5 1 - |
0 1 9 o6 | 14 60 g
B2 90 T 290 14 1:} 71 9y L o
12 10 255 | 92 30613 12 sy | T
120 $3 . 3214 | 194 9 o 52 . 25313
2% 1310 1000 3000, 250 10 |10 %70
26 15 oy | 104 s 47| 2l 12 652 | 1034 - 280 8
32 LI el e gl | 24l 100 . 294 6
t 19 3 105, . 3215 292. 15 8 105 . 308 8
212 91 4 weloamq gf 17 3 g - R
25& T3 Wy 430 5 | 22 81 1y 36
25 T 951134 | 113 L 449 11 b Loy | T w2
272 . 28 9 18 . a9 7 | 9% L 2212 1157 . 86810
S 0| g tmod | e oeimg |y B8
'«;f %15 13207 51410 | s e 47 | 1800 41 4
32 7 3811 1815 1 619 10 332 50 2 1834 . 48 9
310 411088 | 14 666 357 1 3214 W23 o35
50 4411 MY T4 | 3520351 143 0 561 6
"ER SRR LR EIE BRI R
3% " 5% o 64 7.
beo M| e BE | BT RY o B4
4 e
4§ 61 1770 98210 | 4dif . 48 4 7o
420 65 1 Ing 104 4 432 o5l 2 17% . &7l
47 e 14 Y0010 | 430 511 18727 851
#1212 18%..1,163 0| 80 57 2 18% . 01313
#900 1612 | 197 12 600 60 4 | 197 L 96314
44 8013 g il | 400 @ s 1934 o 1,015 4
5° .80 T 1360 0 | 5. 6612 207 71068 0
34 . 89 5 my, TT429 4 | 5% 0 2 201 o 1122 1
g o 9312 21° L9 7| 5 7810 21 11T G
5 . 98 4 2114 - 1571 10 Zé LT 2 2134 1234 4
S| BEUAY) T Re ) EETim
55 .. T 214 .. 1,351 12
¥4 112 8 232 1179810 | 5% o 88 4 237 1412 7
5% 1711 231 187710 | 554 .. O 7 2314 U412
60 12 7 207 1958 6 | 6 .. 96 2 247 15538 0
6% . 132 13 6 104 4
‘WEIGHTS AND SIZES OF CUT-NAILS—COMMON NAILS.
- Len; Number of Tength Numberof
Name. Inchg:. Nails per Ib. Name. Inches. Nails per o
2 penny 716 10 penny 3 66
3" “ fine, 11/ 626 |l12° 3y 50
| @i 5|8
5 w ;3 210 10 5%
6 63 ||50 « 5%
7 2/ 123 60 “ 6
g 212 93
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WIRE ROPES.

Wire ropes for colliery use are made of either iron or steel, and are gener-
ally round. Flat wire ropes are sometimes used, but the round rope Is the
favorite for many reasons, and is almost invariably used in American prac-
tice. Therefore we will confine this portion of our Pocket-Book to round wire
ropes of iron or steel.

'aper-ropes are sometimes used, the idea being to produce a rope of uni-
form strength, that is, to have it less strong and of less diameter at the cage-
end, where the load is least, and greater in strength and diameter at the drum-
end, where the load is greatest. The theory is correct, and some weight of
mg)ee is saved, but practically there is not much advantage, and it is doubtful
whether taper-ropes will ever be used as a feneral thing at collieries. The
long-established conviction that the best of all ropes for colliery use is a round
orﬁal 1§eade of steel or iron, has never been overcome, and it is safe to say never
W 3

Steel ropes are in some respects superior to iron ropes, and are therefore
gaining in favor every year. The principal advantage is that the rope has a
greater strength with a less size, consequently there is less weight, and it can
pass round pulleys and drums with less injury.

In fastening a rope to a drum there is often a grievous error made. Men
that will not think of passing a rope round a pulley of too small diameter
will insert it in the drum-rim in such a wag as to make a very sharp curve, and
make & weak point in the rope that would not otherwise exist. The follow-
ang cuts show the right and the wrong way of passing the rope through the

ram-rim. .

The Wrong Way. .The Right Way.

The securing of the rope to the drum or the drum-shaft by several coils
around each is unnecessary. With one coil around either the drum or the
shaft, & pull of 1 b. will resist a weight of 9 Ibs.: if two coils, a pull of 11, will
resist 9 X 9, or 81 ; if three coils, 9 X 9 X 9, or 729, and so on, multiplying the
former result by 9 for each additional coil.

In laying out the pogition of the engine at a shaft, a distance of 30 yds. from
the head-sheave to the drum will be found to answer best. No rope should be
subjected to a load greater than thesafe working-strain, There is, of course, in
all cases & wide margin between the breaking-strain and the working-load, and
on this account it is supposed that no risk is run by putting on a load consid-
erably in excess of the maker’s safe working-strain. This is a mistake, and
it is false economy. A rope overloaded is unduly strained, and, although
showing no defect at the moment, it will some day give way without wnminf.
Drums and rope-pulleys should have as great diameters as the engines will
allow. Ropes should be regularly and_properly greased. This can best be
done with brushes, but brush-greasing takes considerable time. While it pays
in the long run, it is not always convenient to use brushes, A fairly good and
cheap arrangement for greasing ropes is to makea wooden trough, wide at
top, and small enough at bottom to fit loosely around the rope. Make a mix-
ture of 1 barrel of coal-tar or pitch-tar to 1 bushel of fresh-slacked lime, and
mit g(;,ll. Then fill the trough with this mixture and run the rope slowly

Y t.

A rdgpe should not be changed from a large drum to a small one, for it will
not work so well, neither will it last as long. This is also true, but in a
lesser degree, of ropes changed from a small drum to a large one. After hav-
ing been used for some time on a drum, the rope adapts itself to that diameter,
and resents a change. Rope-sheaves should be made to fit the rope, and
should be filled in with well-seasoned blocks of oak or other hard w set on
end. This will save the rope and increase adhesion,

.
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To find the minimum diameter for a drnm or sheave.—Let tho circumferencs
of the rope in inches cqual the diameter of the drum or sheave in feet.

To find the maximum diameter for a drum or sheave.—The circumference of
the rope in inches, multiplied by 2 = the maximum diameter of drum or
sheave in feet. .

Wire rope is made with efthet hemp or wire center. Hemp centet is more
pliable than wire and will wear better where there are shert bends.

WEIGHT AND STRENGTH OF ROPES,

€ = Circumference of rope in inches,
L Working-load of rope in tons.
8 = Breaking-strain of rope in tons.
W -= Weight of rope in bs. per foot.
C=4/% L=0Xki8=0X2;W=Cry,0r W =Lex
Table of Values of k, 2, y, and 2.
Description of Rope. k l X y 3
Tron wire rope 290 | 180 ‘145 483
Steel wire rope.. *450 2:80 ‘148 ‘318
Common hemp. ‘032 ‘18 ‘08 100
Best hemp .... 108 65
White Manilla . 045 27 0295 658
EXAMPLES.

le}at is the circumference of a steel rope to stand & working-load of 6%
ns?

C = % or Circumference = —(i,—:—:o or 375 in., or 334 in,
What is the working-load of an iron wire rope 2 ins. in circumference?
L = C2 X kor Load = 2% X ‘200 = 1°16. tons.
What is the breaking-strain of the same rope?
S = C? X z or Strain = 22 X 1'80 = 7-20 tons.
What is the weight per foot of a steel wire rope 3 in. in circumference ?
W = C2 X y or Weight = 37 X ‘148 = 1'38 + Ihs. or W = L X z, or Weight =
the working-load in tons multiplied by 0-318. ‘

TABLE OF WORKING-STRENGTH OF ROPES IN TONS.

! Hemp. Wire. Hemp. Wire.

Circum. ! - — Circum.

Inches. + ommon.| Good. | Tron. | Steel. Inches: | Gommon.| Good. | Trom. | Stect
1 T032 046 | 29 45 | 43 ‘078 ‘831 | 524| 813
1y . 0% 072 *4b 770 ¢ 415 €48 ‘932 | 587 911
1L, 072 104 65 | 101 43 ‘722 110381 6541015
13y ‘098 ‘141 ‘89 | 1-38 b ‘800 1°150 | 7'25|11'%
2 128 7184 | 116 | 1-80 bly ‘968 1 1:392 | 877 | 1861
21, 162 233 | 1147 | 2°28 6 14152 |1'656 | 10'44 | 160
2y -200 288 | 181 | 281 61y 1-3562 | 1944 : 12:25 | 1901
234 242 ‘348 | 219 | 3:40 7 1568 |2:254 | 14°21 | 22:¢5
3 +288 *414 | 261 | 4°05 Ty 1800 |2'588 | 1681 | 2531
3l *338 ‘486 | 306 | 475 8 2:048 |2'944 | 18'56 | 28'
3ly 392 564 | 856 | H51 81y 2812 | 3324 | 20°95 | 3251
33, 450 ‘647 | 408 | 633 9 2692 |3'726 | 28'49 | 86'45
4 *512 ‘736 | 464 | 7°20 10 3200 | 4:600 | 29°00 | 45°00

The above table is calculated for wire ropes with wire center.
has a hemp center, deduct 10% from the working-strength.

=
g
2
B
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TABLE OF WEIGHT OF ROPES IN LBS. PER FOOT.

roum, Hemp. Wire. Ciroum Hemp. Wire.

Tnohes.| Common. | Good. | Irom. | Steet, | 0| Coon | Good, Iron. | Stea.
1 K 04 145 148 || 4y, 541 723 2:629 2673
1% *0467 | 0633 231 ‘608 810 2'936 2997
11y ‘0683 | 09 327 333 || 434 677 903 3271 339
134 ‘0916 | 1233 443 455 5 750 100 3625 3700
2 ‘12 160 *580 593 || 5l 908 121 4386 4477
AN 152 203 733 751 6 1-08 144 512 5328
2 188 260 906 *9267| 614 1268 1-69 6126 6253
28 227 | *303 1096 | 1-121 7 1470 196 7105 7252
8. 270 | -360 1-3056 | 1335 T 1688 2:25 8156 8325
3, 317 || 428 1531 | 1567 || 8 1-920 256 9-280 9472
By -368 *490 1776 | 1'816 81 2175 2:89 10°476 | 10693
3By 421 563 2:038 | 2:087 9 2430 324 11-745 | 11-988
4 *480 *640 2320 | 2:373 || 1 300 4:00 5 148

NotEe.--These weights are calculated for wire roj with wire center.
Ropes with hemp center weigh about 10% less. pes

WIRE-ROPE SPLICING AND FASTENING.

The splicing of wire ropes in a first-class manner, has always been rce
of trouble to colliery officials. The following directions for %oin thsisso »:/lork
g;e by Li(]em? '{ly E. H\;gsl;es r?:ﬁ Scrultlttlg!;. Pa., p:l;id J tll} Stone, of Worcester,

ass., who jointly spent several mon n pre) n e T, 80 &8 to have
it in plain and concise terms. P € ) pape

SPLICING.

The tools required will be a small marlin-spike, nipping cutters, and either
clamps or a small hemgzope sling with which to wrap around and untwist
the rope. If a bench-vise 18 accessible, it will be found very convenient for
holding the rope.

In splicing rope, a certain length is used up in making the splice. An
allowance of not less than 16 feet for 14-inch rope, and proportionately longer
for ]a;ﬁr slzes, must be added to the length of your en&)less rope in ordering.
tully, the lmngth the Tope

y, the le: e rope .
shouid be aftersplicin , and P!—*?_j
marked the points and A
M, Fig.1, you unlay the
strandg from each end E Fig. 1.
and to M and M and
cut off the center at Mand M, and then :

First. Interlock the six unlaid strands of each end alternately and draw
. them ther so that the points M and M’ meet as shown in Fig. 2.

Second. Unlay a strand
from one end, and following
the unlay closely, lay into
the seam or groove it opens, M
thestrand o] teit belong-
ing to the other end of the

rope, until within a length M
equal to three or four times
the length of one lay of the Fig. 2.

rope, _and cut the other .
strand to about the same length from the point of meeting, as shown at 4,

Fig. 8.

Ig'hird. Unlay the adiacent strand in the opposite direction, and following
the unlay closely, lay in its place the corresponding opposite strand, cutting
the ends as described‘ before at B, Fig. 8. ’ .

You havenow four strands laid in place terminating at 4 and B, with the
eight remaining at M M’, as shown in Fig. 3. A .

t will be well after laying each pair of strands to tie them temporarily a¢
ihe points 4 aud &,
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Pursue the same course with the remaining four pairs of opposite strands,
stogping each pair about
eight or ten turns of the
m;ge short of the preceding
pair, and cutting the ends
as before.

You now have all the

strands laid in their proper Flg ;x
places with their mgecuve i
ends passing each other, as

shown in Fig. 4.

All methods of rope-splicing are identical to this point; their variety con-
sists in the method of tuck-
inftheends. Theonegiven
below is the one most gener-

ally practiced.

It now remains to secure 3 0 03
the ends. Clamp the rope
either in a vise at a point Fig. 4.

to the left of 4, Fig. 4,
and by a hand-cia.mp applied near 4, open up the rope by untwisting
suﬂ.icientz to cut the core at 4, and seizing it with the nippers, let your
assistant draw it out slowly, you following it closely, crowding the strand in
its place until it is all laid in. Cut the core where the strand ends, and
push the end back into its place. Remove the clamps and let the rope close
together around it. Draw out the core in the opposite direction and lay
the otherstrand in the center of the rope, in the same manner. Repeat the
operation at the five remaining points, and hammer the rope lightly at the
points where the ends pass each other at 4, 4, B, B, &c., with small wooden
mallets, and the (siplice is complete, as shown in Fig, 5.

If a clamp and vise are

not obtainable, two ro x ,
slings” and” shirt wooden R
levers may be used to un- 7
twist and open e‘g) the rope. Fig. 5.

A rope spliced as above
will be nearly as strong as the original rope, and smooth ev'eelxwhele. After
running a few days, the splice, if well made, cannot be pointed out except by
the close examination of an expert,

WIRE-ROPE FASTENINGS.

Thimble spliced in, ordinary style, is shown in Fig. 6. In this method, the
wires, after being frayed out at the end and

the rope bent around the thimble, are
laid snugly about the main portion of the -
rope and securely fastened bg wmrping with
stout wire ; the extreme ends which project
below this wrapping being folded back, as

shown at a. .
Another style of thimble-splicing is shown Fig. 6.
in Fig. 7. In this case the strandsare inter-

locked as in splicing, and the joint is
wrapped with wire as in the former method.
The socket-fastening is shown in Fig. 8.
The hole in which the rope-end is fastened

is conical in shape. The rope is generall
secured by fraying out the wires at the end, Fig. 1.
the interstices being filled up with spikes

driven in tightly. The whole is ﬁnalliy
cemented by pouring in molten Babbit
metal. This makesa much neater fastening
than either of those shown in Figs. 6 and 7,
but it does not anything like as Fig. 8.

much strength,” But thimbles Foasem a seri-

ous disadvantage. The thimble is usually made of a piece of curved metal
bent around into an oval shape as shown in Figs. 6 and 7, with the groove,
in which the rope lies, outside ; the ends coming together in a sharp point at
%, When weight is placed on the rope, the strain on the thimble is apt to
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cause one end to wedge itself beyond or W" the other, and with its shaxp
edge it cuts the strands in the splice. Mr. Willilam Hewitt, of Trenton, N. J.,
while testing the strength of ropes, recently, discovered this tendency,
and experimented with sockets with the idea of devising some method of
fastening the rope securely in the socket. He found that by adopting the
following plan he secured good results :

The wires, after being frayed out at the end, were bent upon themselves in
hook-fashion, the {)rougs of some being longer than others, so that the bunch
would conform to the conical aperture of the socket, and the melted Babbit
metal was finally run in as usual, The rope was subjected to a strain of
over 129,000 1bs., and the wires in the socket were unaffected. The simplicity
of this method commends itself to practical men,

CHAINS.

The links of iron chains are usually made as short as is consistent with easy
play, so as to make them less liable to kink, and also to prevent bending when
wound around drums, sheaves, etc.

The strength of chains varies, owing to the nature of the iron from which
they are made, and their mechanical construction. The following table is
approximately correct for ordinary iron chains. -

TABLE OF WEIGHT AND STRENGTH OF CHAINS,

Diameter Y o 7} Diameter
of Rod of | Welght off of Rod of | Welght of

Chain per] Working- | Breaking- Chain per ‘Working- | Breaking-
Zihni:‘: :hrs Rnnnhl:; Bu'engl:ﬁ. Stn{n.‘ z::nl:: :‘: . Bunnlzz suen‘lt‘{. Strain.
Nade. Foot. || Made. Foot.
Ins. | Lbs. “Tons. | Toms. | Inm Lbs. Tons. Tons,
Hs *325 ‘19 71 926 571 2200
Yy *579 ‘36 137 4 1% 117 72 26:44
5 904 45 214 1 145 900 32:64
3% 1-30 -85 309 134 17°5 10°80 3942
%e 178 109 420 | 1 208 1800 47:60
lé 281 143 550 ' 1% 244 1524 5514
A 298 180 696 1% 284 1765 6397
A 862 223 858 || 1% 326 2027 7344
e 438 2770 10-39 2 37°0 2310 8355
% 521 321 12:36
611 3:80 1442 |
7% 710 440 1680 |
185 814 500 1932

Chains of warranted superior jron will stand 25% more strain before
breaking.

FELEMENTS OF MECHANICS.

In this department we propose to treat only of the elements of machinery.
All machinery, however complicated, is merely a combination of the
elementary forms, viz.: the lever, the wheel and axle, the inclined plane, the
wedge, and the pulley; and these six can be still further reduced to the lever
and the inclined plane. They are termed powers, but they do not produce
force ; they are only methods of applying and directing it.

The law of all mechanics is: . .

The power multiplied by the distance through which it moves, is
equal to the weipht multiphied by the distance through which it moves.

Thus, 20 bs. of power moving through 5 ft. = 100 Bs. of weight moving
thmugﬁ 1ft,

, LEVERS. .

There are three classes of levers, They are: I. Power at one end, weight at
the other, and fulcrum between; II. Power at one end, fillcrum at the other,
and weight between ; III, Weight at one cnd, fulcrum at the other,and power
between,

]
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The handle of a blacksmith's bellows is a lever of the first class. The hand
is the power and the bellows the weight, with the pivot between as the ful-
crum. Anoar is a lever of the second class. The hand is the power, the boat
the weight, and the water the fulerum. The treadle of a sewing-machine is
a lever of the third class. The foot is the power, the hinge at the back of the
foot is the fulcrum, and the movin%of the machinery is the weight.

Theleveris in equilibrium when the arms balance each other. The distance
through which the power and the weight move depends upon the compara-
tive length of the arms. Let Pd represent power’'s distance from the fulcrum
(F,) and Wd weight's distance; then if Pd is twice Wd, the power will move
twice as far as the weight. Substituting these terms in the law of mechanics,

we have
PXPd=WXWd,orPd: Wd : W:P.

In first and second-class levers as ordinarily used, we gain power and lose
time; in the third-class we lose power and gain time.

PRACTICAL ExaMPLE.—Having a weight of 2,000 bs. to lift-with a lever, the
short end of which is 2 ft. from the fulcrum and thelongend 10 ft., how much
power will be required ?

Pd:Wd :: W:P,orl0:2 : 2,000 : 400 Ibs.

The pound lever consists of
several levers so constructed that
the short arm of the first acts on
the long arm of the second, and
80 on to the last.

If the distance from A to the
fulecrum be four times the dis- Compound Lever.
tance from the fulecrum to B, then a power of 5 bs. at A will lift 20 s. at B.
If the arms of the second lever are of the same comparative length the 20 fe.

wer obtained at B will exert a pressure of 80 bs. on E; and, if the

ever has the same comparative lengths, this 80 bs. at E will 1ift 320 s at G.
Thus a power of 5 s, at A will balance a weight of 320 bs. at G. But, in
order to raise the weight one foot, the power must pass through 332, or 64 feet.

The wheel and axle is a modification of the lever. The o windlass is

a common form. The ?wer is applied to the handle, the bucket is
weight, and the axis of the windlass is the fulcrum.
The fong arm of the handle is the lever, and the
short arm i8 the semi-diameter of the axle. Thus, O
is the fulcrum, O A the long arm, and O B the ghort
arm. The wheel and axle the advantage that it
is a kind of perpetual lever. We are not obli to
prop up the weight and readjust the lever, but both
arms work continuonslf.

By turning the handle or wheel around once, the
rope will be wound once around the axle, and the
weight will be lifted that distance. Applying the
law of mechanics, we have power X the circumfer-
ence of the wheel — the weight X circumference of
the axle; or, as the circumference of circles are pro- Fig. 2
portional to theirfradii, we have "

P : W = radius of the axle : radius of the wheel.

Wheelwork consists of a series of wheels
and axles which act upon each other on the
principle of a compound lever. The cogs on
the circumference of the wheel are termed
teeth, on the axle leaves, and the axle itself a
fmton. If the radius of the wheel F is 12

nches, and that of the pinion 2 inches, then
a power of 1. will apply a force of 6 s. to
the second wheel E. If the radius of this is
algo 12 inches, then the second wheel will
apply a force of 36 bs. to the third wheel,
This, acting on its axle, will balance a W of
216 lbsi In rgtder'to l:{(l)‘wevreir, iui lift this |
amount, accordin e prineiple alread;

named, the weiggt will ogly pa’is througg Fig. 3.

n’g grl;ghteh idist».nce ‘if the power, hThmi' power is ned and speed lost. To

S we a) er
power, gain ape edl.)p y power to the axle, and, with a correspondingly heavy
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The ineclined plame.—The rincigle of the inclined plane is that we gain

power and lose time. With an In-

clii;:a&i plane a cert:a.h:i ilotlwl clg,ni l): ¢
ra; to any perpendicular he
with less power than it can beli!%ed
vertically. In the annexed cut we
see that the power must descend a
distance equal to A C in order to _ele- A
vate the weight to the height B C.
Applying the law of mechanics, we

have P X length of the inclined plane Fig. 4, -

= W X the height of the inclined plane, or P : W :: height of inclined plane
: length of inclined plane, or P == W X the sine of angle of inclination.

To find the weight req}n:ired to balance any welfht on any inclined plane.—
Multiply the given weight by the sine of the anf e of inclination,

Thus, to find the weight required to balance a loaded car weighing 2,000 fe.
on a 751ane pitching 18°, we multiply 2,000 by the sine of 18° or 2,000 X
-3090170 = 618034 b,

Or, if the length of the plane and the vertical height is q‘lven multiply the
load by the quotient of the vertical height divided by the ength.

Thus, if your plane is 300 ft, long and rises 92'7 ft., and the load is 2,000 bs,,

the formula is as follows:—2,000 X —%& = 618+.

These rules are theoretically correct, but in practice, allowance must be
made for friction.

To find the horse-power required to hoist the same load up the samé plane
in a given time, say one minute, the rule is.—Add to the weight of the load,
the weight of the rope, divide the sum by 88,000 (or the number of pounds i
horse-power will raise 1 ft. high in 1 minute), and multiply the quotient by
the vertical height to be overcome.

Thus, assuming that the rope will weigh 500 Bs., the load at starting be-

comes 2,500 s. Then %5330 X 927 = 7+ horse-power.

To this should be added about 80% for contingencies, friction, ete.

The screw consists of an inclined plane wound around a cylinder. The
inclined Klane forms the thread, and the cylinder the body. It worksina
nut which is fitted with reverse threads to move on the thread of the screw.
The nut may run on the screw, or the screw in the nut. The power may be
applied to either as desired by means of a wrench or a lever.

hen the power is applied at the end of a lever, it describes a circle of
which the lever is the radius. The distance through which the power 3
is the circumference of the circle; and the height to which the weight is
at each revolution of the screw, is the distance between two of the
threads. Applying the law of mechanics, we have P X circumference of
circle = W X intervals between the threads, or
P : W :: interval : circumference.’

Thg‘gower of the screw may be increased by lengthening the lever or by
diminishing the distance between the threads.

The wedge usually consists of two inclined planes Klaced back to back. In
theory the same formula applies to the wedge as to the inclined plane, viz.

P : W :: thickness of wedge : 1éngth of wedge.

In practice, how%vrtir,d thisibyhno tllxlleans aﬁ:o}mtis for its
prodigious power. ction, in the other mechanical powers,
ma\gﬁ'ully g?mkﬂshes their efficiency; in this it is essential,
since, without it, after each blow the wedge would fly back
and the whole effect be lost, in, in the others, the power
is anlied as a steady force; int it is & sudden blow and is

ual to the momentum of the hammer,

he pulley is simply another form of the lever which
turns about a fixed axis or fulcrum. It consists of a wheel,
within the grooved edge of which runsa cord, Force may
be transmitted from one point to another either by pushing
with a rigid bar, or by pulli::)ﬁ with 8 flexible cord. The
advantage of the latter method is that the direction of the
force may be changed. This is accomplished by a single
fixed pulley, asshown in Fig. 5. Here there can be no gain Fig. 6
of pawer of speed, as the hand P must pull down as much as
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the weight W, and both move with the same velocity. It is«simply a lever
of the first class with equal arms,

Movable pulley.—A form of the single pulley, where it
moves with the weight, is shown in Fig. 6. In this one-half
of the barrel is sustained by the hook, while the hand lifts the
other. Since the power is only one-half the weight, it must
move through ce the space; in other words, by taking
twice the time, we can lift twice as' much. Here power is
gained and ime lost.

Fige.

Combination of pulleys.—(1) In Fig. 7 we have the W sustained by three
cords, each of which is stretched by a tension equal to the P, hence 1 b. of
power will balance 3 bs. of weight. (2) In Fig. 8, the power will in the same
manner sustain a W of 4 ts., and must descend 4 inches to raise the W one
inch. (3) In the cord marked 1, 1 (Fig. 9), each part has a tension equal to
P; and in the cord marked 2, 2, each part has a tension equal to 2 P,and so
‘on wiIEh the other cords. The sum of the tensions acting on W is 16, hence W
=16 P.

Fig. 7. Fig. 8. . Fig. 9.

Fig. 10 represents the ordinary ‘‘ tackle block ’’ used by mechanics.

In all combinations of pulleys, nearly one-half the effective force is lost by
friction. In most of the forms in use, the W is equal to the P multiplied by
twice the number of movable pulleys.

NoTe.—In the foregoing formule, ete., friction i8 not considered, the idea
being to give readers an elementary knowledge of the principles of the ele-
ments of mechanics.

FRICTION.

Friction is the resistance caused by the surface over which a body moves.
1t is of two kinds, sliding and rolling. If the surface of a body could be made
perfectly smooth there would be no frictjon; but, in spite of the most exact
volish, the microscope reveals minute projections and cavities. We fill these
with oil or grease, and thus diminish friction. Friction, between different

ies, varies curiously.

Since no surface can be made perfectly smooth, some separation of the two
bodies must, in all cases, take place in order to clear such projections as exist
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on the surfaces. Therefore friction is always more or less affected by the
amount of the perpendicular pressure which tends to keep them together.

The ultimate friction is the greatest frictional resistance that a body sliding
over the other is ca.gable of (:Bpoeing to any sliding force when at rest.

The proportion which the ultimate friction in a given case bears to the per-
pendicular fressure is called the eoefficient of friction. The coefficient of fric-
tion is usually expressed in decimals; but sometimes, as in the case of cars
and engines, it is expressed in pounds (of friction) per ton.

The coefficient of friction equals the ultimate friction divided by the per-
pendicular pressure, and the ultimate friction equals the perpendicular pres- °
sure multiplied by the coeflicient of friction.

Thus, if zg have a block weighjng 100 bs. standing on another block, and
it takes 35 Ibs, pressure to slide It, then the coefficient of friction = %, or *35.

TABLE OF COEFFICIENTS OF FRICTION OF SMOOTH, CLEAN, AND DRY PLANE

SURFACES.
Materials. Coefficients of Friction.
Oak on oak 40
Wrought-iron on 0ak ........ceeieeiiccciincnnncnne . 62
gmu(gtgn on m;al: iro : T4
n on wrought-iron .. . .

W ht-iron on brass.......cccceeovceneniiiiiennn 17
Cast-iron on cast-iron 15
Cast-iron on Drass......uceeeeceiiiirinrennencnieenens . 15
Steel on CASL-IrON ....cccu v . 20
Steel on steel . . ‘14
Steel on brass........ SRR . 15
Brass on cast-iron.......... . 22
Brass on wrought-iron.. ‘16
Brass on brass ..................... . 20

The above coefficients are only approximate, for the coefficient will vary
with the intensity of the pressure and the velocity; and also with the con-
ditions of the atmosphere. But they are correct enough for practical purposes.

The friction of liquids moving in contact with solid bod‘i)es is independent
of the pressure because the forcing of the particles of the fluid over the pro-
jections on the surface of the solid body is aided by the pressure of the sur-
rounding particles of the liquid which tend to oecupf the places of these
forced over. Therefore the coefficients of friction of liquids over solids do
not correspond with those of solids over solids. The resistance is directly as
the area of surface or contact.

TABLE OF COEFFICIENTS OF FRICTION OF SMOOTH PLANE SURFACES, PERFECTLY
LUBRICATED WITH TALLOW.

-
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COEFFICIENTS OF FRICTION IN AXLES.

Axle. Bearing. Ordinary Lubrl L Ce
Bell-metal ......... 097 \
. Bell-metal ......... 07 ‘049

Wrought-iron..., Bell-metal . 07 05
ICast-iron .....eeeee. 07 06

Cast-iron ..... . 07 05

...Lignumvit® ...... ‘10 .

Wmught-imn...*Lignumvitm 12

Friction naturally varies with the character of the surfaces, lubrication, and
the nature of the lubricant, The best lubricants for the purposes should
always be used, and the supply should be regular. When machinery is well
lubricated, the lubricant keeps the surfaces apart, and the frictional resistance
becomes very small, or about the same as the friction of liquids.

FRICTIONAL RESISTANCE OF BHAFTING,

Let K = Coefficient of friction.

Let W = Work absorbed in foot-bs,

Let P = Weight of shaﬂ:lngbzgd pulleys + the resultant stress of belts.
Let H = Horse-power absorbed.

Let D = Diameter of journal in inches,

Let R = Number of revolutions per minute.

Then:
ORDINARY OILING, CONTINUOUS OILING.
W=-0182XPXD; ‘0112 X P X D,
= 000000556 X P X D X R; +000000339 X P X D X R.
K = '066; ‘044,

As a rough approximation, 100 feet of shafting, 8 inches diameter, making
120 revolutions per minute, requires 1 horse-power.

COLLIERY MANAGEMENT.
PROSPECTING.

The progpector should have a good general knowledge of the coal-bearing
strata, and should be a very observant man. He should know the nature of
the rocKs of the earboniferous era, and should know, from the nature of the
ledgeg‘ exposed, whether to expect to find coal or not, without much other
searching.

The coal was formed during what is geologically known as the carbonifer-
ous period, and is therefore only found interstratified with the rocks of that
age. These rocks are sandstones, shales, conglomerates, and occasionally
limestones; and they are so similar to the rocks of the Devonian and Silurian
ages (both older formations) that they cannot be distinguished except by the
fossils. For a description of these fossils, the reader, not familiar with tﬁem.
must consult some elementary geology; for such a description of them as
would be necessary to familiarize him with their various forms and appear-
ances would take up too much space in a volume such as this.

Therefore, assuming that the reader has either a practical acquaintance of
coal geology or has a theoretical knowledge of it, we will pass on to the prac-
tical work of prospecting. When the gresence of coal is suspected in a tract
of land, a thorough examination of the surface and a study of the exposed
rocks, in place, may result in the immediate discovery of coal, or in tive
proof of its absence; or it may resultin still further increasing the doubt or
the belief that it does exist.c The first procedure in pmspeotingatract of land
is to thoroughly traverse it, and note carefully any traces of smut, and all
outcrops of every desoription, and whenever possible take the dip, and the
course of the crop, with a pocket-compass. These outcrops are frequently
more readily found along roads or streams than nug place else on the tract.
In traveling along the streams the prospector shoul y particular attention
to its bed and banks to see whether there are any small particles of coal in the
bed of the stream, or any smut exposed along the washed banks, If small
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Ppieces of coal are found in the stream a search up it and its tributaries will
show where the crop from which the find came, is located. When the ravines
and valleys are g0 filled with wash that no exposures are visible, and nothing
is gained by a careful examination of them, the prospector must rely on top-
ographical features to guide him. In this connection the following from
Keport A C, Pennsylvania Geological Survey, by H. M. Chance, is perhaps as
complete a guide as has been written: “The topographical features which
denote the presence of a bituminous coal-seam are easily re: d by any
one familiar with the uliarities of coal-measure topography. The most
prominent of these is the bench or terrace which almost invariably occurs at
the outcrop. The soft coal-seams, encased in harder rocks, are easily and
rapidly eroded, and produce, by their rapid disintegration, & series of benches
following their lines of outcrop. But, as every hard stratum will also pro-
duce a terrace of some kind, it i8 necessary to have some means of distin -
ing a coal-terrace from a bench marking the outcrop of some other stratum.,
In the bituminous coal- ns, where the seas lie in the hills, with very
slight, almost imperceptible dips, the site of a coal-bed is nearly always
indicated by springs loaded with iron, which is deposited in ochery
upon the stones and vegeet&asble matter over which the water flows. In the
Anthracite regions the , being hifhly inclined, rarely furnish such an
indication of their presence, except in the sharply-cut gaps and ravines
eroded across the hills in which the coal occurs,

*“The anthracite coal-terrace is often a well-marked bopograg)hical feature,
but in many localities the site of the outcrop is not marked by any distinet
bench or terrace, and surface examinations fail to disclose any important
features. In tracing a coal-terrace the breadth is always affected by—

1. The thickness of the seam.
2. The dip of the bed.
. 8. The slope of the ground.

“When the bed dips info the hill, the terrace is broader than when the pitch
is in an opposite direction, and when the surface slope is gentle, the terrace is
generally broader than whcre a steep contour prevails.

¢ A good conception of the direction and strength of dip may be obtained by
tracing a teirace for some distance and carefully noting its deflections from a
straight line, and the relations of these to the contour of the ground. If the
variation occasioned by a depression is toward the foot of the hill, the coal
dips in the same direction with the slope of the ground, but if it runs in
towards the top of the hill the reverse is true.”

The terrace, or bench, having been determined, the next procedure is to dis-
cover on it some trace of coal. This trace may be found in the soil adhering
%o the roots of an overturned tree, or in the earth turned up at some animal’s

UITOW.

When the presence of coal is thus detected, or if the indications otherwise
are favorable, trinl-trenches or shafts may be commenced. These trenches
or shafts should be started a little below the su%posed location of the cro
and should be driven towards the pitch at a depth of from five to ten feet. ?f
no trace of coal i8 found in the first trench or shaft, it is not evidence of no
coal, for the wash at this point may be too deep, or the trench may be too far
down the hill. The next trial should be made some distance along the ter-
race, from the first, and the same rule be followed till the ‘prospeemr is either
satisfied by a number of trenches or shaftings, that there is no coal there, or
until he strikes small fragments of coal or a well-defined smut. When this is
found the trench must be extended up hill until it is traced to the bed from
which it comes. In flat scams it is advisable to start a shaft a few feet above
where the outcrop issupposed to be, ana sink through the seam to the bottom.

It is seldom that such experiments fail in determining whether there is coal
in the tract, for if careful examinations are made unmistakable evidences of
its presence will be found.

As the crop is frequently wider than the seam, to determine its true thick-
ness the shaft or trench, or a heading from it, should be continued in the solid
coal till the top and bottom of the vein are both exposed and shown to be
parallel with each other, when the true thickness may be measured. When
the seam has & heavy dip, and crops on the side of a steep hill, a trial tunnel
will be found superior to shafting.

Thes:({engml rinciples will also be found useful in prospecting for any
stratified mineral deposits, if slightly modified to suit the circumstances
encountered, and they can, in many instances, be applied to the exploration
of meta.lllfekr:us deposits occurring in veins or fissures in metamorphic or

igneous roc
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PROSPECTING BY BORE-HOLES,

For the more extensive investigation of the coal-deposit in a tract, pect-
ing with either the diamond or jumper drill is resorted to. The Diamond
drfll is preferred in most instances, for with it,e core is obtained that shows
the nature of the material passed throufh. and also gives a general idea of the
@ip of the measures. The jumxer drill is only the system of hammer and
Jumper drilling, elaborated and worked by steam-power. It is done by the
drm-uﬁ same as used in the oil-regions for drilling oil-wells, and which are
80 familiar now, that a description of them is unnecessary. These drills do
not furnish a core, but the experienced driller can tell from the action of his
drill when he is passing from one stratum to another, and the sand-pum
soon furnishes the sediment that determines its character; but it is impossi-
ble to secure as good results with this method as with the Diamond drill.
The jumper or churn drill has, however, other uses in the development and
workins of coal, wherein it is both superior and cheaper than the Diamond
drill. Diamond drills are built for both steam and hand-power, and where
the hole is to be less than 300 ft. in depth, the hand-drill will be found
cheaper, though slower in operation than the steam-drill.

Those who are ?rospecting for coal often have difficulty in determining
the character or class of the coal found; and the following may prove of
some service to those engaged in such work.

CLASSIFICATION OF COALS.

Coals may be broadly divided into two classes: Anthracite or Hard Coal,
and Bituminous or Soft Coal.

Anthracite or Hard Coal.—Specific gravity, 1'30-1 70. This is the densest,
hardest, and most lustrous of all varieties. = It burns with little flame and no
smoke, but gives a great heat. Contains very little volatile combustible mat-
ter. Color, deep black, shining ; sometimesiridescent. Fracture, conchoidal.

Semi-Anthracite Coal i8 not so dense nor so hard as-the true Anthracite.
Its percentage of volatile combustible matter is somewhat greater, and it
ignites more readily.

Bituminous or Coals.—Specific gravity, 1'25-1'40. They are generally
brittle; have a bright pitchy or greasy lustre and are rather fragile as com-
pared with Anthracite. They burn with a yellow smoky flame and give
on distillation hydrocarbon oils or tar.

Under the term Bituminous are included a number of varieties of coal
which differ materially under the action of heat, giving rise to the general
classification: Coking or caking coals, and free-burning coals.

Coking Coals are those which become pasty or semi-viscid in the fire; and
when heated in a close vessel become partially fused and agglomerate into a
mass of coherent coke. This property of coking may, however, become
greatly impaired, if indeed not entirely destroyed, by weathering.

Free-Burning Coals have the same general characteristics as the coking-
coals, but they burn freely without softening, and they do not fuse or cake

ther in any sensible degree.

int Coal has a dull black color and is much harder and less frangible
than the cokinga-coal. It is readily fissile like slate: but breaks with diffi-
culty on cross fracture. Ignites less readily, but makes a hot fire—constitu-
t.ino%a. good house coal.

nnel Coal differs from the ordi Bituminous coal in its texture. Itis
compact, with little or no lustre, and without any appearance of a banded
structure. It breaks with a smooth conchoidal fracture ; kindles readily, and
burns with a dense smoky flame. It is rich in volatile matter and makes an
excellent gas-coal. Color dull black and greyish-black.

Lignite or Brown Coal often has a lamellar or woody structure; i8 some-
times pitch-black, but more often rather dull and brownish-black. Itkindles
readily and burns rather freely with a yellow flame and comparatively little
smoke ; but it gives only a moderate heat. It is generally non-coking. The
percentage of moisture present is invariably high—from 10 to 30%.

Semi-Bituminous Coal has the same general characteristics as the Bitumin-
ous, although it is usually not so hard and its fracture is more cuboidal.
The percentage of volatile combustible matter is less. It kindles readily,
and burns quickly with a steady fire; and is much valued as a steam-coal.

The sub-divisions given above are entirely arbitrary, as the different vari-
eties of coal are found to shade insensibly into each other. The following,
however, may be considered as a convenient classification :

Anthracite, with volatile combustible matter ........ -
Semi-Anthracite, with volatile combustible matter
Semi-Bituminous, with volatile combustible matte
Bituminous, with volatile combustible matter
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THE COMPOSITION OF COALS.

Aﬂgroximate analysis determines the proportion of those products of a coal
having the most important bearing upon its uses. These substances as
usually presented are :

Moisture, or water.

Volatile combustible matter.

Fixed carbon.

Sulphur.

Ash,
In addition to these, the following physical properties are generally given :
Color of ash,

Specific gravity.
Strength or hardness.

The determination of these eight factors gives a fair general idea of the

adaptabilities of a coal.

oisture, or water in coal, has no fuel-value, is an inert constituent, dug.
handled, and hauled and finally expelled at a cost of fuel. Every per cent.
of moisture means 20 Ds. less fuel for each ton of coal.

Volatile Combustible Matter is an unz)mnt constituent of coal, the amount
and quality deciding whether a coal is suitable for the manufacture of illu-
minating-gas. The coking of coal also is largely degendent upon this constit-
uent. When a large percentage of volatile combustible matter is present, coals
ignite easily and burn with a long yellow flame, and in ordinary combustion
give out dense smoke, and form soot. This quality makes a fuel objection-
able for railway and sometimes for naval use.

The Fized Carbonis the principal combustible constituent in coal, and in
bituminous and semi-bituminous coals the steaming value is in proportien to
the percentage of fixed carbon. Though the fixed carbon of a coal evapo-
rates much less water than an equivalent weight of the volatile combustible
matter when properly burnth}n practice, 8o much of the latter is lost through
careless firing, or imggom: rnace construction, that the relative steaming
value of a coal may 1y approximated by assuming the carbon to be the
only useful constituent.

Sulphur will burn and develop heat, and is not inert like moisture and
ash, ~ But it corrodes grates and botlers, in the blast-furnace injures iron, and

uces & hot short pig, and is objectionable in coal for forge use. In gas-
making the sulphur must be removed. It usually occurs in coal in the form
of iron pyrites, which oxidizing causes digintegration, and sometimes sponta-
neous combustion, It is then an element of danger and loss.

Ash is an inert constituent, which means 20 bs. of weight to be handled and
20 ts. loss per ton of coal, for each per cent. present. Water in coal is
removed at the cost of fuel, while ashes are removed at extra cost of labor.
It is estimated that if the cost of stoking coal is 624 per cent. of the cost of coal
(coal at $3.00 per ton, and labor at $1.00 per day), and with cost of handling
ashea double that of stoking coal, 5 per cent. of ash will lessen the fuel-value

of coal over 6 per cent.; 10 ?er cent. ash, over 12 per cent., and 8o on.
The_ Color ﬁw Ash furnishes a rough estimate of the amount of iron con-
tained in a fuel. Iron in an ash makes it more fusible, and increases its

tendency to clinker. In domestic consumption where the temperature is
low, the quantity of ash is of more importance than its fusibility, but, for
urposes, where an excessive heat is required, ashes of a clinkering
coal wBl fuse into a vitreous mass and accumulate upon the grate-bars an
exclude the passage of necessary air. The practicability of employing & coal
will often be determined by the quality of the clinkering of the ashes.
Under such conditions such coals are best the ashes of which are nearly pure
white and which contain little or no alkali nor any lime, and do not contain
ﬁ%%ﬁ%&yu important factor when th striction of
an importan r when there is restriction of space,
as on railway cars and in ship-bunkers. A given bulk of anthracite eoalp::lll
weigh from 10 to 15 per cent. more than the same bulk of bituminous coal, so
tl]mt from 10 to 15 per cent. more pounds of fuel can be carried in the same
place.
The average ific gravity of anthracite coal is 1'5, and a cubic yard
weiﬁhs about 2,%
The average specific gravity of American bitumfnous coals, and of grades
intermediate between them and anthracite, is about 1.325, and one cubic

yard weighs a bout 2,236 s,
or Hardness is valuable in preventing waste. In soft coal much is
ground to dust in mining and at the tipple. In railway transportation soft )
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coal i8 crushed, which further increases the loss, and the coal reaches market
in bad condition. A very soft coal is shipped in lump, and is not in so wide
demand. For marine use a soft coal is objectionable, because of disintegra-
tion by the motion of the ship. Strength is a requisite for the use of raw coal
in the blast-furnace, and also to prevent excessive loss of coal through the
grates in ordinary furnaces.

STEAMING-COALS.

For steam-making the superiority of coals high in combustible con-
stituents is admitted, and those with the higher percentage of fixed
carbon are the most desirable. But the consideration of the steamin
qualities of & coal involves also a consideration of the form of furnace an
of all the conditions of combustion. The eva tive t;)ower of a coal in
practice cannot be stated without reference to the conditions of combustion,
and eyery ‘pmctical test of a coal, to be thorough, should lead to a deter-
mination of the best form of furnace for that coal, and should furnish know}-

ge as to what class of furnaces in actual use such coal is specially adapted.
It is not sufficient that in comparative tests of coals the same conditions
should exist with each, but there should also be determined the best condi-
tions for each coal.

Of coals high in fixed carbon, the semi-anthracites and the semi-bitumi-
nous rank as high as the anthracites in meeting the various requirements
of a quick and efficient steaming-coal.

For railway use these coals have been found to excel anthracites in eva;
rating-power. The comparative absence in semi-bituminous coals, of smoke,
which means loss of combustible matter as well as discomfort to the traveler,
is sufficient to suggest the superiority of these coals over bituminous coals
for such use, In fact, the high rate of combustion and the strong draught
necessary in locomotives is g)anicula.rly unfavorable to the economic combus-
tion of bituminous coal. Such semi-bituminous coals are also specially well
suited for small tubular boilers, fire-box steam boilers, or other forms with
small unlined combustion-chamters in which the gases from bituminous
coals become cooled, are not burnt, and deposit soot in the tubes,

Steaming-coal should kindle readily and burn quickly but steadily, and
should contain o:lsg enough volatile matter to ensure rapid combustion. It
should be low in and sulphur and should not clinker.

COALS FOR IRON-MAKING.

For the manufacture of iron and for metallurgical purpoges coal is chiefly
used after being converted into coke, though it is also used to a limited ex-
tent in the raw state. Coal directly used must be strong and not swell nor
disintegrate 8o as to choke the furnace. It should be capable of gmr?ducinga
high heat and should not contain a large amount of sulphur or p]

COKE.

Coke is the fixed carbon of a coal, a fused and porous product produced by
the distillation of the gaseous constituent. For metallurgical use it should
be firm, tough, and bright, with a sonorous ring, and should contain not over
1% of sulphur. For blast-furnace use a dense coke is objectionable, and the
best is the one with the largest cell-structure and the hardest cell-wall. A
hi l’] percentage of volatile hydrocarbon is, as & rule, necessary for a good
coking-coal.

The fusibility of the carbon, the amount of disposable hydrogen, the tena-
city with which the gaseous constituents are held, all affect the results in
coking., Further, coal which is mined near the outcrop and has been sub-
Jected to the influence of the weather, loses its capacity for coking. The pro-
cess of manufacture should, however, be adapted to the character of the coal,
as it has an important, though secon influence upon the physical charac-
ter, uniformity of qua.lity and dryness of a coke. Coals of inferior grade are
made to produce good coke in Europe by using coke-ovens in which the heat
of the is applied externally to the coke-chamber, but the coal is
generally first carefully crushed and washed. Further, the depth of the
charge and length of heating have an important bearing.

As at present understapd, and in the present mode of manufacture, the es-
sential qualities of a good coking coal are that it shall contain not less than
twenty nor more than thirty per cent. of volatile hydrocarbons and not too
much ash; that on being heated it must pass through a thoroughly fused or
pasty condition ; and that when in this condition it must part with its vola-
tile matter in such a manner as to form innumerable small pores,

)phorus.
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If a coal contains less than twenty per cent. of volatile matter it will not
fuse gzoperly whilst if it has more than thirty per cent. the porous structure
will unduiy developed at the expense of the strength of the pore walls; on
the other hand, many coals lying between these limits will not fuse at all,
and therefore do not coke, while others fuse properly but give off their gas so
as to form large and thin-walled pores.

' DOMESTIC COALS,

In domestic use coal is burned in open grates, in closed stoves with ordi-
nary fire-bowls and flat grates, or with basket-grates in small furnaces for hot-
air heating and in cooking-stoves. In all these the coal that sustains a mild
steady combustion, and remains ignited at a low temperature with a compar-
ative. J feeble dra.l%%ht, is the best. A ‘coal burning with a smoky flame is
objectionable as producing much soot and dirt, especially for open tes or
cooking pmgoses. For self-feeding stoves or for base-burners & dry non-
coking coal i8 necessary. very and fiercely burning coal is no -

kin 1 A free and fiercely burnin, 11 t desir:
ab;gi particularly in stoves, as the temperature cannot be easily regulated.
A sulphurous coal i8 also bad, as it produces stifling gases with a defective
draught, and corrodes the grates and fire-bowls. The difficulty from clinker-
ing is not 8o great in domestic uses, as the temperature is not generally hit.ih
enough to fuse the ash. A stony, hard ash, which will not pass between the
grate-bars, is bad, and light pulverulent ash is best.

_ The sizes of anthracite coal vary. The sizes of screen-mesh and bar-open-
ings used for separating, range as follows :

Lump; over bars placed 7 to 9 inches apart.

Steamboat ; over bars placed 84 to 5 inches apart and through bars 7 inches

apart.
Brcakenp .............. over a mesh 23 s:: to 27 3:;, through a mesh or bars 814;: to 4} ’;
vorrorer ameh 1idlo 3.7 throueh  mesh or b 27 2
Small stove.......over a mesh 1 * to 1(‘”' through a mesh or bars lé" tol 2"'.
Ghemat -.---overa mesh 96110 45 thoueh & meeh or b 1 o L%
Buckwhest .. .....over a mesh ,‘é’/ to /2' , through & mesh or bars ﬁ” to 627
Dirt...ccceeunvenenn .over a mesh through a mesh or bars ¥4,” to 4”.

The sizes of bituminous coal are lump, nut, and slack.

All coal that passes over bars 13g inches apart is called lump.
. All coal that through bars 114 inches apart and over bars 3{ of an
inch apart is called nut.

All coal that passes through bars 3/ of an inch apart is called slack.

GAS-COALS,

Coals suitable for the production of illuminating-gas should contain, at
least, between 30 and 40% of volatile hydrocarbons,
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ANALYSIS OF COAlLS.

To the practised eye, the appearance of a piece of coal will very frequently
afford a good indication as toits character ; but its real value can best be deter-
mined by means of a chemical anal ; and for general tical p
what is known as a ‘ proximate analysis’’ is usually considered sufficient.

By this we dete: e the percentages of moisture, volatile combustible
matter, fixed carbon, sulphur, and ash. The method is as follows:

Water or Moisture.—Dry 5 to 10 grammes of the powdered coal in a counter-

ised watch-glass in a water-bath at 212° F. until the weight is constant.

m one to two hours i8 generally sufficient for this purpose. Note the loss
in weight as moisture.

Volatile Matter.—One gramme of the powdered coal is heated in a platinum
crucible, fitted closely with a lid, first at a red dull heat and until the flame
of the escaping gases is no longer visible, and then at a full red heat for
about five minutes. The crucible and its contents are allowed to cool thor-
oughly and then weighed. The loss in weight shows the percentage of vol-
atile combustible matter and water. Deduct the water found in the previous
experiment and note the difference as volatile combustible matter.

Ash.—The residue in the crucible consists of the fixed carbon, part of the
sulphur, and the whole of the ash. To determine the latter, heat the erucible
over a Bunsen burner or in & muffle until all the combustible matter has been
burned off. Note the residue as ash.

Sulphur.—Fuse one gramme of the finely-pulverized coal with a mixture of
ten grammes of carbonate of soda and six or seven fammes of nitrate of
Fotssh. Heat gently at first and until fusion is calm, then continue heating

or about a quarter of an hour. Dissolve the contents of the crucible in
water, acidulate with hydrochloric acid and evaporate to dryness to render
silica insoluble. Re-dissolve in dilute acid—filter off the silica and precipi-
tate the s'glcfhur in the filtrate by means of chloride of barium. Allow the
precipitated sulphate of baryta to stand aside for several hours; then filter,
wash well, ignite and weigh. 283 parts of the ignited sulphate of baryta con-
tain 32 parts of sulphur. .

Fized Carbon.—On heating the coal to obiain the percentage of wvolatile
matter, part of the sulphur is volatilized, part is burned off with the fixed
carbon, %lgdpart remains in the ash. Except in g 1 cases where separate
tests are e to determine how much of the sulphur has been volatilized, it
is customary to deduct the combined percentages of water, volatile matter,
sulphur, and ash from 10000, and to consider the difference as “fixed carbon.”

OPENING A COLLIERY.

The location of the surface plant and the colliery opening depends on the '
formation of the coal-deposit primarily, and secondarily on the facilities for
transporting the product to market. It is im ble for one not on the
ground and unfamiliar with natural or rail transportation facilities in
the neighborhood to give an idea as regards the secondary consideration. As
refgar;is the primary consideration, the following observations will be found
of value :

When the coal outcrops within thelimits of the property and is flat, a water-
level drift is the best method of opening it. If the coal has any considerable
inclination, it should be opened by a slope, or by a tunnel driven across the
intervening measures. : }

In the Bituminous fields, where the seams have an inclination of but from
v of 1° to 1}°, the water-level drift is generally used, and the main haulage
entry is opened at the lowest accessible point on the outcrop, which ensures
free drain and a favorable grade for haulage. When the outcrop coal dips
into the hill, the drift is usually commen: a few feet below the coal-ter-
race, and drivenon a slilght up-grade until the normal dip is reached.

en the inward dip is too strong. the better plan is to sink a shaft in the
center of the basin, provided the depth is not t and the amount of
water to be pumped i8 comparatively small. If the inward dip to the center 1
of the basin does not exceed a total of 25 ft. difference in level, a drift may be
used and drainage be effected by a syphon.

In the Anthracite regions water-level drifts are only profitable where the
mclined seam is ex; in ravines or ioe:iges eroded across the strike of the
measure, or where the vein can be reached by a short tunnel from the surface
to the vein across the measures. This is often the case when the vein dips
with the hill, but when the dip is against the hill, the tunnel is generally a.
long one. While the expense of operating a mine opened by a long tunne i
less than one opened by a slope orshaft, owing to cheaper drainage and haul-
age, when the coal above water-level is exhausted the tunnel is
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worthless. When the seam is inclined and is accessible at no point along its
outcrop low enough to furnish sufficient lift or breast length, it shoul«f be
opened by a slope or shaft. Or, if the seam is flat and does not crop on the
tract, a shaft is the only method of working it, unless it lies 8o near the sur-
face that it can be s(ri;()jped.
Where a seam has a dip of 20° or more, and is brought close to the surface
by an anticlinal axis or ‘‘saddle,” a *‘ rock slope,” or, in other words, a tunnel
dipping the same as the coal may be started from the surface, and when the
seam is reached may be continued to the desired depth in the coal. In sink-
ing slopes it is customary to sink an airway alongside of and parallel with the
slope, with a pillar of about ten yards between. The slope is usually sunk so
that there isa “lift ' of from 100 to 110 yds., and then gangways are turned
off on each side. The term “lift” in this connection means the length on
ggch that breasts or rooms, driven at right angles to the gangway, can be
ven in good coal. Subsequent lifts are usually from 80 to 100 yds. long.

SHAFT-SINKING AND TIMBERING.

Shafts in America are generally rectangular in form. Indeed it is doubtfyl
if there i8 a circular winding coal-shaft in the United States. They have
usually three compartments, viz., two hoist-ways and a pump-way, the latter
frequently being also used as an air-way.

As a general thing the loose material or wash above bed-rock is not thick
enough to cause any serious trouble, and ordinary cribbing of heavy timber
or a masonry curbing is sufficient. But when the surface is very thick or
loose and runs like quicksand, considerable difficulty is experienced. The
general method of overcoming this difticulty in the past was to at once divide
the shaft into the required number of compartments by heavy timbers alter-
nating or placed ‘‘skin to skin,” which had the effect of bracing the cribbing

inst the lateral pressure of the loose material. This method is eftectual
where the wash will remain solid or stand long enough to allow the timber-

and cribbing to be put in.

ut, as it often happens in quicksand, the slnkershcan make no pro,
against the treacherous element they have to contehd with, other methods
have to be employed. The most successful methods are the Imeumntic and
the Poetsch methods. The former consists of applying the caisson principle.
The men work in a caisson and the loose material is kept back by compressed
air forced in and held at a constant pressure. The Poetsch system consists of
sinking a number of tubes in the quicksand around the outside of the shaft,
and_then with a refrigerating machine and compound, freezing the quick-
sand to a solid mass, thus forming an area of material as hard as ordinary
sandstone reaching to bed-rock. In the center of this the shaft is sunk,
the refrigerating process being kept up until the shaft reaches the solid
E.;cel({ia:nd 1the lining, whether of timber, masonry, or iron, has been securely

in place.

The size of shafts vary greatly, depending on the number of compartments
desired and the size of the compartments. They are gglemlly from 10 to 12
ft wide inside of timbers, and each compartment is from 6 to 7 ft. wide in-
side the guides. This would make the outside dimensions of a double-com-
partment shaft about 13 to 15 ft. wide, 17 to 18 ft. long, and a triple-compart-
ment shaft from 24 to 25 ft, long. In some instances shafts are sunk with
four or six compartments.

SINKING HEAD-FRAMES.

Head-frames of very simple form are used for sinking. The skeleton of the
frame is formed of heavy squared timber (10 x 10” or 12”7 x 12”) mortised and
pinned together, and braced by diagonal bruces. A good height from the
surface to the center of the sheave is from 20 to 25 ft. The sheave
should be from 6 to 8 ft. in diameter., The sinking bucket should
be of boiler-iron or of heavy hardwood strengthened by iron bands,
about 3 ft. in diameter at the top by from 2'4 to 3 ft. deeg. It should be
suspended by & handle pivoted a trific below the center, and it should have
a fg on therim of the bucket which will hold it in an upright position when
a loose ring on the handle is slipped over it. A chain fastened to the top of
the head-frame, with a hook on its loose end, is suspended so that when
hanging plumb it is over a schute leading to the dump-car. As the bucket
is hoistedp out of the shaft, this chain is attached, and the engine reversed.
The bucket swings over the schute, the ring holding it upright is knocked off
the pin,and the rock is dropped into the schute. Rocks too large for the
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bucket are suspended in chains and are hoisted in that way ; and removed
on a truck that runs on a track inside of the head-frame, and of a gauge suffi-
ciently wide to give plenty of clearance for the bucket.

SINKING-ENGINES.

Most shafts and slopes are sunk with old engines or else by engines espe-
cially designed for such work, and so constructed that they can easily be
moved from place to place. In some cases where an old engine can be read-
ily had, it is set up on temporary timber foundations and used till the shaft
or slope is finished, when it is replaced by the permanent engines, and the
old one is dismantled and disposed of to the best advantage.

TOOLS AND -EXPLOSIVES,

The old method of hand-drilling is still adhered to in many instances, but
it is gradually giving way to machine-drilling, especially in deep shafts.
When properly managed the work is done much more rapidly and economic-
ally by the several excellent tfy%ee of rock-drills now on the market. They
are constructed in a variety of shapes by the makers, and there are so many
convenient accessories in the shape of fittings, etc., that all contractors prom-
inent in the various coal-fields possess one or more of their fayorite type of
drills. These drills are run either by compressed air, steam, or electric power,
and in large shafts two are usually emy loyed, so that work may not be
delayed by a break-down of one drill. he center or one side of the shaft
is usually kept in advance of the rest, 8o as to furnish a sump for the collec-
tion of the water. The holes are drilled from three to six feet apart, and the
de{)th varies with the character of the rock. When a sufficient number of
holes are drilled, the drill is removed, and & cartridge made of dynamite,
dualin, or some other form of high explosive is tamped in each hole. These
are all fired simultaneously by an electric battery, detonating caps being
placed in each charge. )

To keep the shaft the required shape, if rectangular. a plumb-bob is sus-
pended in each corner, tither from the flooring on top, or from a beam laid
across the cribbing, and these guide the miner in squaring the corners and
gides. If the shaft isa circular one, a plumb-line is let down in the center.
from time to time, and a rod cut the exact radius is revolved around it. Ifit
strikes the rib the miner knows that at that point the shaft is not true.

The explosives used vary in different fields. The following, however, is a
list of those most generally used, with a statement of their composition :

Dynamite—T75 per cent. nitro-giycerine 22 per cent, bone-dust.

Dualin—80 cent. nitro-glycerine, 20 per cent. nitro-cellulose,

‘Rendrock—40 per cent. nitro-glycerine, 4%;1per cent. nitrate of soda or potash,
18 per cent. cellulose, and 7 per cent. paraffin.

iant Powder—80 per cent. nitro-glycerine, 48 per cent. nitrate of soda, 8 per
cent. of sulphur, and 8 per cent. charcoal.
Vulcan Powder—35 per cent. nitro-glycerine, 48 per cent. nitrate of spda, 7
per cent. sulphur, 10 per cent. charcoal. .

"Electric Powder—83 per cent. nitro-glycerine. The balance is a secret.

I)t:gaignoue Powder—50 per cent. picrate of potash and 50 per cent. nitrate of
po .

Brulg]]cre Powder—50 per cent. picrate of ammonia, 50 per cent. nitrate of

tas

poranw:—m's per cent. gun-cotton, 47:5 per cent. nitrate baryta.
ive Gelatine—89 per cent. nitro-glycerine, 7 per cent. gun-cotton

nitrated, and 4 per cent. camphor.

Atlas . A—75 per cent. nitro-glycerine, 21 per cent. of fibreless wood,
2 per cent. carbonate of magnesia, and 2 per cent. nitrate of gotas "

Atlas , B—50 per cent. nitro-glycerine, 34 per cent. nitrate of soda, 14
per cent. fibreless wood, and 2 per cent. carbonate of magnesia.

Judson Powder, No. 1—17°5 per cent. nitro-glycerine; the rest unknown.

Judson Powder, No, 2—14 per_cent. nitro-glycerine, 59'9 per cent. nitrate of
soda, 13'5 per cent. sulphur, and 12'6 per cent. pulverized cannel coal.

Judson Powder, No, 3—5 per cent. nitro-glycerine, 64 per cent. nitrate of
soda, 16 per cent. sulphur, and 15 per cent. pulverized cannel coal.

Rackarock—T77°7 per cent. chlorate of potash, 223 per cent. nitro-benzol.

Gelatine Forcite—95 per cent. nitro-glycerine, 5 per cent. cellulose matter
not nitrated. ) ) .

Gelatine Dynamite, A—97°5 per cent. nitro-glycerine, and 2'5 per cent. soluble
gun-cotton,
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Gelatine Dynamite, B—75 per cent. nitrate of potash, 24 per cent. cellulose
matter, 1 per cent. soda.

Gelignite—56'5 per cent. nitro-glycerine, 3'5 per cent. nitrated cotton, 8 per
cent. wood bark, 32 per cent. nitrate of potash.

Melinite—Picrated acids, cellulose matter dissolved in ether.

Roborite—Nitrated napthaline and nitrate of potash.

In this connection it is well to also note the fact that in some instances
shafts in this country have been sunk in which all the holes for blasting were
driven from the -rock to the coal by diamond drills. The holes, when
completed, were filled with sand, and when blasting commenced the miners
took out from three to four feet of this filling, and fired them it;l‘s:oufs‘ A
central group of holes was fired first and the outer rows afterw: . It was
surprising to note how little squaring up was afterwards necessary when this
system was used. The above, however, only applies to shafts of not over 100
yards in depth. When the depth is ﬁeatet than this it is advisable to bore
only two or three hundred feet, sink to that depth, and set up the drills
for another s of drilling, use the diamond drill, particularly when
boring a hole of small diameter, is liable to deflect from a true perpendicular.

The Kind-Chaudron process of shaft.-slnklnf consists essentially of the oil-
well method of drilling on a mammoth scale, and has never been used to
any great extent.

THE TIMBERING OF SHAFTS.

When the shaft is through rock that from its solid nature makes timberin
unnecessary, it is divided into compartments by heavy single timbers placed
tive or six feet (vertically)a To these the -guides, usually of straight-
ﬁ.lned' yellow pine, or oak, are fastened by bolts with countersunk heads.

ese timbers are set in notches or steps cut in the sides of the shaft, and
the‘ghare fastened tightly in R]ace by wooden wedges.

When the sides of the shaft are not self-sustaining, complete timbering is
necessary ; the distance between each set of timbers ciepen ing, of course, on
the nature of the sides.

Various forms of joints or mortices are used, but the strength of the timbers
should never be impaired by the removal of too much wood, or a t‘endenc{nto
mlitt:a.uaed. Wedge-shaped joints and dovetailing are, for this reason, bad
joints.

When the sides are very unsafe, lagging or plank-sheathing should be

placed between the timbers and the rock. For this purpose iron plates are
sometimes used, and in circular shafts in Europe, iron * tubbing,” which con-
sists of segments of a cylinder, bolted together, or of complete cylinders of
proper diameter, low  into the shaft and bolted together, are used.
. When the sides are giving off a considerable amount of water, and timber
is used for lining, another cribbing outside the regular cribbing, backed with
three-inch plank, should be put in, and the space tightly rammed with clay
filling. The thickness of this clay filling must be determined by the nature
of the sides. but it should never be less than 12 inches.

The following cuts illustrate good standard joints for shaft-timbering :

¥V ¥

Fig. A. Fig. B.
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Fig. C. Fig. D.
1’\
Fig. E. Fig. F.

Fig. A shows a mitre-joint with a ker. This style of joint is a good one if
prg(l)erly and carefully made. But unless the joint is properly fitted, it has &
wedging effect and splits the timbers.

Fig. B shows the half-check joint. .

Fig. C shows a combination of the principles of the mitre and half-check
joint; but it reﬁuim careful fitting to make it effectual.

Figs. D and E show timbers tongued into grooves.

Fig. F shows timbers squared and driven tightly in place. This style is
often merely fastened by spiking together. In some cases they are hung by
holts, but the more common plan is to support them on square pieces of tim-
ber spiked into the corners and under the Joints. :

DRAINAGE AND VENTILATION.

‘When only a small amount of water is encountered while sinking, the best

lan is to allow it to collect in a depression and bail it from there into the

ucket, and hoist it the same as the rock. Where the water is excessive in

quantity, a steam-pump isnecwsarir. All of the leading pump-works make

pumps especially designed for sinking purposes, and it is not the provinece of
this work to mention the advantages possessed by one over the other.

When the shaft is of moderate depth, a fire burning in one corner will
supply ample ventilation. To rapidly clear away smoke, a gnod plan is to
burn_a bundle of straw or shavings in one end of the shaft, and throw a
couple of buckets of water down the other end. When the shaft is very deep,

.
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orwhen the sectional area is small, ventilation is produced either by a steam-
jet, or by a small fan turned either by steam or by hand. In some cases a fire
18 used, that draws into a board pipe.

SPEED AND COST OF SINKING.
. Any attempt at a general estimate regarding the speed and cost of sinking
is im ble for many reasons appreciated by the gzctlcal miner. Shafts
vary in size, and in the character of the material through which they pass,
80 much that even if there were no other items to be considered, a general
estimate could not be made. But, if the %round is pretty well known, and
the sectional area and the depth given, the experienced contractor knows
how much he can drive in a given time, and he can consequently form a
good estimate for each separate shaft. The range of cost is 8o great that it
may be anywhere from $1.00 to $10.00 per cubic yard of material excavated.

SLOPE-SINKING.

A s:gﬁe is an inclined plane driven down on the bed of the seam, and is
generally through coal, though sometimes they are driven througil rock,
across measures to cut the coal in a seam that can not be conveniently worked
by a slope in the coal. In the latter case it i8 merely an ‘‘inclined tunnel.”
In the former it might be termed an ‘‘inclined gag.gwa.y."

A slope and an inclined plane, when mentioned hereafter, will mean an
inclined opening in coal, used as a passage-way for 1nine-cars,

When the location of the slope has been decided on, the first thing to be
done is to erect a temporary sinking-plant. For this purpose an old engine
is generally used. For a short distance, varying with the nature of the
ground, but usually ranging from ten to twenty feet on the pitch, an open cut
18 made, and the earth, rock, or crop coal is thrown out by hand. As soou
as sufficient cover is reached the work of undermining and timbering is con-
menced, and at the same time a double or single track is laid, so that the
coal can be taken out in a car or self-dumping skip. When the latter is used,
the track is continued up a_trestle some distance above the surface, and a
head-sheave so placed as to draw the skiP up the required distance and dump
the material in a shute beneath the trestling.

The width of the slope depends on the size of the cars, and the number of
compartments. The most common arrangement is to divide the slope into
three compartments; two large ones for hoistways and a smaller one for
pump-rod, column-pipe, steam-pipe, and traveling-way. This latter is also
used while sinking is going on, as an air-way.

In some instances slopes have but one hoist-way, laid with three rails and a
turnout at the middle of the hoist, and some have single track with a central
turnout. This may be economy in first cost, but is not in the long run.
Collisions are apt to occur, and the breaking of a rope or the falling of coal
from an ascen car is apt to cause more damage than when two compart-
ments are used.

When several lifts are simultaneously worked, a single-track slope is used ;
but, unless the pitch is light and several cars can be hoisted at once, this
method produces a comqamtively small output.

When the dip of a slope is under 40° the height of the slope should be
about 7 ft. in the clear. When the slope dips more than 40°, unless self-
dumping skips or gunboats are used, a cage is necessary, and then the height
must be made greater.

The sinking of a slope is similar to gangway-driving, and the tracks and
timbering are kept well up to the face.

The timbering is ve: milar to gangway-timbering, except that squared
timber is more uently used {lbut t is not necessa.r{), and the joints are cut
with more care. On steep pitches a heavy *‘ mud-gill” is let into the rib on

each side to prevent the road from slipping down the pitch.
The follow?n e

g figures show various methods of slope-timbering :
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vFlg. 4.

Fig. 1 shows a slope with no other tim-
bering but a center prop.

Fig. 2 shows legs, collar, and center prog
of round timber, with lagging on sides an

top.

g‘ig. 3 shows square timber for a slope
with two compartments.

Fig. 4 shows square timber for a slope
with three compartments,

Fig. 5 shows a_ground-plan of the ar-
rangement of mud-sills, legs, center props,
and road-bed.

The mud-sills represented by a should be
about 6 ft. apart, from center to center.

The braces, b, are used to keep the sleepers

in place. It will be noticed on the plan

that the upper mud-sill is set into the rib

at each end and rests against a prop in the

center ; the nextrests against propsat each

end, and has no support in the center; the

third is supported both at the ends and

center by props; and the last is merely Fig. 5.

supported byshoulders cutin theribs. This

g;v?s thiei3 %I:ela to be adopted when any style of timbering, or when no tim-

ring, .

The props and timbers should be inglined slightly (from two to five degrees)
up the pitch, and not set perpendicularly to the top and bottom, as in gang-
way \ivork. This rule applies also to the timbering or propping of any inclined
opening. :

In sorgne cases, when square timber is used, the lining for top and sides is
either made of planks or slabs. Square timber for slopes should be at least
12”7 x 12, When round timber is used. especially if there is no center prop. it
should be at least 15” in diameter. When a center prop is used it should not
be less than 127,

THE SUMPT.

‘When the shaft or slope is completed, among the first things necessary is a
sumpt in which to collect the drainage of the colliery. This is an opening
lower in the vein, when it is a pitching one, or in the rock when it is a flat
seam reached by a shaft. It should be lar%f enough to hold any excess of
water that the pumps cannot handle ; and the pumping machineryshould be

werful enough to handle the ordinary drainage by running not over ten

ours per day. When this is the case, in an emergency the pumps can be run
continuously, and thus handle the surplus water.

DRIVING THE GANGWAY.

In Bituminous seams the height of the gangway is governed by the thick-
ness of the seam, and this is also true in a certain sense in the Anthracite
regions, Butin the Anthracite regions they are very seldom less than six feet
in height. In the larger veins they are from 6’ 6” to 7/ 6” high, in the clear,
and from ten to fifteen feet wide. The gauge of track varies from 24” to 48”.
The grade should rise at least 4” in 100 ft., and a gutter three ft. wide by
eighteen inches deep should be cut in the coal on the low side. This gutter
should be a gutter, and not a receptacle for refuse. There is no economy in
a shallow gutter, or in neglecting it because it costs a few cents a day to keep
it open. ‘Some authorities advise a rise of from six inches to a foot in every
hundred feet, but they evidently do not take into consideration that so at
a rise means a loss of from twenty-six to fifty-three feet in lift at the end of a
gangway a mile long, or in other words, in the loss of from 68,000 to 137,000 sq.

-
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ft. of the area of coal to be reached by the gangway. This applies to pitch-
ing seams. Where the seam is flat, or nearly so, the ?ngway must, of course,
be driven on a grade that best suits the formation. Turnouts constructed on
each side of the shaft or slope of a suitable length are a necessity if the slore
orshaft is to be kept constantly supplied with coal. These turnouts vary in
length. depending on the length of the cars, and the number necessary to
keep the machinery in motion between trips. They should be wide enough
to allow at least three feet in the clear between the ies of the cars. Five
feet is even better. When possible to avoid it, there should be no center props
between the tracks.

Gangway timberigg depends on the nature of the roof, sides, and pitch of
seam. It is intended to protect the workings and miners from falls of loose
pieces, and is not intended as a support for the overlying strata.

In some instances no timber is necessary; in others double timber is
required. In still others, what is known as post-and- -
bar timbering is used. Two of the best forms of joints
for double timbers are shown in the annexed
sketches.

The post-and-bar system is not a good one, and is
not used to any great extent. In standingha pm&).
cut a round foothold, deep enough to reach the solid :
throw a handful of fine dirt in the hole, and twist the
prop around in itseveral times: this beds it and gives
the end full bearing-surface. The bottom of the prop
should be dressed like the frustum of a cone. The
length should be measured ac('umtel{yl so that when
it is driven as tight as possible it w! } be nearly at
right angles to the dip. The butt-end should be
agninst the top because it presents more bearing-sur-
face;: and between it and the top there should be a
cap-piece of three-inch plank. Care should be taken
to get the proE in so that the pressure is distributed X
equally over the whole surface of the top. The practice of driving wedges,
either between the prop and cap-pieces, or between the cap-piece and the
top, is a bad one. and puts the weight on one corner, and thus detracts from
the strength of the prop. The weight should always come squarely, or very
nearly so, on the prop, and not diagonally.

METHODS OF WORKING.

There are two general methods of working the coal, viz.: by Bord and Pil-
lar (breast and pillar) and by Longwall. There are combinations of the two
systems, and also modifications of each, which, of course, depend upon the
characteristics of the vein and strata. Longwall is suitable for seams lying at




58 COLLIERY ENGINEER POCKET-BOOK,

> of Pillars Proportion Depth in Size of Piilars

Dq:;sei: Shle“ Yards. in I"‘?lln.rs. ‘;‘eet. in Yards. m
120 .. 20by 5 .. 4l 1080 .. 26byld ..
240 .. 20 “y 6 .. *50 1200 .. 26 16 .. i
80 .. 2 “ 7 .. 52 1320 .. 28 “ 18 .. ]
480 .. 22 “ 8 .. 57 140 ... 28 “ 20 .. ]
600 .. 22 9 .. 59 1560 .. 30 ‘“21 .. T
200 .. 22 12 L 61 1680 .. 30 “ 224 ... “78
810 .. 26 “ 15 .. 63 1800 .. 30 “ 24 .. i)
960 .. 28 “ 16 .. 66

In the following table, the weight thrown upon pillars at different depths
by the removal of different proportions of coal is given.

Weight on Pillars, the proportion to mine got heing
70 per | 60 per | 50 per | 40 per | 30 per | 20 per
Dph of | 50 per cent. | 80P | oolt” | Gem | ‘cent. | ‘cent. | cent. | oot |aos B
in Feet. Lbs. ‘;"' ‘| Lbs. | Lhs. | Lbs. [ Lbs. | Lbs. | Lbs. pat
per sq.in. sq. in. per per per per per per S
8q. in. | sq. in. | 8q. in. | sq. in. | sq. in. | sq. fn.
100 11 125 142 166| 200( 250 333| 500 W
500 555 625 710 | 830 1,000 | 1,250 | 1,665 | 2,500
1,000 1,111 1,250 | 1,428 | 1,666 | 2,000 333 | 5,000 | 10,089
1,500 1, 1,875 | 2,138 | 2,196 | 3,000 5C0 | 15,00.
2,000 2,222 2,500 | 2,956 | 3.333 | 4,000 v
5,000 3,333 3,750 | 4,384 | 4,999 | 6.000 .
4,000 4,444 5,000 | 5,912 6,666 | 8 [~
5,000 5,655 6,250 | 7,340 | ...... conase
10,000 11,110 12,500 | ool oo | e | | el o

In his “Notes and Formul® for Mining-Students,”” Mr. J. H. Merrivale, in
contrasting the two systems, savs:

In Longwall, a face of considerable width, say 100 to 500 yards, is opened
out, and the coal is worked along the whole distance either in one lift orin
steps. The roads—main-gates and cross-gates, as they are called—
through the goaf and are supported on packs built ug of the stone taken
down to form_height in the roads. The roof along the face is also supported
on packs made from the refuse of the seam, and where this fails, on timber
which is drawn and shifted forward as the face advances. All superfluous
stone, &c., not required for the packs, 18 cast back into the goaf, and one of
the main elements of success in this system of working is that there should
be sufficient of this to fill, more or less completely, the void left by the
abstraction of the seam, so as to let down the roof evenly and gradually.

In Bord and Pillar the seam is fitst cut up into rectangular masses by two
sets of excavations, driven at right angles to one another, and then these
masses are removed in slices about four to seven gards wide. The first opera-
t.i%n I‘s‘ called working in the “ Whole Mine,” and the second working in the
“Broken.”

Longwall then may be defined as any ?stem of working in which the seam
is removed at one operation: Bord and Pillar, as any system in which the
seam is removed by two or more series of workings.

The Bord and Pillar and Longwall systems of working are adapted to dif-
ferent circumstances, so that an exact comparison is impossible, though &
general one may be made as follows:

1. Ventilation.—In Longwall the air enters by the main gate, and, dividing
into two splits along the face, returning by roads on the extreme right
and left. Noth ng can be simpler than this arrangement ; very little brattice
is required, and the air, having the shortest possible distance to travel,
gc(buhes the least ble heat from the strata, & matter of great importance
in deep mines, and also re%gires the least jossible ventilating-pressure (i, ¢.,
less expenditure of money) to set it in .notion

In Bord and Pillar the air also enters by the central drift or mother-gate
bord, and divides into two splits; but, as the air has to be taken into each
bord, itgrtégs a very much longer distance to travel,and a great deal of brattice
is required.

On the other hand, should therc be much gas. it can be isolated to the bord
in which it is being given off in Bord and Pillar; whilst in Longwgll it will
foul the whole face on the inbye side.
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2. Produce—~In Longwall a1l the seam may be extracted, and whilst the
weight of the roof helps to break down the coal at the face, it does not rest
upon it ong enough to crush the coal. This, combined with the small
amount (ifany a all) of nicking and narrow work, tends to the production
of the maximum of round coal

In Bord and Pillar all the seam cannot be extracted, as some coal must
always be left in stooks, and in addition, a portion of the pillars is often lost
by falls of roof. In the whole workings, small coal is produced by nicking
and narrow work and often in the broken by crush. The result being a
smaller production both of unscreened and of round coal than in the Long-
wall method of working.

3. Cost.—In Longwall the cost of putting, supervision, and materials (i. e,
rails, sleepers, and brattice) will be less than in Bord and Pillar because the
distance is shorter; and, as there is no yard work, and the weight of the roof
helps to bring down the coal, the cost of hewing also will be less. On the
other hand, shift and stone work will be very expensive, so much so, that
where powder cannot be used, Longwall is, in many cases, inadmissible.

.IAI given length of face will stow more men in Longwall than in Bord and

T.

ar.

4. Surface Damage.—When it is intended to work out the whole of the seam
less damage is done by Longwall than by Bord and Pillar, because the space
formerly occupied by the seam is filled up by the stowa,%:.. and though this
cannot be done so completely as to support the weight ot the superincumbent
strata without considerable compression of the stowage, yet the character of
the support is the same over the whole area, and the surface is let down grad-
ually and uniformly.

In Bord and Pillar the surface damage usually takes the form of irregular
de ions dotted about here and there, putting a stop to all farm drainage.

3 i .—Accidents from falls ot stone are_less likely to happen in
Longwall than in the broken workings of Bord and Pillar; and, as no coal is
left below ground, underground fires, from the spontaneous combustion of
small coal crushed and ground together by falls of roof, are impossible. On
the other hand, gas cannot be isolated to the place where it is being given
off, as in Bord and Pillar. And in Longwall, the men being closer together,
should an explosion occur, more are likely to be killed.

mary.—Longwall 1s suitable for thin seams (less than four feet) or very
thick (more than twelve: feet) seams, lying at any angle: especially when
Lbeyb roduce sufficient refuse for stowage and contain no gas and few
troubles.

Bord and Pillar is suitable for seams of moderate thickness (from 34 to 8
feet) lying at low angles, especially if there be gas and troubles.

WORKING OF ANTHRACITE SEAMS.

HINTS FOR LARGE S8EAMS WHEN THE COAL IS SOFT AND SHELLY OR SLIPPERY,
AT AN ANGLE OF MORE THAN 50° AND GENERATING LARGE QUANTITIES OF
FIRE-DAMP.

The great danger to be guarded against i3 the sudden liberation of gas
should a breast ‘“run,” that is, should the coal at the face loosen and run out
by its own gravity, only stotﬂ»ing when it chokes or fills up the open space
below. To meet these condi ions, the air-course may be driven above the
gangway and used as a return, the fan being attached as an exhaust, and the
working-breasts ventilated in pairs. The inside man-way of onc of a pair of
breasts is connected with the gangway for the intake and the outside man-
way of the other breast with the return air-way, giving each pair of breasts a
separate split of the current. In collieries where this system of working is fol-
lowed the coal is soft. A new breast is worked up a few yards, but as soon as
1t is opened out, the coal runs freely and the man-ways are pushed up on each
side as rapidly as possible, to keeg up with the face. The two miners, one on
either side, sometimes finish a breast without being able to cross to each
other. The work is done exclusively with safety-lamps, and when a breast
‘“runs’’ the gas is liberated in such quantities that it uently fills breasts
from the ¢op to the air-way before the men can get down the man-way on the
return side. When the gas reaches the cross-hole, it into the return
air-way without reaching any part where men are working. Should a ‘“‘run”
of coal block a breast by closing the man-way it affects the current of one
pair of breastsalone. Asthe gangway is the intake, leakage at the batteries
passes .nto the breasts, as the cross-holes are above their level and the gas is
thus kept above the starter when at the draw-hole. The gangway, chit:s_/
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and air-way are sup})lied by wooden pipes, which connect with a door behind

the inside chute. Ifa breast runs up to the surface,it does not affect the

return air-way, as it is in the solid.

2 Among the disadvantages urged against this system of working are the fol-
owing :

1t increases the friction, as the air must pass in the air-way all the distance
from the breast to the fan, the area of the air-way being small in comparison
to the gangway or intake.

As the faces of the breasts are so much higher than the return air-way, the
lighter must be forced down into the return against the buoyant power of
its smaller specific gravity. .

. The reduction of friction obtained by splitting is neutralized by each split
running up onesmall manwayand down another; the advantage of running
through several Pille.r headings and thus securing a shorter course being lost.
This can be partly obviated by ventilating the breasts in groups, but the dan-
gers avoided in splitting are increased.

Black-damp, which accumulates in the empty or partly empty breasts,
works its way down and mixes with the intake current, as there is no return
9u|;r§nt ;n the breast strong enough to carry it away, the return being closed
in the air-way.

All things considered, when the seam is soft and has a pitch of 40° and
upward, and emits large quantities of in sudden outbursts, as in running
breasts, this system is the best that can be adopted.

WHEN THE COAL I8 HARD AND GAS IS NOT FREELY EVOLVED.

The reverse of the system just described is followed at some collieries where
the coal is hard and but little gas is encountered. The air-way is driven
over the gangway or against the top, the fan being used to force the air
inward to the end of the air-way. The air is distributed as it returns, heing
held up at intervals by distributing doors placed along the gangway.

Among the advantages claimed for this plan are the following:

As the pressure is outward, it forces smoke and gas out at any openings
which may exist from crop-hole falls or other causes.

The warm air from the interior of the mine returning up the hoisting-slope
or shaft prevents i* from freezing.

As the currentiscarried from the fan to the end of each lift without passing
through working-places, the opening of doors as cars are passing, &c., does
not interfere with the current.

If a locomotive is used, the smoke and ﬁfﬂ generated by it are carried
away from the men toward the bottom. comotives are generally used
only from the main turnout to the bottom. .

An objection to this system is that the gangway, as the return, is apt to be
smoky. ~Starters and loaders are forced to work in more or less smoke, and
even the mules work to disadvantage, while if gas is given off, it is passed out
over the lights of those working in the gangway.

However, in places where there 1s but little gas, and air-ways of large area
can be driven, this plan works very satisfactorily, and some of the best-ven-
tilated collieries are worked upon it.

An objection advanced by some against forcing-fans is that they increase
the pressure, thus damming the gas back in the strata. In case the speed of
the Fﬂ.n is slacked off, the accumulated gas may respond to the lessened pres-
sure and spring out in large volumes from its pent-up state. This argument,
however, works both ways. An exhaust fan, running at a given speed, is
taking off pressure, and if anything occurs to block the intake the pressure is
digniqu;lh , and the gas responds to the decrcase upon exactly the same
principle.

HINTS FOR THE SMALLER SEAMS WHEN THEY ARE SMALL AND LAY FROM
HORIZONTAL TO ABOUT 10°.

Two gangways may be driven, the lower or main gangway being the
intake. Branch gangways should then be driven diagonally or at a slant,
with a panel or group of working-places on each slant f:mgwn . Large
headings should connect the panels. In this system the airis carried directly
to the face of the gangway and up into the breasts, returning back througil
tho working-places. The intake and return are separated by a solid pillar,
the only openings being the slant gangways on which are the panels.

The advantages of this plan are several:

The main gangway is solid, with the exception of the small cross-holes con-
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necting with the ngwa.g above; these furnish air to the gangway and are
small and easily kept tight. These stoppings should be built of brick, and
made strong enough to withstand concussion.

A full trip of wagons can be loaded and coupled in each panel or section
without interfering with or detaining the traftic on the main road ; one trip
can be loaded while another is run out to the main gangway for trans-
portation to the bottom.

The only break in the intake current is when a trip of cars is taken out
{from or returns to & panel or section ; this can be partially provided against
by double doors, set far enouih apart to permit one to close after the trip
before the other is opened. This distance can be secured by opening the first
three breasts on a back-switch above the road through the gangway-pillar. or
by running each branch over the other far enough to obtain the distance for
the double doors.

Ifit is not desired to carry the whole volume of air to the end of the air-
way, a split can be made at each branch road. These will act as unequal
splits in reducing friction, and although not theoretically correct, are prefer-
tS)le to dmg?m the whole current the full length of the workings.

The objections urged to this plan are :

That it involves too much expense in the large amount of narrow work at
high prices necessary to open out a colliery; that it necessitates a double
track the whole length of the lift, and that the grade ascends into each panel
orsection. But the latter criticism falls, because the loss of power haulin
the empty wagons-up & slight grade is more than made up by the load
wagons running down, while the mules are away putting a trip into another
panel or section,

For a large colliery this is, without doubt, the best and cheapest system.

WHEN THE SEAM IS SMALL AND LIES AT AN ANGLE OF MORE THAN 10°,°

In small seams lyinﬁ at an angle of more than 10°, and too small to per-
mit an air-way over the chutes, it is more difficult to maintain ventilation.
If air-holes are put through every few breasts, and a fresh start obtained by
closing the back holes, or if an opening can be gotten through to the last
lift as often as the current becomes weak, an adequate amount of air can be
maintained, because the lift worked can be used as the intake, and the
abandoned lift above as the return, To ventilate fresh ground, the filling ot
the chutes with coal will have to be depended upon, or & brattice must be
carried along the gangway. This can be done for a limited distance only, as
brattice leaks too much air, As a rule, collieries worked upon this plan are
run along until the smoke accumulates and the ventilation becomes poor ;
then a new hole is run through and the brattice removed and used as before
for the next section. This operation is repeated until the lift is worked out.
Sometimes, to make the chutes tight, canvas covers are put on the drawholes,
but, as they are usuallg left to the loaders to adj]ust, they are often very
im&erfectly applicd. Then, as the coal is frequently very large, the air will
leak through the batteries.

This plan works very satisfactorily if the openings are made at short inter-
vals, say as frequent as every fifth breast, but the distance is usually much
greater to save expense. As the power of the current decreases as the dis-
tance between the air-holes is increased, good ventilation is entirely a ques-
tion of how often a cut-off is obtained.

An effective ventilation could be maintained in a small seam at a heavy
angle by working with short lifts, say two lifts of fifty yards instead of one of
a hundred, as at present. The gangways should be frequently connected,
and one used as an intake and the other as a return. This would necessitate
driving two g:ngways where one is now made to do, but the additional ex-
pense would be made up in the greater proportion of coal won.

SPECIFIC GRAVITY AND WEIGHT OF CUAL.

To determine the specific f““'i of coal, take a small piece of coal, suspena
it by means of a horse-hair from the under side of the pan of a carefully-ad-
justed balance, and weigh it both in and out of water: divide its weight in
the air by the loss of weight in the water, and the quotient is the specific

vity.
gravity Example.

A piece of coal weighs, “i;' 480 grains.
Loes of weight when weighed in water, 396 grains.
Then $§§ — 1'206, specific gravity of the coal compared with water at 1°000.
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As a cubice foot of water weighs 1,000 oz., the weight of a cubic foot of any
substance can be found by multiplying its specific gravity by 1,000.
The following table gives the weight and specific gravity of various coals:

Weight of a Cubic | Weight of & Cabic
Yard in Tous.

Name of Coal. 8. G. Foot in Lbs.

Newcastle Hartley, England 1-29 806

Wigan, 4 feet, Englan 1-2 75° 914
Portland, England ...... 1-30 812 ‘978
Anthracite, Wales..... 1-39 86 1-047
Eglington, Scotland .. 1-25 781 ‘941
Anthracite, Irish ...... 159 994 1198
Anthracite, Pennsylv - 155 96'9 1167
Bituminous, Penunsylvania 1'40 875 1054
Block Coal, Indiana ............ 1-27 794 956

PRODUCE OF BITUMINOUS SEAMS.

A ready way of finding the ﬁusntit;' of available coal in a given area of a
seam is given by W. Fairley, M. E,, of England. He takes an acre of coal one
inch thick to contain 100 tons. This leaves a sufficient margin for faults and
loss of working. Thus, & vein of coal twenty-four inches thick will yield 2,400
tons per acre.

To ascertain the exact quantity of coal under a given area—presuming the
seam to be of regular thickness and quality throughout—find the specitic
gravity; then, as this represents the weight of a cubic foot in ounces, it i8
simgly a matter of calculation to obtain the gross weight.

The exact weight of coal-seams can be got from the table below :

‘Weight in the Natural Bed, per Acre Welght of a Cubic Foot in the Beekes
Specific Gravity. per Inch Thick, in Tons. State, in Lbe. ;
Large Coal. |  Small Ooaly,
———a
110 11411 42'62 T w
1156 116475 4456 8881 - ™
120 121'540 46'50 4050 * -
125 126-604 48-43 4218 ¢
1:30 131°668 5037 4387 <
135 136732 52:31 4558
1-40 141796 54:25 472
145 146'860 56'18 4898
150 151'925 58'12 5062

The weiiht of coal in its broken state, that is;as it comes to the surface in
cars or otherwise, will depend on its mechanical structure; it has been .
ascertained by experiment with bituminous coal in Enﬁland that, as brought
to the surface, it weighs, if large, in proportion to the solid coal as 62 is to 100,
and the weight of the small as 54 is to 100,

. If, then, the figures in the second column be multiplied by the number of
inches any bituminous coal-seam is in thickness, the result will be the con-
tents per acre in tons.

TABLE SHOWING THE NUMBER OF TONS OF COAL UNDER A SQUARE MILE
AT DIFFERENT THICKNESSES.

Feet. Tons. Fect. Tons.
1 972,320 i 9 8,750,880
2 1,944,640 I 10 9,
3 2,916,960 i 20 19,446,400
4 3,889,280 i 30 29,169,600
5 4,861,600 Iy 40 38,892,800 .
6 5,833,920 ' 50 48,
7 6,806,240 60 58,
8 7,778,560 i | 68,0

PRODUCE OF ANTHRACITE COAL-SEAMS.
In making calculations upon the net product—or amount of prepared cosl
that can be shippe«l from a given arca of an anthracite coal-seain—allowance
must be made for the loss in mining and in preparation. This allowance will
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vary with the seam, and will be far larger in the Mammoth seam than in
those which are not so thick. The result of experience in the anthracite
region appears to be that the larger the seam the smaller, proportionally, is
the amount of coal saved.

Mr. Joseph 8. Harris, in his report on the value of the coal-lands belongigg
to the Philadelphia & Reading Coal and Iron Company, in 1880, estimat:
that 274 of the contents of all the seams on the company’s estate was all that
could be shipped to market. Improved mining methods, stricter economy in
preparation, and the utilization of the smaller sizes, enables this percentaﬁe
to be greatly increased, and in some instances as high as 65% of the coal in the
vein is shi‘pged. This large percentage is, of course, in exceptional cases. An
ave of to 50% is about right for the amount shigped at this date.

Mr. tt, of the Pennsylvania Geological Survey, thus summarized the data
collected on * Breaker Waste ' :

The breaking and screening by hand in the old-fashioned way lost 6:28%;
by the present breaker and screens, 1527 ; so that the breaker is to be held

argeable with extra loss over the old styie of 9%,

With reference to waste in the preparation of Anthracite coal, Mr. Joseph
S. Harris, who has made experiments with the *old style rollers, or those
with cast-iron teeth, and the “new style’ or those with movable steel teeth
inserted in a cast-iron body, says, with the * new style’ there is a direct sav-
ing of from 3 to 5!4% in breaker-waste, bringing down the percentage in pre-
paring the product of the Baltimore or Mammoth seam to an average of 12,

SPECIFIC GRAVITY AND WEIGHT OF PREPARED ANTHRACITE COAL.

To Mr. Irving A. Stearns, the General Superintendent of the Pennsylvania
Railroad Company’s Coal Department, we are indebted for the following
summary of tests made by the mining enigineers of the company.

In a series of tests to ascertain tho specific gravity of the coal from different
seams worked by the compeny, it was found that the average sgeciﬁc gravity
was 1'4784, and the average weight per cubic foot was 92°50 bs. This was
calculated for space filled at breaker without settling. Add 5 for packed
spaces or large heaps,

TABLE SHOWING WEIGHT PER CUBIC FOOT OF SUSQUEHANNA COAL COMPANY'S
‘WHITE ASH ANTHRACITE COAL.

VENTILATION.

GENERAL PROPERTIES OF AIR AND GASES.
(MERRIVAL®.)

Air and may be defined as elastic fluids in contra-distinetion from
liquids, which are inelastic fluids. . )

he elasticity of the air is used to determine the ventilating-pressure in }f"
mine by means of the water-gauge.
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Air and gases are ponderable, that is to say, they have weight; but the
weight of a given volume depends upon its pressure and temperature.

Pressure.—The weight of a given volume of an{aga.s varies as the pressure.
In order to find the pressure of the air, we use the barometer.

The standard atmospheric pressure at 32° Fahr. and sea-level = 29922 in.
mer. = 14-696 bs. per sq. in. = 2,116 bs. per 8q. ft. = 26,213 ft. of homogeneous
air-column = 339 ft. of water-column.

To reduce a barometer rea«:llnﬁ1 at any point above sea-level to the corre-
sponding reading at sea-level, the following approximate rule is given by
Mattieu Williams in ‘ Science in Short Chapters” :

To the observed reading add 0'1” for cach

85 ft. up to 510 ft. that the point is above sea-level.
90 ft. from 510 to 1,140 ft.
95 ft. from 1,140 to 1,900 ft.

100 ft. when above 1,900 ft.

Thus, 28” at a point 2,000 ft. above sea-level = 30-2” at sea-level.

Correction for Temperature.—Mercury expands about 0'0001 of its volume for
each degree Fahr. To reduce, therefore, a reading at any temperature to the
corresponding reading at the standard temperature of 32°, subtract yuss Of
the observed height for each degree above 32°; or, if the temperature be
below 32°, add y5}yy for each degree,

Depth of pits:
If R = Reading of barometer at lower station.
, r = Reading of barometer at higher station.
: T = Temperature Fahr. at lower station.
‘ t =: Temperature Fahr. at higher station.
i H =: Difference of level in feet.
. . T+t
( H - 56,300 (Log. R — Log. 1) (1 + '900*)
s Log. R —— - - gy ¢ Log. T
55,300 (1 + ° s
More gimply :

__ R—r T +t
B =a90,000 (2 77) (14550

49.000 (900 + T - t) -+ 900 H)
(49,000 (900 + T +t) — 900 H)

Very roughly, the mercury rises 1 inch for each 150 fathoms of depth.

Temperature.—The weight of & given volume of any gas varies inversely as
its absolute temperature. Absolute temperature = 459+ Fahr. temp.

To find the weight of a given volume of any gas at any known temperature
and pressure, 459 cu. ft. of air at 0° Fahr. and bar. 1 in. weigh 13253 hs.
Therefore, if

S Re=r

V == Volume of air in cu. ft.
W = Weight in bs.
== Barometer in ins.
== Temperature Fahr,
1'32531V
W=t
To find the weight of any other gas, multiply the weight of air by the
P an e Boavos Tt i e ted that the a
as in Goaves.—It has been estimated that the air-space in a goaf is equ:
about one-sixth of the volume of the coal extracted. pac 8 ual to
Gases enclosed in the pores of coal must be distinguished from the
that enter into the chemical composition of coal. Sundry analyses of these
enclosed, or occluded yases as they are called, are given in the following table:

ot -y
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GASES ENCLOSED IN THF. PORES OF COAL AND EVOLVED IN VACUO AT

212° FAHR.

Name o" Colliery. | Quality. | COg. 0. CH.| N. per‘::o“gnfn. ‘l’;;:"?l.f:f'
Navigation .. Steam.| 1321 | 049 |8164! 466 250 90
Dunraven . do. 546 | 04 |8422( 988 218 8

. 890 102 67°47 | 12°61 147 52
25 034 86'92| 349 876 135
! ceeee 9318 | 425 555 199
-, 8418 | 110 600 216
080 |........ 6278 559 20
. X 105 6376 | 2975 551 198
Bettwys ....cc...oo.! do. 22'16 | 6°09 268 | 69'07 240 86

(Thomas.)

Transpiration of Gases.—That is to say, the passage of gases through minute
tubes, such as the pores of coal. :

Name of Gas. 'l‘imenE!::.T \'olur;un.' of \ of t

0Oxygen (0)..ccccerrrececseesriessanns 1-000 1-000
e - b
b\ n 0-8768 3
Carbonice 0-8737 1-145
Carbonic Acid (CO 07300 1-370
Marsh Gas (CH 05510 ‘816
Etl:{lene ( 05051 1-980

Iydrogen (H) 04370 2288

0

Practical Boarim{)—Gases flow from green coal into workings. Blowers.
Gases assist hewer by breaking down coal.

The Diffusion of Gases.—When two gaseous bodies are mixed together they
gradually diffuse themselves through each other; so that, after sufficient
time has elapsed for the gurpose, whatever may have been their relative den-
sities, they are found intimately blended; the heavier gas does not fall to
the bottom, nor does the lighter one rise to the top.

- RELATIVE VELOCITY OF DIFFUSION.

8p. G /'SP G, ! Tusion, Al betng
P V-G V8. G u::: as rmm-;l.’
1000 1000 1-000 1-000
006926 02632 87794 383
0559 07476 1-8375 1-344
06235 0-7896 12664 | ...
09678 09837 10165 1'0149
09718 0-9856 10147 10143
09889 10112 1-0191
1-0515 0-9510 0°9487
) 10914 09162 09
Carbonic Acid (C O,) 1-2365 08087 0812

The above table shows that ﬁre-dnmr mixes with air more readily than
stythe does; and fire-damp, therefore, is more easily cleared away by the
veptilating current than stythe is.



66 COLLIERY ENGINEER POCKKT-BOOK.

FIRE-DAMP ANALYSES,

I
|

Name of Colllery. CH,. | N. 0. | €O,. 4 H.
Wallsend, from pige on surface ...........;] 928 | 69 [ 000 | 03 | 00 | 1900
Jarrow, Bensham Seam ........ccceeeareense.| 831 | 142 06 21 00 |1000
Hebburn, " eseses veeeees| 86°0 | 12:3 00 17 00 | 1000
Jarrow, Low Main 8eam .......cceersnaenne| 797 | 148 30 20 03 93
Jarrow, £ Seam 934 | 49 | 00 | 17 00 | 1000
Oakwellgate, Do......... reeresnsesasaresennnnnned 982 | 193 1 00 | 05 | 00 ;1000
Hebburn, Coal 24 ft. below Bensham...[ 927 | 64 | 00 | 09 | 00 (1000
. (De La Beche and Lyon Playfair.)
CHEMISTRY.
Oomzéounds and Elements.—Substances may be divided into three classes:
(1.) Chemical compounds—those substances which can be split up by chem-
ical processes into two or more difterent materials. :

(2.) Chemical elements or simple substances—those which have hitherto
resisted all attempts to split them up into two or more different materials.
There are at present about 63 of these bodies.

(3.) Mechanical mixtures—substances formed from & mixture of the above.

ATOMS.

The atomic theory has been adopted to explain the fact, that in chemical
combinations elements unite in fixed proportions.

An atom is the smallest particle of an element that can enter into chemical
combination with other elements,

Atoms are inca.%ble of being divided.

’ljheh tatoms of the same substance are similar to one another and equal in
weight.

Tﬁe atoms of different substances differ in weight.

The weight of the atom of hydrogen being taken as the unit; the atom of

oxygen weighs 16, the atom of nitrogen 14, and so on.
. CHEMICAL SYMBOLS.
The atoms of the elements are represented by symbols; the first letter ot
the name being g‘enemlly taken to express the atom.
'hus, the atom of Oxygen is denoted by O.
“ . Nitrogen ‘“ .
. «“ Hydrogen “ H, ete.

These symbols represent definite weights of the ctive elements. H
regresent.s the unit of atomic weight, <. ¢., the weight of the hydrogen atom,
whatever that may be.

O represents a weight of Oxygen = 16 Hydrogen atoms.
N ‘“ Nitrogen = 14 “
C “ Carbon =12 “

The symbols and atomic weights of the elements we are interested in are

given in the following table: .

SYMBOLS AND ATOMIC WEIGHTS.

Name of Element. Symbol. Atomic Weight.
oxygen ....... [)) 16
Hydrogen . H J U
Nitrogen, N 14 . u
Carbon C 12 . 1w
Sulphur S 88 1. rrab
Phosphorous.................. e tnersansenereses raeansarane P 81 .« o
CRhIOTINE .......ceeriirarnrenssensecerenrenerernnmsennereseees . Ql 855 s,
Potassium.............. K 897wy
Sodium ..... Na 28 ¢« -0l
Calcium........... Ca 40 - o
Manganese ..... Mn [ ISR
Magnesium . Mg 2% i
Fe 56 - OiR:
Zn 65 R

MOLECULES AND FORMULZ.

The group of atoms forming the smallest particle of a compound which can
exist in « free state, is called its molecule ; and the molecule of a compound is
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expressed by putting together the symbols of the atoms which compose it.
This group of symbols is called a formula.

Thus the molecule of water contains one atom of oxygen, and two atoms
of hydrogen, and may, therefore, be expressed by the formula HHO. When.
however, several similar atoms are tpresent the symbol is only written once.
and a small number on the right of it, and a little below, to show how many
atoms are present

Thus the formula for the molecule of water is H,O.

When more than one molecule has to be represented a number is placed on
the left and level.

Thus four molecules of water are represented by 4H,0.

The molecule of many of the elements consists of two atoms.

CHEMICAL EQUATIONS,

Chemical changes are represented by equations.

Thus, Zn X H;80, = H, + ZnSO, signifies that 65 parts by weight of. zine
reacting on 98 parts by weight of sulphuric acid, form 2 parts by weight of
hydrogen and 161 parts by weight of zinc sulphate.

Equal volumes of all gases contain, under the same conditions, the same
number of molecules, equations therefore, representing changes in which
gases take part, may be read off at once in volumes ! .

If the volume occupied by one atom of hydrogen be taken as unity, one
molecule of each of the gases will occupy two such volumes. Thus:

CH, + 20, = CO, + 2H,0
may be read :

.
Two volumes of marsh-gas and four volumes of oxygen, form two volumes
of carbonic acid gas and four volumes of vapor of water.

THE GASES.
Ozygen.—Symbol, O ; atomic weight, 16.

1,000 cubic feet at 32° Fahr and bar. 30 in. weigh 89-842 Ibs.

Oxygen forms by weight § of water, } of the atmosphere, and 3 of the solid
crust of the earth. Itwas discovered b: Priestley in 1774 and has neither
color, taste, nor smell. Oxygen is occasionally round amongst the occluded
gases : but principally occurs in mines as a constituent of air. It is essential
to life ; but, undiluted, it is not fit to be breathed for more than a short time.
It supports combustion, and substances which burn in air burn fierecly in
oxygen.

It may be prefared from & mixture of potassium chlorate four parts and
manganese dioxide one part, mixed together and heated. The whole of the
oxygen contained in the potassium chlorate is given off, and a compound of
potassium and chlorine remains. ’

Potassium | __ { Potassium N
Chlorate } = i(chloride } + Oxygen.
2KCIO, = 2KCl + 30,.

‘The manganese dioxide is unaltered ; in fact the oxygen could be obtained
from potassium chlorate alone; but it is found in practice that the presence
of manganese dioxide materially assists the operation.

Carbonie Ozide.~Formula, CO; molecular weight, 28.

1,000 cubic feet at 82° Fahr and bar 30 in weigh 78:305 Ibs,

This §as is the result of imperfect combustion When a body containing
carbon is burnt in air, each atom of carbon will combine with two atoms of
oxygen to form carbonic acid gas: but, if there is not sufficient air to pro-
vide two atoms of oxygen for each atom of curbon. that is to say, if the com-
bustion of the carbon is incomplete, carbonic oxide is formed.” It has been
detected in rare cases amongst the occluded gases; and is also produced by
the combustion of coke, charcoal, and gunpowder ; and must in many cases
be one of the constituents of after-damp. X

It has neither color taste, nor smell, but is exceedlnﬁly poisonous; 4%
in the air, if breathed for long_ producing fatal results, It does not support
combustion, but itself burns with a blue flame, forming CO,. Such a pro-
Fortion of this gas can be mixed with air, as to form a mixture in which
amps will burn, and at the same time its effect on ?elsons breathing it
iwill ?e speedy death. Ignorance on this point has resulted in many deaths

n mines.

It may be prepared from hydrogen oxalate, treated with hydro%en sul-

phate. Carbonic oxide and carbonic acid are driven off, the latter of which



68 COLLIERY ENGINEER POCKET-BOOK.

is'removed by passing the mixture through a solution of potassium hydrate ;
but, as this gas is very poisonous, it is best not meddled with by unskilled

TRONS,
ﬁe drogen Hydrogen Carbonic Carbonic Hydrogen
Lxolste *+ Sulphste = Omide T Acid .+ Water + ,Buylphme.

T A~
H,C,0, + H;80, = cO + €O, + H;0 + H,S0,
Hydrogen.—Symbol, H; atomic weight 1.

1 cubic feet at 32° Fahr. and bar. 80 in. weigh 55832 ibs.
ﬁydmgen has neither color, taste, nor smell. It is very inflammable,
burning with an almost colorless flame. If breathed in its undiluted state,
it quickly causes a very disagreeable sensation; but this i8 due to the
exclusion of ox{sg:n from the lunﬁand not to the properties of hydrogen,

y

which is not Po nous, and ma breathed when diluted with ten times
it& vglume of air, for a considerable time, without experiencing any {ll
. effec

The experiments of Me{er and Thomas show that, in an explosion of
marsh. and air, the whole of the marsh-gas is broken up; and, if there be
too litt ef air t& form carbonic acid gas and water, carbonic oxide and hydro-
gen are formed.

It may be repa.red by treat zine with hydrogen sulphate. The hydro-
gen Isdrivenpo , and t,hye zin(?lt\lﬁphate is left behind.

Zine + g&%m= Hydrogen + Zinc Sulphate.

Zn + HS0, '= H, + ZnSO,

Combined with carbon in the proportion of 4 parts by weight of hydrogen
to 12 of carbon, it forms marsh-gas, the principal constituent of fire-damp.

Hydrogen Sulphide.—Formula, H.8 ; molecular weight, 34,
1,000 cubic feet at 32° Fahr. and bar. 30 in. weigh 94-02 b,

ydrogen sulphide, or sulphureted hydrogen as it is more generally
called, is a.colorless gas, but has a strong smell not unlike that of rotten eg%s
‘It is generated in small quantities in coal-mines, more especially in old
worked egort,ions, which are partly filled with water. By the action of oxygen
dissolved in water, sulphates are formed; props in undergoing decomposi-
tion in water break up the sulphate of lime, and assimilate its oxygen, the
sulphur seizing probably the hydrogen of the wood to form hydrogen sul-
phide.” (Thomas’s “ Coal-Mine Gases, and Ventilation,” g 204.

It does not support combustion, but is itself inflammable, forming water
and sulphurous anhydride (H,0 + 80,). Breathed in an undiluted state, it is
fatal to life ; and when diluted with ten times its volume of air, it produces
sickness, giddiness, weakness, and loss of sensation.

This gas may be prﬁpared from pmto-sulﬁhide of iron treated with dilute
Pyd n chloride. Hydrogen sulphide will be given off, and iron chloride
ormed.

Iron Proto Hyd mn _ Iron Hyd n
Sulphide + “Chiortde = cnloride * sulpbide.
e8 + 2HCl = FeCl, + 2S.

Nitrogen.—8ymbol, N ; atomic weight, 14.

1,000 cubic feet at 32° Fahr. and bar. 80 in. weigh 78175 Ibs,

Nitﬁen has neither color, taste, nor smell, and is incapable of sugporting
combustion or animal life, but is not poisonous, causing death when
breathed only by excluding ox{gen from the lungs. It is found in )
quantities amongst the gases occluded in some coals; but occurs principally
in mines as a constituent of air.

Mixed with oxygen, it forms air, and the readiest way of obtaining it for
experiment is to withdraw the oxygen by the action of some augsmnee
which has an affinity for oxygen and not for nitrogen. Phosphorus is con-
venient for this egurgose, since it readily combines with oxygen; and the
compound formed, phosphorus pentoxide (P,0,). is soluble in water, and is
therefore quickly absorbed when the experiment is made over the pneumatic
trough, leaving the nitrogen nearly pure.

Carbonic Acid Gas.—Formula, CO,; molecular weight, 44. .

1.000 cubic feet at 32° Fahr. and bar. 30 in. weigh 12845 Tbs.

Carbonic acid gas has neither color nor smell, but an acid taste. Itis
found in large quantities amongst the gases occluded in some coals; but is
also produced in mines by the respiration of men and animals, by the burn- 1
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ing of candles and lamps, and by the oxidation of the coal and other sub-
stances.

It extinguishes lights, and is fatal to animal life. :

It may be prepared by the decomposition of marble by hyd n chloride.
Cartxin c acid gas is given off, caleium chloride and water are formed in the
vessel.

Hydrogen __ Carbonic , Calcium
Marble + ‘Ghioride = Acid Gas T Chloride + Water.
CaCOy, + 2HCI = CO, + CaCl, + H,0

Fire-Damy —Marsh Formula, CH, ; molecular weight 1s.

1,000 cubic feet at 32° Fahr, and bar. 304n. weigh 45°22 bs. i

Fire-damp is a mixture of several gases, its principal constituent being
marsh-gas, CH,; but its composition varies at different collieries, as shown
in a previous table; and, in addition to these gases, coal-dust is often pres-
ent. It is only found in mines as an occluded gas.

Marsh-, ma¥ be pre by heating & mixture of sodic acetate and sodic
hydrate in an iron tu Marsh-gas is driven off and sodic carbonate is
formed in the tube,

Sodic + Sodic _ Sodic + Marsh
Acetate Hydrate — Carbonate Gas.
NaC,H,0, + NaHO = Na,CO, + CH,.

For making experiments ordinary coal-gas may be used, though it differs in

composition from average specimens of fire-damp.

COMPOSITION OF FIRE-DAMP AND COAL-GAS.

. CH,. H___ |~ co. €Oz |_CaHee [ N
Fire-damp.......| 940 0 | 0 10 | 0 , 50
Coal Gas.........| 420 420 45 0 90 25

The exact effects of fire-damp upon_combustion and animal life depend
upon its composition, temperature, and density; but speaking generally, at
ordinary temperatures and pressures, when mixed with 8:5 times its volume
of air, it does not explode, but burns quietly ; with 5'5 volumes of air it ex-
plodes slightly ; and with about 94 volumes of air the explosion is the great-
est. With 13 volumes of air, it explodes feebly ; with 80 volumes of air, it
will show plainly on the lam? ; with 50 volumes of air, it can just be
detected on the lamp by a skillful observer. If breathed in an undiluted
state, it would soon cause death; but, mixed with twice its own volume of
air, it may be breathed for some time without ill effects.

2 Ari explosion of marsh-gas and air by volume.—(1) Suppose we have of CH,
volumes.

g) C requires O, = 2 volumes of oxygen, forming 2 volumes of CO,.

« 8180 requires O, = 2 volumes of oxygen, forming 4 volumes of h,o.

(3) CH, .. requires 4 volumes of oxygen. But 1 volume of air contains 21
volumes of oxygen.

.". 19 volumes of air will be required for 4 volumes of oxygen.

%volumes of air are required for1 volume of CH,.

And the composition of the after-damp is 1 volume CO, + 2 volumes H,0
(steam) + 7% volumes N.

In practice. the exact composition of the after-damp will depend upon the
composition of the explosive mixture. In every case the whole of the marsh-
gas will be broken up and—if there be insufficient oxygen to consume all the
marsh-gas and coal-dust, if the last be present—some carbonic oxide and
hyd n will be formed. In all probability, carbonic oxide is formed in the
:tl‘mjo' ty %xplosiom in mines. (Thomas’s * Coal-Mine Gases, and Ventila-

on,”” p. 323.

The g)ree Jeveloped by an explosion of marsh-gas and air depends upon a
multitude of circumstances, many of which cannot be determined in the case
of an explosion in a mine. But in the case of a mixture of marsh-gas and air
in the most explosivé proportions, and enclosed in a strong vessel, we can cal-
culate the force developeg? as fallows:
( Bge b. %i ;EH. burning to CO, and H,O yields about 23-550 units of heat.
p. 4.
Let the initial temperature be 62° Fahr. = 521° absolute,
1®.CH, =120z, C + 40z. H, .
12 0z. C + 82 0z. O = 2'75 Ibs. CO,.
40z. H + 820z. 0 = 225 bs. H,0.
'And 64 0z. O are contained in about 17 e, air.
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We have then, taking specific heat at constant volume, .
CO, 275 X 1711 = -470 units of heat to raise 2'75 bs. CO, one deg.

H0 225 X 364 = 819 do. 225 s, H,0 one deg.
N 1300 X 1727 — 2245 do. 1300 s, N'one deg.
18:00 8534 18:00
Then the degrees the mixture wﬂ;;e ra(‘;zsd are ~;.-o° = 6663° Fahr., and
_'.
the volume it will seek to attain ="""gp1 = 138, i. e, the steady pressure

' due to the explosion = 13'8 atmospheres; but to this must be added a con-
siderably increased force due to shock, the amount of which cannot be caleu-
lated. When it is remembered that 13'8 atmospheres are equal to 30,000 fos.

r sq. ft., whereas the force of a hurricane moving at the rate of 100 miles an

our is onlviggd ibs. per sq. ft., some idea of the terrific force of an explosion
may be real 3 .

.\yt the Haswell Explosion, in 1844, Faraday and Lyell drew attention to the
part that coal-dust might play in an explosion ; but, though the question has
cropped up from time to time since, it is only recently that the matter has
been thoroughly investigated. Mr. Galloway has within the last few years
proved that an explosion may be caused with coal-dust and air, without the
presence of any gas. (See Trans. Roxal Soc. 1876—1884, and *‘Nafure,” 6th
Nov., 1884.) And it is now admitted that many of the most violent explosions
of recent years were due in part, if not entirely, to coal-dust. (See ‘‘Explo-
sions in Coal-Mines,” by Atkinson.)

The detection of fire-damp is usually effected with the Davy lamp: bnt,
since it has been shown by Sir Frederick Abel that, if coal-dust be present,
154 of gas in the air will render the mixture explosive, a more delicate test is
required. The following detectors are described in the Trans. N. E. L., viz. :

Ansell's, vol. xv.: Steavenson’s, vol. xxvi.: Liveing's, vol. xxvii.; Forbes",

vol. xxix.: and Maurice’s, vol. xxxvi. Chatellier has introduced a lamp

with screen and two shields for the same purpose.

METHODS OF DEALING WITH FIRE-DAMP.

Remoral by Firing. Now no longer ticed. Drainage of goaves by pipes
to the upcast (See Faraday and Lyell’s report on the Haswell Explosion), or
by bore-holes to the surface; both impracticable, Drainage of whole coal by
bore-holes and gas-drifts in a higher seam might answer in certain cases.

Dilution with Air. 3

Absence of Heat. Heat is required for light and for shot-firing. The steel
mill of Spedding about 1740. Reflected light, and fish-skins have been tried.

The safety-lamp, due to Clanny, 1811; Davy and Stephenson, 1815. The
safety of the lamp depends u%m the fact that metal gauze permits air and
light to pass, but not flame. The conducting power of the gauze is impaired
by over-heating, broken wires, dirt, or exposure to a current of gas.

The maximum of safety, combined with the maximum of light, is obtained
from gauze with wires gy to g in. dia., and spaced with 28 apertures to thc
linear inch.

AIR,

1,000 cubic feet of air at temp. 82° Fahr. and 30 in. bar. weigh 80'9 s,

Air is a mixture of oxygen and nitrogen, with traces of some other gases,
and vapor of water. Its composition varies & little in different places.

100 cubic feet of pure dry air contain :

Oxygen..... rerserensnaennnennes 20099 cu. ft. .
Nitrogen.. .. 71898
Carbonic Acid GaS...cwemsessseccecens 0°03
10000 cu. ft.
(Angus Smith,)

100 cubic feet of ordinary air contain ;

100°00 cu, fY,
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-Air i8 purified by diffusion, the wind, rain, plants, and animals. 1t is vitia-
ted by withdrawal of oxygen, a8 in the breathing of men and horses; the
combustion of lamps, candles, and gunpowder; the conversion of iron
pyrites into sulphate of iron, 2Fe8, + 40, = 2FeSO, + 8,; the oxidation of
small coal ; &c., &c. And vitiation by the lntroductfon of foreign substances,
such as the occluded gases, the products of combustion and respiration,
vapor of water and coal-dust.

ngus Smith considers that two miners, using 34 b. candle and 12 oz.
of powder, will produce 25)s cu. ft. of CO, in 8 hours. Thomas, quoting
Boussingault. says that a horse will produce 155 cu. ft. of CO, in 24 hours,
But the quanmf, both in men and horses, is very variable, and, as certain
organic exhalations are also given off in breathing, which, though they may
not be capable of detection by chemical analysis, are more deleterious than
CO,, no estimate of the volume of air required can be formed from an at-
tempt to calculate the CO, produced.

The quantity of air u’red depends upon the conditions of each mine. In
the North of England, the volume seems to vary from 100 to 500 cubic feet

r minute per person employed, and from 80 to 160 cubic feet per min. per

n of coal worked per day,” The velocity in the workings should be about
four feet per second.

NATURAL VENTILATION,

In order to understand the theory of natural ventilation, it must be remem-
bered that the height of the atmosphere does not follow the undulations of
the earth’s surface, but that its outer edge is everywhere equi-distant
from the earth’s center, and that if it is 50 miles high from the
bottom of a valley it will only be 47 miles high from the summit
of & neighboring mountain which is 8 miles high; from which it
follows that the pressure at the summit of the mountain is always
less than it is at the bottom of the valley. Hence, if two shafts are
sunk from different surface levels to the same level of a seam and are
connected by an air-way, and there is a difference in the temperature of the
air inside and outside of the mine, there will be-a current of air created, be-
cause the density of the columns of air in the two shafts will differ.

To illustrate this, let A B be a shaft 100 feet deep and
C D another shaft 200 feet deep, connected at the bot- \
tom by the heading BD. Suppoee the air inside to be ¢
the warmest, as in winter, and for example let the
air inside weigh one-half ounce per foot of shaft Per
square yard of section, and the outside air weigh
three-fourths of an ounce for the same bulk ; then the
relation between the two shafts would stand thus:
8Shallow shaft, 100 feet at 24 ounce per foot........ 50 oz.
Outside column from A to E at 3 ounce per -

oz,

foot and 100 feet-equal ....

L 37) 125 oz. D B
Deep shaft, 200 feet at 14 ounce per foot............ 100 ¢
DIfFETENICE ...cocnsmrrrsanssasanrenraeanerecrrvereeas . 250z,

The balance in favor of the shallow shaft, 25 ounces, will make the shallow
shaft the downcast by a J)reesure equal to 25 ounces per square yard of section.
If the temperature outside were the highest, as in summer, this result would
be reversed. The difference of weight between the air in the deeper shaft
from F to C and the imaginary column A E is the pressure producing ventila-

n. .
In the case of a drift driven into the side of a hill with an air-shaft opened
to its summit under similar conditions, the same results are produced. The
difference in the weight of the air in ihe shaft and of an imaginary column
in the open air, from the mouth of the drift to the level of the top of the
shaft, is the pressure producing ventilation. In winter, when the tempera-
ture inside the drift is warmer than the air outside, the current will be up the
shaft, but in summer, when the outer air is the warmer, the current will be
reversed, and the direction will be out the drift. When the temperatures
nside and outside are equal there will be no current. Natural ventilation,
on aecount of its feebleness and liability to derangement by change in the
temperature of the atmosphere at the surface, is inaﬁe uate for operations of
considerable extent, and recourse must be had to artificial ventilation,
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- FURNACE VENTILATION.

The ohject of a ventilating furnace is to strengthen the natural current,
which it doean:ly imparting additional heat to the upcast column, and so re-
ducing its density. When air is heated by contact with the fire, it is light-
ened and is no longer able to resist the pressure of the colder air behind it.
The higher the temperature is raised, the egreawr the velocity of the current,
and the larger the quantity of air obtained.

The air r passing the furnace is enlarged in volume, and, therefore, the
upcast shaft should be larger than the downcast, to keep down the veloci
of the current. It should also be lined and dry, so as to hold the heat.
the upcast is cold and wet, the larger it is the greater will be its8 cooling-sur-
face, and under such circumstances the upcast shaft should not be too
large. If the return current of a mine is loaded with fire-damp, or black-
damp, it should not be passed through the furnace, as the one may explode
and gﬁe other partially extinguish the fire. In such cases, the current is car-
ried over the furnace to the heated upcast in a ‘‘dumb drift,” which enters
the upcast shaft about 50 feet above the furnace; the furnace being fed by a
separate split from the surface. The furnace should be located about 50 yards
from the :&ca.st shaft, and the furnacedrift should rise 1 in 6 from the furnace
to the shaft. In practice the amount of air passing varies from 4,000 to 8,000
cubic feet per minute for every foot breadth of bars, A

All other things being equal, the amount of air obtained varies as the
sq"lrmre root of the depth of the shaft.

o illustrate one of the methods of ascertaining the | , c
amount of ventilation obtained with a furnace, in the fol-
lowing diagram let AB and CD be two shafts, each 459 feet
deep and 10 ft. by 10 ft. connected by the airwa].):eDB, of the
same size and length as either of the shafts. t F repre- l
sent location of the furnace. 1’

Let the temperature of the downcast and air-way be 50°,
and the average temperature of the upcast beé 100°, then
the furnace will have raised the upcast tem; ture 50°,
and as the shaft is 459 feet deep and 459 feet of air expand
one foot for every degree of heat added to it, it follows that 8 « D
the furnace, having added 50°, will have expanded the
upcast column of air 50 feet, or, to put it more plainly, the
furnace has forced a quantity of air out at the totp of the upcast equal to what
would fill 50 feet of the shaft at a temperature of 100°,

To find the weight of this column of 50 feet, first find the weight of one foot
of air at 100°, and as this varies with the pressure, as shown by a barometer,
suppose the pressure equal to 30 inches of mercury ; then find the weight by
the formula.

1__34%;23_>; 0?;2 = 0711246 s, = weight of one foot.

As "0711246 Bs, is the weight of one foot at 100°, 50 times that amount will

be the weight of the column.
'071124&)

8:55662800 = weight of 50-toot column.
Therefore a pressure of a little over three and one-half pounds per square
foot is producing the ventilating current under these conditions.

_Having found the pressure, now find the rubbin§-surmce resented to the
air, in both ghafts an airwar?;, 80 as to get at the resistance which the pressure
has to overcome. Each shaft 10 feet by 10 feet = 100 feet area, and the four
sides, 10 feet each, makes 40 feet around each shaft and airway. This is the
perimeter, which, multiplied with the length, gives the rubbing-surface :

Depth, 459 feet.
Perimeter,
Rubbing-surface 18,360 square feet in each, and, as all three are
one size, &.ree times this quant{ty iit]he whole rubblng:surfwe:

55,080 feet = tntal rubbing-surface.

The next factor required is the co-efficient of friction ; that is, the pressure
required to overcome the resistance of the air in rubbing against the surface
of the passages of a mine exposed to the current. This is got by experiment,
and hac been found to vary with the character of the surfaces exposed to the
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current. Most authorities use the co-efficient "0000000217 pounds pressure per
square foot of area of air passage for every square foot of rubbing-surface ex-
posed to the current moving at the rate of one lineal foot per minute.

If the re per 53?5““3 foot is multiplied by the area, the product will be
the total pressure, = 355'623 pounds, and, if the rubbing surface is multiplied
by the co-efficient of friction, the product will be the pressure required to over-
come the friction at a velocitf of one foot per minute = 0011952360 pounds.
As the resistance is in proportion to the square of the velocity, if the whole
pressure is divided by the pressure necessary to overcome the friction at a
velocity of one foot per minute, the result will be the square of the veloc-
1ty, the square root of which is the v?:gfl)ocity itself,

o 0011952360 — 2771058
and V297,533 = 545 feet, the velocity per minute. The velocity multiplied by
the area of the air-way gives the quantity passing.
Velocity 545

100

54,500 cubic feet.

This is the work of a furnace under these conditions against friction. If
there was no friction to be taken into consideration, the result would be much
greater.

The power obtained by furnace ventilation is measured by the difference
between the weight of the air in the downcastand upcast shafts. The length
of the column in the downcast shaft, which would be equal in weight, to the
difference of the weight of the air in the two shafts, is called the motive

umn,
The motive-column is usmll&found by the formula :
Let M = motive-column
T = temperature of upcast
t = temperature of downcast
D= de}}t.h Otf downcast ;

and then M = D’I‘—+ 5

In the present case it may be found by dividing the pressure per squar,
foot, 355623 pounds, by the weight of one foot of the downcast air-column
which, found by the formula already given, is ‘0781113 pounds. The pressure
per gquare foot divided by this = 45:52 feet, the length of the motive-column.

Ur!\%er these circumstances, then, the air in the downcast would balance
that of the upcast with a column 45°52 feet shorter than that in the upcast.
This may be taken to be a vacuum. The theoretical velocity of air in rushing
into a vacuum is the same as the velocity that a falling body would attain at
a depth represented by the length of the vacuum, or the velocity i8 8 times
the squareroot. Inthiscase it wouldbe8 X ¥ 4552 = V 4552 X 8 — 53-968 ft.
per second, or 53968 X 60 = 8,238-08 feet per minute, or 8,238'08::< 100 -~ 323,808
cubic feet for the whole air-way. The actual current secured, therefore, is
much smaller than the theoretical result, owing to the resistances the air
meets with in its passage; the amount of ventilation obtained from the mo-
tive column depending on the length and sectional areas of the air-ways.

FRICTION OF AIR IN MINES.

Friction is produced by somethintg rubbing against something else, and
friction in ventilation is the result of the air-current rubbing a, t the sur-
face of the passages through which it is moving.

When the barometer reads 30 inches the pressure
on all surfaces ex?ooed to the air is 212025 pounds A 8
per square foot. In figure 1, let AB represent an
air-way, 4 feet wide, 4 feet high, and 1,500 feet in
length, The amount of surface in this air-way
agalnst which the air presses as it moves along is
4 + 4 + 4 + 4 = 16 feet for each foot of its length, %
and as it is 1,600 feet long—the total amount of <
pressing surface will be 16 times 1,500 or 24,000 FiG. 1.
square feet. As the pressure per square foot, a8 be-
tore stated, is 212025 pounds, the total ?%ressure on this air-way will be 24,000
times 2120-25 or 5,128,600,000 pounds, or 25,443 tons,

If an air-way only 4 feet high, 4 feet wide, and 1,500 feet long bears a pres-
sure of 25,443 tons, 1t is not difficult to see where friction comes from.

Friction i8 the result of the air which exerts the great pressure just shown,

Ry
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rubbing against the surfaced of the air-ways, and it necessarily follows that
it will increase or dcerease as the surface of the air-ways 13 increased or de-
creased, providing the velocity at which the air is fpa.ssing' remains the
same—that is, the friction isdoubled when the surface of the air-ways is doub-
led, and it follows also that if the rubbing surface is doubled, the friction
doubled, and the distance that the air must pass over doubled, the
total pressure putting the air in motion must also be doubled to produce the
same velocity of the air-column and to furnish the same l&l;antlty of air.
Hence, if a given pressure is moving air in an air-way 500 yards long, and the
air-way is extended to 1,000 yards in length, the resisting surface will be
doubled, the length theair has to will be doubled, and the pressure will
also have to be doubled to maintain the same velocity and quantity.

This leads to the consideration of another condition as regards the extent
of the resisting surface. In ventilation, pressure is measured by an instru-
ment known as the water-gauge, which is & meas-
ure of the difference of the density of the intake and
return air, and consequently is & measure of the
amount of pressure putting the air in circulation ;
that is, when an exhausting machine is used, itis a
measure of how much less pressure ison the outlet
than on the inlet,and when a forcing-machine is
used, of how much more pressure there is on the in-
let than on the outlet Inspeaking of pressure the
terms are used which express its force on every

uare foot of the area of the air-way.

n caseof twoair-waysof unequal area but of equal
rubbing surface—the smaller one can be so much
longer as to make up the difference—with the same C D
total pressure the velocity will be the same, as both
present the same resistance, but the total pressure
spread over the larger one will be less per square
foot than on the small one, and the quantity or vol-
ume of air obtained will be in proportion to their
areas, This principle may be illustrated by fi
2and 3. In figure 2,let A B be an air-way 4 feet
high and 4 feet wide, and 1,000 yards long; then the
sum of its four sides is 16 feet, and it will have 16 .
square feet of rubbing surface for every foot of its
length, or 48,000 square feet.

In figure 8'let the air-way CD be 8 feet high, 8 feet
wide, and 500 yards long; then the sum of its four Fia. 8.
sides will be 32 and it will have 32 square feet of rub-
bing surface for every foot of its lengh or 48,000 square feet.

It is thus seen that the friction in both these air-ways is alike because their
surfaces are equal, and to move air in either at the same speed will require
the same total pressure because the resistance is the same.

If they are subjected to the same total &reasure, and the pressure upon the
large one, the area of which is 64 square feet, is 1 pound '?er square foot, then
the pressure upon the small one, the area of which is but one-fourth as much
as that of the larger or 16 square feet, will be 4 pounds per square foot.

Then. as the velocity is the same in both air-ways with the same total pres-
sure, while the small air-way is pasah}g ten thousand cubic feet, the large one
will pass forty thousand cubic feet. Hence, the large air-way will give four
times a8 much ventilation as the small one, with one-fourth the pressure per
squml-ef foobz,tgr one fourth the water-gauge, although the total pressure is

ual for .
eq" the large air-way is made as long as the small one, to continue to obtain
four times as much air, will require one half the pressure per square foot,
that is on the small air-way or twice the total pressure. This is a forcible il-
lustration of the great superiority of large air-ways over smaller ones.

The next law to consider is that governing friction at different velocitles.
If the pressure i8 increased, the speed of the air-column and quantity of air
obtained will also be increase«i, but not in the same proportion. Four
times the pressure will produce double the quantity; nine times will
produce three times the quantity, and_sixteen times the pressure will
give four times the quantity of air, and in that proportion. Yhe quan-
{ity of air obtained will vary as the square foot of the pressure applied—the pres-
sure per square foot of the area—and the pressure will vary as the square of
the velocity of the air-column or quantity obtained, If the pressure is re-

- 148
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duced to one-quarter 31/4), the quantity obtainced will be one-half (14) or the
s:;juare root of (%;, and if the pressure is reduced to one-ninth (3), the quan-
tity obtained will be one-third (}4), and in that proportion.

It will assist to understand the principle that the pressure required to move
air varies as the square of the velocity of the air-current or the quantity ob-
tained, to imagine an air-way with something that can be seen moving
through it. Air is invisible, and it is ditticult o grasp a conception of its
motions. In figure 4, let A B be an air-way four feet high, four feet wide,
and, therefore, of sixteen square feet area, and eight hundred feet long,
divided for illustration into eight divisions of vne hundred feet each, with a
column of steam moving hrough it at a veiocity of one hundred feet per
minute. Suppose the pressure putting thé column of steam through the air-
way be two pounds to the square foot. Imagine the column of steam to be
divided into blocks of 1 cubic foot each. It will be noticed that these blocks
(sixteen in number), as represented in the mouth of the air-way, in moving
through it, rub st its sides as follows :

Block 1 has 2 sides rubbing.
“ 2 “ l side “ ns A

e g9t 4w 509 oa0 ‘B

AR EET N

« o8 ‘
“ 8 « 1 side “ _Z{ N
“ 12+ 1side s NeW
“ 16 * 2esides “ N N
“ 15 ¢ 1 gide “ L
“ 14 ¢ lside  “ AN
“ 13 ¢ 2gides “ o 2NN
“ 9 ¢ 1side “ D)
.“ 5 e l .ide “

Total 16 sides “ Fi6. 4.

or 16 square feet. Blocks 6, 7, 10, and 11 have no sides rubbing, and, there-
fore, create no friction. These blocks, which move at a velocity of 100 feet per
minute, will every minute move the length of one division of the air-wayand
rub against 100 feet lineal, or 1,600 square feet of rubbing s and in
eight minutes will move the full length and rub against 800 feet lineal or
24,000 square feet, the aggregate rubbing surface. Sup three times the
quantity of steam is required. This will necessitate moving the column three
times as fast. If the blocks, then, at a velocity of 100 feet per minute, moved
through one division of the air-way and rubbed against 100 feet lineal, or
1.600 square feet of rubbing surface, at a velocity of 800 feet per minute, they
will move through three divisions of the air-wa* and rub against 800 feet
lineal, or 4,80 square feet of rubbing surface. hey will thus meet with
three times the rubbing surface or friction in a minute, and if the pressure
yer square foot was originally 2 pounds, it will have to be increased three
times and raised to 6 pounds per square foot, 2 pounds X 8 = 6 pounds. But
there is another force that must be taken into consideration. e blocks, in-
st -ad of striking against the rubbin? surface with & momentum gained from
a velocity of 100 fee;&:aer minute, as in the first instance, strike against it with
a momentum gained from a velocity of 300 feet per minute. Thus, each
bloek will alsocreate a resistance, from the greater momentum uired, three
times greater than before, and thus require the pressure to be again increased
three times, and raised from 6 Bbs. per square foot to 18 Is.; 6 Ibs, X 8 =18 bs.,
or 9 times the original pressure of 2 ths,

2|z|2]z él6]6]¢ 181818 /8
2lzlzl2 6161616 18118)|18]18
2lzlzl2 6 (666 sjm|min
:zzj 6|66 |46 AARAN
FiG. 5. FiG. 6. FiG. 7.

From figures 5, 6, and 7 a proper cnncegtion of the relative pressures upon
the area of tae air-way, made necessary by the greater friction developed by
the changed conditions, may be obtained

Fignre 5 represents the area of the air-way with a pressure of 2 bs., per
square foot or a total pressure of 2 Ibs, X 16 = 32 tbs.
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Figure 6 represents the arca of the air-way, with the pressure per foot in-
creased three times to overc.ome the friction developed in the triple rubbing
surface passed overin the same time—one minute—which is 6 bs. per square
foot, or a total pressure of 6 ts. X 16 — 96 Ibs.

Figure 7 represents the area of the airway, with the pressure increased three
times to overcome the resistance due to the triple amount of rubbing-surface
passed over in the same time, and again increased three times to overcome
the friction developed by the blocks striking the rubbing surface with three
times the momentum attained from three times the velocity, or 3 X 3 =9
times 2 ts. = 18 Ibs., making a total pressure of 18 1. X 16 == 288 fbs. Nineis
the Wntit € 0) ghr;e, and the pressure, ther¢fore, varies as the square of the velocity or

ua ined.
1 Another and perhaps the most important principle involved in the friction
of air in mines, is the relation between the J)ower expended and the result
obtained, or the units of work given out and the velocity or quantity of air

roduced. How the fressure applied to each square foot of the area is affected

y changes in the velocity has n explained. It remains to explain how
the power of units of work given out are affected by the velocity. It hasbeen
shown that the result or gmnuty obtained is in proportion to the square root
of the pressure, and that the resistance or friction developed is in accordance
with the square of the velocity or quantity obtained, as is also, as a matter of
course, the ?ressure necessary to overcome it.

The velocity or amount of air obtained is in proportion to the cube root of
the power expended, and the power necessary is in proportion to the cube of
the velocity or quantity of air obtained. It ns&%' seem strange, if & fan driven
by an engine of ten horse-power produces 0, cubic feet of air per minute,
and it is desired to increase the quantity of air to 40,000 cubic feet per minute,
that it will be necessary to obtain an engine of 640 horse-power or 64 times
larger, but it is nevertheless true. 3

Before this law can be understood a proper appreciation of what is meant
by the term power must be had. It is of the greatest importance that the dif- |
ference in the meaning between the terms * pressure’ and ‘‘ power,” as used
in ventilation, be borne in mind. Pressure is the force on each square foot of
the area of the air-way, which is overcoming the resistance, while power is
this force multiplied by the amount of displacement it is producing or the re-
sult it isaccomplishing in a given time. Asexplained in ‘‘ Mechanics,” work
is the product of the force multiplied by the displacement it produces in its
point of application. In this definition the force is supposed to be constant,
and the point of its application to coincide with the direction of the force. In
expressing the work done with a force, the units of weight lifted_through a
unit of height, as in pounds lifted one foot, called foot-pounds are em- [
ployed, The rate of working of a machine or the * power” it develops is ex-
pressed by the units of work done in & unit of time, as in foot-pounds per min-
ute, orin conventional units called horse-powers. One horse-power isequiva-
lent to 33,000 foot-pounds per minute, or 33,000 pounds lifted one foot highin
one minute. Thus a machine that can raise 12 tons through a height of 10
feet in two minutes is rather more than 4 horse powers. This may be ~rrnved
as follows : 12 tons reduced ‘t&({nunds is 26,880 pounds, which multiplicd b
10 feet gives 268,800 pounds li through one foot, or foot-pounds, and divided
by 2 gives 134,400 pounds lifted through one foot in one minute, and this divi-
ded by 33,000, the number of foot-pounds in a horse-power, gives 4'07 horse-

wers, .

To find the power exerted by a steam-engine, the load or total rresure on
the piston is multiplied by the number of feet the piston travels with the
load. The result thus obtained represents the units of work or foot-pounds.
and divided by 33,000 gives the number of horse-powers. On the same prin-
ciple, when it is desired to find the horse-powers exerted by a fan in moving
a current of air, the pressure per square foot, as represented by the difference ‘
of water level in the two columns of the water gauge reduced to pounds, is
multiplied by the number of cubie feet passing per minute. This result is the
units of work or foot-pounds, and divided by 33,000 gives the horse-powers
exerted by the fan. .

The water gauge reading simply gives the pressure expended on each
square foot of the area of the air-way, and therefore the reason why the pro-
duct of these two factors is the units of work requires explanation, = The sec:
ond factor or the quantity of air passing is found by multiplying the total
area of the air-way by the velocity or the quantity passing per foot per min-
ute. Then in the multiplication of the two factors—the water gauge W"és
and the quantity passing per minute—the pressure per square foot, multlpli ‘
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by tire number of square feet in the area of the air-way, then by the velocity
or the length of the air-column passing in a minute. This is the same as if
the total pressure had first been found by multiplying the water gauge read-
ing, reduced to pounds by the area of the airway, and then multiplving the
result by the velocity or the length of column passing in a minute. The total
pressure exerted by the fan would then represent, in the case of an engine,
the load on the piston, and the length of the air-column passec'lrger minute
or the velocity would represent the distance or piston hslpeed, is mag be
further illustrated by an example: An air-way 2 feet gh by 2 feet wide is

ng 4000 cubic feet of air per minnte with a pressure of 1 pound ; then the
units of work are by the rule:

1
4,000
4,000
foot pounds per minute. But the ureazoé. the airway is
2 ft. .
4 square feet = area.
And as the pressure is 1 pound, the total pressure will be 4 pounds, and the
quantity pn.ssrng per minute (4000 cubic feet) divided by the total pressure, 4

Runds, will give 1,000, the velocity or length of column passing in a minute.
en :

1®b. = Pressure
4 = Area
4 = Total pressure ! \{ 27
1,000 = Velocity YT AN
4,000 = foot-pounds per minute | N 2
or the same result. The total pressure repre- 9 1
sents the welght to be lifted and the velocity or rcssum}ronen
length of column ng in & minute, the
height it is lifted t rogg in a minute, and FiG. 8.
their product is converted into horse-powers by

dividing it by 33.000. Hence, a fan that is working with one inch of water
gauge and discharging 33,000 cubic feet of air per minute is exerting a little
more than five theoretical horse-powers to overcome the resistance of the air
at that speed, and if to do this work an engine of 10 horse-power is required,
we know that 50% is wasted, in friction in the machinery and in transmission
between the boilers and the result.
This is what is meant by power in ventilation, and that the power required
varies as the cube of the velocity or quantity passing, and the velocity or
uantity passing as the cube root of the power is demonstrated as follows : Let
re 8. represent an air-way of four square feet a with a pressure of
1 pound per square foot, and 4 pounds total ure. giving 1000 cubic feet
of air per minute. The unit of work found by multiplying the pressure by
the quantity passing will be

1
1000
1000 = foot pounds.

To put three (3) times the quantity through or 3000 cubic feet per minute,
will require three (3) times the velocity. But it has been shown that three (3)
times the velocity will develop nine (9) times the resistance and require nine
(9) times the pressure, or thesquare of the increased velocity, which is nine (9{,
times the pressure, or the s«}uare of the increased velocity, which is nine (9),
to overcome it. Hence, it follows that if the velocity is trebled that each
pound of pressure in the air-way will have to be increased to nine (g),
makmf a total pressure of 36 pounds. Now as the power exerted is found by
multlirg‘{lng the pressure by the velocity, this nine (9) times the pressure

u to overcome the resistance must also be multiplied by three (3), the
ratio of increase of speed. As the new pressure required is nine (9), or the

4
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square of the increased velocity, the new power required will be 27, or the
cube of the new velocity.

g= new velocity.

g = square of velocity = new pressure.

27 = cube of velocity = new power.

In the first instance the units of work were the pressure, 1 pound, mulug}ied
by the quantity 1000 cubic feet, making 1000 foot-pounds per minute. Now
the units of work are the pressure, 9 pounds, multiplied by the quantity, 8000
cubic feet, making 27,000 foot gounds per minute; 8o that the increased veloc-
ity has been _cubed, giving 27 times the original power or foot-pounds per
minute. And if the power increases as the cube of the velocity, as a matter
of course, the velocity or quantity of air obtained by different powers will
vary according to their cube roots. Therefore, in case a furnace is used in
ventilating, it will require eight (8) times the coal to double the quantity of |
air, twenty-seven (27) times to treble it, sixty-four (64) times to quadrupleit, |
and 8o on in that proportion, and if & fan is used, the increase of coal neces-
sary to raise steam will be in the same ratio, as the same law controls in both
cases. The law seems complicated, but it is only the simple law of mechanics
by which the power of a steam engine is found, viz: the load or resistance
mt;ltti};lzied by the volume passing or distance traveled in a minute or any
unit of time,

Mr. J. J. Atkinson, in his admirable work on “Friction of Air in Mines,”
savs with regard to the co-efficient of friction that “for & velocity in the air
of 1000 feet per minute, the friction is equal to 026881 feet of air-column of

the same density as the flowing air, which is equal to a pressure, with airat .

829, of 00217 pounds per square foot of area of section. Calling this the co-
e?i(il:mf friction, we have the following rules with respect to the friction of
air es:

Total pressure, p a =k 8 v*. Rubbing. surface, 8 = f;a,—

pa
ks

Co-efficient of friction, k = 1.’1_,‘:

Square of veloeity, v2 =

. g o2
Pressure per foot, p = "—‘GL .
- 2

Area of section, a = ks vt

Where p = pressure per square foot; a = sectional area in feet; s =the
area of rubbing-surface exposed to the air, v = the velocity of the air in
thousands of feet per minute, 1000 feet per minute being taken as the unit of
vell\ocit.y; k, the co-efficient of friction in the same terms or unit as p is
taken.

The co-efficient varies with the nature of the mbbin%-surfm, and conse-
?uentlv may be different in the different air-passages of the same mine. The
ollowing plan may be adopted for ascertaining the friction of air in a pas-
ssﬁ : Place a gutta-percha tube of small section along the portion of the
ga) lel;{, the friction of which it is desired to know; close the end of the
tube fixed opposite to the current, and place a water-gauge on the closure,
and the instrument will then show the difference of pressure at the two
extre‘t,nities of the tube. Then the water-gauge multiplied by 52 == p in
pounds, .

SPLITTING THE CURRENT.

By splitting the air-current, the ventilating-power is economized and
greater safety in the mines secured. The former will appear from what has
already been said with regard to friction of air in mines. Greater safety is
secured because a larger amount of ventilation is obtained with the same
power, and also because the fire-damp given off from one set of workings is
not passed through the others, but directly to the returns, thereby diminish-
fug the liability of its ignition; and even should an explosion oceur its
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effects are confined chiefly to the workings ventilated by the split in ques-
tion. A minor advantage is that the velocity of the air-current can be made
much less, and there is less liability of the flame being furced through the
ga.uze of the safety-lamp, which ha];pens with a velocity over 6 feet per second.

f course, the speed of the current in the main intake and returns should not
be 1imgteé bY the above; there will be little liability of the presence of an
explosive mixture in the intake, and special rules and precautions can be
ta.::en at all times with reference to traveling in and the use of lights in the
returns. j

The sub-division of the air-current may be carried too far, for should the
current be too weak it will fail to cause the rapid mechanical mixture of the
light carburetted hydrogen with the current, which is necessary to prevent
a lodgment of in the higher parts of the workings, since diffusion acts too
slowly to be of practical use. ‘Since the air-currents will pass through the
various splits in such a manner that the total resistance met with is & mini-
mum, the division should be so effected that the amount passing through
each split, and the resistance met with in each split, are the same. Although
this result can only be attained in an npfroximate manner, still a great
economy will be attained if this aim is kept in view in laying out the various
workings, or rather in dividing the current among the workings.

ASCENSIONAL VENTILATION.

By ascensional ventilation is meant the taking of the intake current at
once to the lowest level in the mine, and thence leading it throufh the
workings, always in an ascending direction. This principle onlJ applicable
where the seams have a considerable inclination. It is based upon two
considerations. First—The intake current is supposed to be always cooler
than the return; its temperature is gradually raised as it passes through the
workings. The air-current has, therefore, a natural tendency to ascend
whilst passing through the workings, and by making the direction of the
current to coincide with this natural tendency the current is materially
assisted by the latter, whilst in the reverse direction it would be opposed by
it, Second—In mines containing fire-damp, this being lighter than the air, it
will tend to rise, and if the direction of the air-current is ascensional, this
tendency will help the air-current to removeit; whilst, on the other hand,
if the direction of the current be downward, the natural tendency of the air
to rise will oppose its removal by the air-current.

In highly inclined seams, where there are numerous connections between
the levels, this principle must be caremllge%bserved, or there will be a grea
loss of air. Exhaustive experiments have been made in Belgium to ascertain
the advantage of ascensional ventilation, and it has been demonstrated that
the loss of air, where attention is not pald to it, is from 33 to 50 per cent.

MEASUREMENT OF VENTILATION.

Three methods have been employed for the purpose of ascertaining the
velocities of the currents and the quantities of air circulating in mines.

1. Traveling at the same velocity as the current and noting the distance passed
over in a unit of time.—This wag & very primitive mode, but no doubt when
used it gave a fair approximation to the truth; for recent experiments have
proved t it admitted of great accuracy for velocities up to 400 feet per
minute. It was open to many objections, and would be utterly unsuited to
the large mines now existing, since it would be impossible to walk as quickly
as the currents travel in the principal splits, and running is not a sufficiently
steady pace for the purpose. The process was as follows: Choice was made
of a part of the gallery forming the air-way, having as uniform sectional
dimensions as could be found, and, after measuring off a distance of a hun-
dred or a hundred and fifty yards in length, the operator took a lighted
candle, and walked in the direction of the current, fully exposing the flame
toits influence, but taking care to move at such a rate that the flame would
burn in an upright position without being deflected from the vertical either
by the current or by the progress of thr%dperson carrying it. The time re-
quired to traverse the distance measu off being carefully noted by a
seconds watch, the average rate of walking was thereby determined, and
three or four trials served to give the assumed velocity of the air-current.
This, multiplied by the avemie sectional area of the part of the air-way
selected for experiment, was taken to represent the quantity of air passing ir.

the unit of time. f
Determining from observation the rate al which small floating particles are
carried along by the current, and assuming their velocities to be identical with that
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of the air-current —Until recently, observations of the velocity of the
smoke from an exploded charge of gunpowder, in a part of the galletry of
nearly uniform sectional area, were the means most generally ado in

coal-mines for ascertaining the velocity of air-currents. They are still con-
siderably used, and, so far as regards shaft velocities, they remain the only
method. For this pur an even part of the road should be selected, from
50 to 100 feet in length, and its cubical contents in feet ascertained. Then
let off & flash of gunpowder at the windward end of the channel, and
observe the number of seconds the smoke is in ing to the other end.
Then say, &8 the time (in seconds) in ing is to the cubic area, so is 60
seconds i) the number of cubic feet passing per minute.

ExAMPLE: Length of channel selected, 50 feet; height, 7 feet; width, 7
feet; time in g&s ni, 8seconds. What is the amount of air?
msox7><7=m cubic feet, area; then as 8 : 2450 :: 60 : 18,375 cubic feet per

nute.

Mr. F. G. Clemens, M. E,, in a paper read before the May 81881) meeting of
the Mining Institute of Pennsylvania, laid down the following rules for the
use of gunpowder in ascertaining the velocity of air-currents in mines:
First.—Always use one cubic inch of gunpowder. Second.—The velocity of
the current should never be less than 100 feet a minute nor exceed 500 feet a
minute. Third.—The time should not be less than 12 seconds nor exceed 380
seconds. Fourth.—Explode the gunpowder 10 feet to the windward of the
first mark. Therefore, in slow currents of from 100 to 250 feet per minute
velocity, the distance to be taken over which the smoke passes will be 50
feet; and for the higher velocties of from 250 to 500 feet the distance will be
increased to 100 feet.

8. With the Anemometer.—This apparatus is of various forms, and may be
divided into three classes.

Those having vanes or wands made to revolve by the current of air imping-
ing u?on them, the rate at which they revolve being indicated by pointers on
dials forming a part of the instrument. They include Biram’s and others.

Instruments which are affected by the force or impulse of the wind, without
being sult)iecwd to any continuous revolving motion. These include Dr.
Lind’s and others.

Those of a more complex character, such as Leslie’s.

Biram’s anemometer is in genemf use in this country. Each revolution
of the vanes, which is registered on the dial-plate, corresponds to one foot in
the linear motion of the air. Then, if the velocity per minute is multiplied
by the sectional area of the channel in which the anemometer is placed, the
result is the number of cubic feet of air passing per minute.

These instruments do not register the actual velocity of the air, especiall
in feeble air-currents, but the result is so nearly correct that they answer al
purposes. A certain force of air is required to overcome friction and put
the instrument in motion. The force varies with each and every instrument
Some anemometers will continue to revolve in a current as low as 30 feet a
minute; but with the most of them a velocity of 50 feet is required, and 40
feet isrecommended as an average allowance to be made to start them. The
formula used for true velocities is: .

V="97TR+40.

V=True velocity.

R=Recorded revolutions.

40=Feet allowed to start anemometer.

The following rules are given for every-day use:

First. Use the recorded revolutions of the anemometer as correct; do not
bother with any formula.

Se Measure always at the same time of day, say noon, when the men
are at dinner, the cars at rest, the doors most likely shut, and the ventilation
moving along its proper channels.

Third. Always use thesame places in the air-ways and see that they are as
regular and straight as possible.

Fourth. Take the record at several points, say at top, bottom, and center,
and thg two sides, and use the average of these records for the velocity of the
curren .

The following rules are used at some of the collieries in the North of Eng-
land, aud are printed in the front of the book, carried by the person whose
duty 1t is to measure the air:

Rule.—Sectional area to be entered at the time of each measurement,
Height X width = area.
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The ggxgon measurin%must hold the anemometer at arm’s length in front

of his y, and keep the face of the fan square to the current of air, and

keep moving it slowly as per the dotted line drawn within the figure below :
The Index figures of the anemometer to be entered

continuously.
1. Take the velocity for one minute and make com-
plete entry. —
2. Take the velocity for two minutes and divide by w‘,
two ; should the average be near the first reading, enter R

the average as the velocity.

In all cases add or substract, as the cases requires,
the correction due to the instrument.

One page of the book to be used for each measurement. Date and time of
day must always be written at the top of the page, and the person measuring
must sign his name at the last measurement.

A recent invention is ‘‘Davis’s Self-Timing Anemometer.” It measures the
passage of air per second, and is very accurate and convenient. It is essen-
tially a Biram anemometer improved so as togive an accurate reading, and
adjusted so no allowance need be made for friction.

TO FIND THE QUANTITY OF AIR BY THE THERMOMETER.

Temperature of air (£) on the outside of the current being very accurately
taken, raise the temperature of the thermometer 10° ahove ¢, and then observe
the number of seconds (8) which elapse while the thermometer exposed to the
free current of air cools to 5° of the 10°, then

E% = feet per second velocity,

¢ being a constant peculiar to the instrument; in one case, for example, it
was 16,000. Let the bulb be very clear.

THE WATER-GAUGE.

The watex;frauge is used to measure the dynamic force of a
current of air. It consists of a U-shaped tube of.equal area
throughout. The arms are about six inches long, provided
with ascale divided into inches and fractional parts of an inch,
80 that the difference between the height of the water in one
arm of the tube, and that of the other may be measured. One
arm is Flaced in connection with the air passing in the mine
by placing the tube A through a hole in the brattice or fan
casing, while the other i8 opened to the air-way from the
mine. The difference in water-level will indicate the drag, or
the resistance to the air in the mine.

The weight of one cubic foot of water at 62° Fahr. and 30
inches barometrical pressure is 62:32102 1bs. The weight of 1
cu. in. is therefore 62:32102+1728,0r 0.036. When the gauge measures one
inch, the pressure is 0°036<144=5184, or 52 1bs. (nearly) to the square foot.

Example.—If a water-gauge read 0-4”, what pressure would it indicate ?

003604 144=2-0734 1bs. per sq. ft.

The water-gauge may be used to show the force of a current produced by a
fan or by & furnace, and hence it is very useful as a check to the furnace
man. Asit tells the amount of resistance to the air in the air-courses, their
state or condition may be inferred. Ifthe pressure per sq. ft. exerted by the
motive-column be known, the height of & motive-column may be determined
by dividing the pressure per s%;mre foot by the weifht ot a cubie foot of air.

Erxample.—What is the height of the motive-column, if the water-gauge
reads 0°4”,the temperature is 62° Fahr. and the barometrical pressure is 80?7
The weight of one cubic foot of air at 62° Fahr. and 80” Bar. is 0'07629
1he? The pressure is 0:036<X0'4> 144 =2'0736 1bs., and the height of the motive

T T ot
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36 .
column = 007629 or 27-28 feet.
To find the velocity we use the equation for falling bodies, which is

80208V h

This equation is based on the principle that a body falls 16-08, in one second,
and that it gains a velocity of 3216 at the end of the first second. Then the
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ve]locityipe; setcond equals 80208 times the square root of the height of motive
column in feet.
Example.—If the height of the motive-column is 27:28 ft. the velocity per
second 18 8:02 X '27:28 or 41°9 ft.
These formulae may be arranged as follows:
Let P = Pressure in pounds per sq. ft.
Let 3 = Height of motive-column in feet .
Let V = Velocity in feet per second.

Then:
P = o‘oge Xwater-gauge X 144
b =5oe
v=802xVh

These formalee, it must be remembered, are only theoretically true, on ac-
count of the enormous power required to overcome friction. In practice
10 to 20 times the theoretical amount of motive-column s required to produce
the theoretical velocity. To find the horse-power expended in the power re-
quired for a ventilating current, multiply the quantity of air passing by the
reading of the water-gauge, and this product by 52; divide the result by

)

The quantity of air passing in an air-way is according to the sq. root of the
water-gauge.

Thus, if 10,000 cu. ft. is passing per minute with a water-gaugeof 1 in., 7,071
cu. ft. is passing with a water-gauge of 0'5 in., or
Y10 : V05 = 10,000 : 7,071
The following table gives the square root of the water-gauge for each tenth
of an inch up to 8 inches.

Ww. G. VW.G. W. G. YW.G. W. G. yva
1 0316 11 1-0488 21 s 1I'4h
02 0447 1-2 10954 2:2 1-4882-
3 0548 13 1-1401 23 1-5168
04 0633 14 1-1832 2:4 v 15491
05 07071 15 1-2247 2'5 1-6811
06 07745 16 1-2649 26 | 1614
07 08366 17 1-3038 27 . 16418
08 08944 18 1-3416 28 16738
09 09486 19 1-3784 2'9 1-709.

10 1-0000 2:0 1-4142 80 17399

SAFETY-LAMPS.

There are so mug modifications of the more successful t&)pes of safety-

lamps that we only describe the most important. The Royal Commission on

Accidents in Mines (British) reports most favorably on the following: Gray's,

Marsaut, the Bonneted Mueseler, and Evan Thomas’s modification of the .

bonneted Clanny. There are also several portable electric lamps which
ve good and perfectly safe light, but they are too heavy and expensive, and
ey will not indicate the presence of carbonic acid gas.

In commentln% n safety-lamps in his “Notes and Formul® for Mining
Students,” Mr J. H. Merrivale says:

“In the Author’s opinion, too much attention is paid to securing lamps from
the action of violent currents to which they are very unlikely ever to be ex-
posed ; whilst their illuminatin wer, a daily necessity, is too much neglect-
ed. Inventors appear to forget the importance of a good light all around, in-
cluding the roof. About 42% of the fatal accidents in mines are due to falls of
roof and sides, as against 24% due to explosions, and & very small proportion
of these last have been traced to the safety-lamp.

By qmtic&l experiments made with various safety-lamps in recent years,
the following facts were evolved :

1. If a new gauze be heated quickly to a red heat, it will under certain cir-
cumstances give off fumes which will inflame at that temperature. Similar
results can be obtained by smearing a gauze with oil.

2. Oil on being poured over red-hot iron will ignite.

These conditions are seldom attained in the actual use of safety-lamps, but
it is well to guard against accidents by preventing the cause.
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The Davy Lamp.—In 1815 8ir Humphrey Davy invented, and in 1816 con-
structed the lamp which is known all over the world as the Davy Lamp.
He thus describes his invention: The principle of my lamp is, that the flame,
by being supplied with only a limited quantity of air, should produce such a
3uanmy of azotic or carbonic acid gas, as to prevent the explosion of the fire-

amp ; and which, from the nature of its operations, should be rendered un-
able to communicate any explosion to the outer air. The wire gauze should
not be more than 1-20th of an inch square; wire from 1-40th to 1-60th of an
inch is the most convenient size, and there should be 28 wires, or 784 apertures

per square inch. .

aeSlegohenaonar “Geordie” Lamp.—Invented by George Stephenson, Nov.
$0th, 1815. He describes his lamp as made to contain burnt air above the
flame, and to permit the fire-damp to come in below in small quantity, to be
burnt a8 it comes in, the burnt air preventing the passing of explosion up-
wards, and the velocity of the current preventing its passing downwards.

GRAY'S MARSAUT. MUESELER. THOMAS'S,

The Clanny Lamp.—The Clanny Lamp was the first alteration in the con-
struction of the Davy Lamp, and it is essentially a Davy Lamp with a glass
cylinder replacing part of the gauze, which gives protection to the wick and
increases its lighpl-é:ing properties.

Gray's Lamp.—The
very lamp. The air enters at the top of the lamp, passes down four
tubes, and through a strip of gauze; Cr?e products of combustion pass ug the
cylindrical chimney, in which two trincated cones are inserted to avoid the
down currents to which all cylindrical chimneys are liable. This arrange-
ment assures a slow feeding of air to the flame in a current of high velocity.

The Marsaut Lamp.—The Marsaut lamp is a shielded Clanny with three
conical shaped gauzes. As will beseen by the sectional view, the air enters
through the gauzes above the glass cylinder, and the products of combustion
pass out through the top of the gauzes.

The Bon Mueseler.—The Bonneted Mueseler shown in section is a modi-
fication of the Belgian Mueseler. The modification consists in shortening
the chimney so that it does not reach so far down in the lamp, and in the
addition of a metallicshield or bonnet. The air enters above the flame and
passes through a gauze dise down to it. The products of combustion
a conical chimney, and thence out through the top. The inlet and outlet
holes areso arranged that the air is fed to the flame at a low velocity.

Evan Thomas’ Modification of the Bonneted Clanny.—Inside the bonnet a
brass tube, one inch high, fits the main gauze cylinder closely. To the
upper enl of this tube is attached a horizontal brass flange ext.endlng
nearly to the bonnet, so that an annular space, only 4 of an inc
wide, i8 left between the edge of the fla, and the bonnet. The air, havlng
entered the bonnet through horizontal slits near :ts lower end, passes throu,
this annular space into the gauze cylinder, and descends into the flame. The
products of combustion escape thmu&h holes near the top of the bonnet which
are protected by a shield-fixed in the bonnet, The main gauze cylinder is

Gray Lamp, a sectional view of which is annexed, is a
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provided with a gauze cap. The shield inside the bonnet protects the bottom
of the gauze cylinder. The bonnet is locked by a sliding bar which cannot
be withdrawn until the oil-vessel is removed. In a gas mixture the only
burns in the gauze cylinder between the top of the brass tube and the lower
cdge of the gauze cap, consequently a very small area of the gauze is heated,
and the temperature is necessarily low. In air moving with any velocity up
to 8,500 ft. per minute the flame burns very steadily when the lamp is either
erect or inclined. The flame is scacrely affected by violent oscillations of the
lamp or by mgid motion uﬁ and down in a vertical direction, and it is not
extinguished by inclining the lamp until the latter is nearly horizontal.

The three first described are the lamps in general use in American col-
lieries. They have been supplanted in the collieries of Great Britain and the
continent of Europe by the more modern lamps, owing to their liability to
eﬁpliode when the gas fires in them, and their inefficiency in strong currents
of air.

THE BAROMETER.

Atmospheric Pressure.—The atmosphere surrounding the earth, being a fluid
acted on by gravity, presses upon all bodies immersed in it, {n accordance
with the general laws of fluid pressure.

The pressure of the atmosphere upon any body will consequently with
the depth of that body below its highest surface. As, however, the en-
sions of any ordinary body upon the surface of the earth are inconsid-
erable, when com;;)ared with the height of the atmosphere, this pressure may,
without any sensible error, be re; ed as the same at all points in any such

body.

It is found by experiment that the pressure which the atmosphere exerts
upon a body, on or near the surfuce of the earth is at the rate of about 15 fs. for
every quare inch of surface. That we are not, in ordinary circumstances,
cognizant of this pressure arises from the characteristic %'ggerty of fluids, in
accordance with which they press in all directions upon fes immersed in
them; so that if the upper surface of & body, subject to the pressure of the at-
mosphere, experience a downward pressure of 15 Ibs. to every square inch, the
under surface experiences a corresponding upward pressure. 1f, however, we
destroy this equilibrium, by removing or diminishing the pressure of the at-
mosphere upon the side of any body, we are immediately made sensible of
the pressure which is_exerted upon the ol)poslte side. For instance, if &
plate of glass be placed upon the top of & cylindrical recejver conn: with
an air-pump, and the air be exhausted from the receiver, the plate of glas
will be pressed down with a considerable force, and if not strong enough will
be broken in pieces.’

The atmospheric pressure at the same place is not found to be constant, but
undergoes considerable variation. Roughly speaking, it is found to vary be-
tween 1334 1bs. and 15! ts. per square inch. It has n found, however, to
be more convenient to measure the atmospheric pressure not by pounds or
ounces, but by the length of a colu of a fluld, whose weight would be
equal to the atmospheric "gl;essure upon its base. Mercury is the fluid most
commonly employed for this purpose, and the column of mercury whose
weiighﬁ is equal to the atmospheric pressure is found to vary between 28 and
31 inches.

Mercury is 13-6 times as heavy as water, and therefore the column of water
which is equal to the atmospheric pressure will range between 32 ft. and 35 fl.

The average is a little under 30 inches of mereury or 34 ft. of water,

The instruments by which the variation of the atmospheric pressure are ob-
served and mearsured are termed barometers. Barometers are of two kinds,
mercurial and aneroid.

The mercurial barometer measures the variation of the atmospheric pressure
by the rising or falling of the mercury in a glass tube. This instrument is
constructed in the following mainner: A glass tube, closed at one end, is
filled with mercury, and a finger being‘hplaced over the open end, is
inverted in an open vessel of mercury. e mercury in the tube will fall
till it is balanced by the atinospheric pressure on the mercury in the open
vessel. The mercury in the tube will rise as the ntmoe?heric ressure in
creases, and will fall as it decreases. A graduated scale attached to the
tube, by means of which the chan can be observed and measured.

‘When the mercury fallg in the tube it rises in the cistern and co! uently
the fall of the'mercury in the tube, as measured by the scale attached to it.
will not correctly measure the variations in the barometrical ecolumn, but

too great by the distance through which the mercury has rigsen in the
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cistern. In like manner when the mercury risesin the tube, the variation
as measured by the scale, will be too small by the distance through which
the murcury has fallen in the cistern.

If the cistern be large in comparison with the bore of the tube, the variation
in the height of the mercury in the cistern is so small that it mn.{'l be disre-
garded for ordinary pu . When greater accuracy is desired, the bottom
of the cistern is so made that it can raised or lowered by a screw, and
ggeret‘:y ‘ﬂixet surface of the mercury in the cistern can be adjusted to one uni-

rm height.

The Aneroid®Barometer.—With the aneroid barometer the pressure of the air
is measured without the use of a liquid, as in the mercurial barometer. The
pressure of the atmosF ere acts upon a circular metal box, which has been
nearly exhausted of air, and then soldered air-tight. The sidesare corrugated
in concentric rings so as to increase their elasticity, and one of them is fixed
to the back of the case which contains the whole. The amount of the ex-
haustion i8 such that if the sides of the box were allowed to take their natu-
ral position, the{swould be pressed in upon each other, and to prevent this
they are kept distended, to a certain extent, by a strong spring, fixed to the
case which acts upon the head of a stalk attached to the side next the face.
When the pressure of the air increases, there being little or no air inside the
box to resist it, the corrugated sides are forced inwards, and when it dimin-
ishes again, their elasticity restores them to their former place, and thus the
little box becomes a spring extremely sensitive to the varying pressure of the
external atmosphere. By an ingenious mechanical arrangement the move-
ment of the sides is transmitted to & needle or pointer on the face, which
moving around a dial graduated to represent the inches of the mercurial
barometer, enables one to observe and measure the variations of pressure. By
means of this mechanism a verr small motion of the corrugated sides pro-
duces a large deviation of the index hand, in.a five-inch barometer, 335 of
an inchcausing it to turn through 8 inches. Both from its small size and
construction, it is extremely portable and consequently a very useful instru-
ment, but from its liabilitv to change from time to time it must be frequent-
ly compared with the mercurial barometer.

When the barometer is 27 inches the pressure of the atmosphere per square
foot is equal to 190823 bs.; at 28 inches it is 1978'90 Ms.; at 29 inches’it is
204958 Ths.; at 30 inches it 18 2120-25 bs. ; and at 31 inches it is 219093 bs.

To ascertain the amount of pressure per square foot, the table (No. 1) on
following page will be useful. Thus, to ascertain the pressure when the
barometrical reading is 30 09 in. we add to the 212025 Bs., given above as the
pressure at 30 in., the amount in the table opposite ‘09, or 6:36 bs. This makes
the pressure »t 30709 in. = 2126.61 Ibs. If the mercury falls from 80.09 in. to
2947 in,, or 62 1in., the reduction in pressure is 43-82 Ms. per square foot.

Required the amount in cubic feet of air and gas that may be expected to
be g‘:ievex} off for each 1,000 cubic feet of open space in the goaves or other
waste places.

At 30°09 the pressure is
At 29°47 the pressure is.....

.2126°61 pounds.
.2082'80 pounds.

Difference........... . 43'81 pounds.

As 2126-61 : 43-81 :: 1,000 : 20°60 cubic feet of gas, which (theoretically) may he
expected to be given off by a reduction of pressure equal to that indicated
above. A table of pressure is not, however, absolutely necessary for working
the proportion.

Height of barometer. 3009
29'47
Difference 62

A8 30709 : 62 :: 1000 : 20°60 cubic feet.

If we divide the difference by 3, we shall obtain results sufficiently accu-
rate for all practical purposes; thus 62 + 3 = 2024 or 20'66 cubic feet. Consid-
erable experience in the use of this iustrument:in mines has shown that its
indicatfons are from one to two, or even three hours behind what is actually
taking place; consequently as an instrument for warning the furnace-men
to “fire-up’’ or the engine-tender to urge on the fan, it is worse than useless.
It is, however, valuable to superintendents and other officials in the mines
asan incentive to thought.
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PRESSURE OF AIR, PER SQUARE FOOT, A8 SHOWN BY THE BAROMETER AND
WATER-GAUGE.
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sult. Add together the readings at each of the two points, also find tne differ-

ence between the two readings; then as the sum of the two readings is to

their difference, 8o is 55,000 ft. to the required difference in elevation.
Example.—If the barometrical reading at the foot of & mountain is 29-45

;:ich;s and at the top is 26°73 inches, what is the vertical height of the moun-
n

29'45+-26:73=56'18 in. ; and 29-45—26°78=2"72 in.
Sum. Diff. Feet. Feet.
Hence, as 56°18 : 2:72 :: 55,000 : 2662'87.-

THE THERMOMETER

Thermometers are instruments designed to measure the changes in the
temperature of the atmosphere, by the contraction and expansion of mercury
and spirits; or they may be made entirely of metal, and the changes of
temperature are then measured by the expansion and contraction of the
sensitive metallic portion. These latter are known as aneroid thermometers.
Fahrenheit’s thermometer 18 the one most commonly used. By his scale the
freezing-point of water at the sea-level is placed at 32° above zero; the boil-
ing-point of water at sea-level is placed at 212° above zero, 8o that the space
between these two points is divided into 180 degrees. .

Reaumur and Centigrade thermometers are used on the continent of
Europe. Of these two the first is generally used in Germany, and the second
in France, but the latter is almost exclusively used by the scientists of all
nations.

In the Reaumur thermometer, the freezing and boiling points are placed at
© and 80° respectively. In the Centi e the freezing and boiling points
are placed at 0° and 100° respectively.

3 Tobcor;vg;thfhhunheu into Centigrade.—(1) Subtract 32 and divide the remain-
er by 1'8 thus:

If a Fahrenheit thermometer registers 167°, what will be the register by a
Centigrade thermometer? .

167 —32 _ 750 Cent.
th(2) Subtract 32, multiply the remainder by 5, and divide the product by 9,
us:
167—32X 5

= 75° Cent.

9
To convert Centigrade into Fahrenheit.—(1) Multiply by 1'8 and add 32, thus:
If the Centigrade thermometer registers 75°, wphx{t \zill be the regisaar by a

Fahrenheit thermometer?

75X 1'8 + 82 = 167° Fahr.
(2) Multiply by 9, divide by 5, and add 32, thus:
75;‘ 9 | 82— 167 Fahr.
mh convert Fahrenheit into Reaumur.—(1) Subtract 32, and divide by 2:25,

qus the Fahrenheit thermometer registers 113°, what will be the register by
the Reaumur thermometer?
) 11__31,;2—_5&2 = 36° Reau.
(2) Subtract 32, multiply by 4, and divide by 9, thus:
13 -82X4 _ ppen

{'ptﬁontgga Reaumtuhr into Mrmhettm gis.;(lwultll‘plty‘sﬂlﬁ’g tal:1d add 82, thus:
e umur thermometer re; s whai e register b,
Fahrenheit thermometer? ' v the
36 X 2'25 + 32 = 113° Fahr.
(2) Multiply by 9, divide by 4, and add 82, thus:
35—}2 + 32 = 113° Fahr.
Ty convert Reaumur into Centigrade.—Multiply by 1-25, thus:
If a Reaumur thermometer registers 32°, what will be the register of a Centi-
grade thermometer?
32 X 1'25 == 4(° Cent.

To convert Centigrade into Reaumur.—Multiply by ‘8, thus:
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If a Centigrade thermometer registers 40° what will be the register of-a
Reaumur thermometer ?
40 X '8 = 32° Reau.

VOLUME OF A GASEOUS BODY AT DIFFERENT TEMPERATURES,

The following table shows the changes of volume of eignseous body conse-
quent on given changes of temperature. In columns headed V are expressed
in cubie inches, the volumes which 1,000 cubic inches of air at 32° Fahr. will
have at the temperature in degrees Fahr., expressed in columns headed T,
the air being maintained constantly at the same pressure,

T. V. T. V. T. V. T. V. T. V.
—49...8347 8... 951-0 65...1067°3 122...1183'7 179...1300°0
—48...836°7 9... 953-1 66...1069'4 123...1185°7 180...1302'0
—47...838'8 10... 955-1 67...1071°4 K 181..13041
—46...8408 11... 9571 68...1073'5 182...1306'1
—45...842'8 12... 959-2 69...1075°5 183...1308-2
—44...844'9 13... 961-2 70.. 1077°6 184...13102
—43...846'9 ... 963-3 185...1312°2
—42...849°0 15... 965:3 186...1314'3
—41...851°0 16... 967'3 187...13163
—40...853°1 17... 969-4 188...1318+4
—39...855°1 18... 9714 189...1320°4
—38...857°1 19... 978-5 190...13224
—37...859-2 20... 976'5 191...1324'5
—36...861-2 21... 9776 192...1326°5
—35...863'3 22... 979'6 193...1328'6
—34...865'3 23... 981°6 194...1330'6
—33...867°3 24... 9837 195...1332'6
—32.. 8694 25... 9857 196...1334°7
—31...871'4 26... 9878 197...1336'7
—30...873'5" 27... 989-8 198...1338'8
—29...875'5 28... 991-8 199...13408
—28...877°6 29... 993'9 ...1342°9
—27...879'6 80... 995°9 201...1344°9
—26...881'6 31... 998:0 202...13460
—25...883°7 32...1000°0 208...1349-0
—24...8857 33...1002°0 204...13510
—23...887°8 34...1004'1 205...1353°1
—22 '8 35...1006°1 206...1355'1

‘8 36...1008-2 207...1357°1

‘9 87...1010-2 208...1359°2

"9 38...1012-2 209...1361°2

° 39...1014-3 210...1363"3

X 40...1016'3 211...1365'3

3 41...1018-4 212...1367°3

g 42...1020°4 213...13694

3 43...1022°4 214...13714

908* 0245 245...13735

i 026'5 o 216...13755

3 028-6 217.. 13775

X 0306 218...1379'6

...916" 0327 219...1381'6
..918~ 034-7 ..18837

X 0367 230...1404°1

— 6...922'5 0388 210 ..14245
— 5..924'5 040-8 250...1444°9
— 4...926'5 042-9 260...1465°3
— 3...928'6 044-9 270...1485°7
— 2...930'6 55...1046°9 280...1506°1
— 1...932:7 56...1049°0 290...1526°5
0...934'7 57...1051°0 300...1546'9
1...9367 58...1053'1 406...17510
2...938'8 59...1055'1 500...1955'1
38...940:8 60...1057'1 600...2159-2
4...942'9 61...1059-2 700...2363°3
5...944°9 62...1061-2 800...2567'3
6...947°0 63...1063'3 177...1295'9 900...2778'5
7...949°0 64...1065'3 178...1298'0 1000...2947°1
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THE EXPANSION OF SOLIDS.
BY INCREASING THE TEMPERATURE FROM 32° TO 212°, THE LENGTH OF THE
" BAR AT 32° BEING 1°
Gold ....euvieeeneenn.
Lead

Brass

Wrought Iron....
Zing ...cvivareennnae
Spelter Solder, Brass 2, Zinc i.1°00205800
Soft Solder, Lead 2, Tin 1.....1°00250800
Corper 8, Tin 1.. 100
Palladiu

i m 100100000
1-:00217298
THE EXPANSION OF LIQUIDS IN VOLUME FROM 32° TO 212° FAHR.

1000 PArts Of WALEE........ccuenuimcrirssinsienneciineincnseesssasesesss onses become 1046
“ o “ 0il . feverveeereeneienaes -, 1080
“ “ “ MErCUrY .........cocer werneruqoresncernnenennnnes b 1018
“ “ “ S;;lrits Of Wine...oovveevuenunaniieneninsiannnen o 1110
“ “ “ DN RN “ 1873

EFFECTS OF HEAT ON VARIOUS METALS.

Metals.
Wrought Iromn fUses.........ocvvvienneeienvessssssasassnsssssocss suesns
Cast

Iron melts
Welding heat of Bar Iron
Fine Gold melts
Fine 8ilver “
. Copper o

. Iron red hot in Aaylight.......ceeeeeeerevneenreeeeesvernneneecrressseenns
Lead 1ts,

Mercury boila. : e
BiSmUtll MELtE....ucu.ciciveiiiitrecernsiiisiiness coneensaesranseesssssnesannees
Tin melts.

TP 445

The melting-points of metals cannot be determined exactly. We give the
mean of the best authorities.

TO EXPLORE THE WORKINGS OF A MINE AFTER A SERIOUS
EXPLOSION.

The shafts or slope, and the ventilating machinery should claim the first
attention of those on the surface, and an effort should be made to reach the
bottom as expedmmlsl{as possible.  Assistance from neighboring collieries,
both in the way of skilled labor and advice, should also be requested.
Should the shaft or slope need repairs before communication between top
and bottom is restored, the Person in charge on the surface should, in the
meantime, see that props of the length in ordinary use, brattice-boards,
brattice-cloth, and nails are brought to & convenient glace for putting on the
cage or car; and he ought also to collect all the tools likely to be l’e(}\li y
such as axes, saws, hammers, etc. It is also important that rough tracings of
the workinﬁs be (!:»repared for the use of the leader of each squad of explorers.
Officials will understand how useful these will be to those who are penetrat-
inF into workings about which every man of his squad may have been here-
tofore ignorant.

When the explorers have arrived at the bottom and are ready to proceed,
there should be for each section, if more than one is operated upon, two
manage! °n naving his own squad of men, and his own particular duty
to do. O may take charge of restoring the ventilation, the inspection of
the workings, and the clearing of the roads; the other may appoint and have
cha! of the bottom man, the conveying of material, and the detailing of
stretcher companies where required. They can consult and help each other
in every difficulty; but system is necessary if the work is to be done in the
shortest possible time.

The manager who has charge of the men in front should appoint two ex-
rerlenced men with good nerves to act as foremen, instructing them to

nspect and report to him the condition of the workings within a short
ndggg. He should then form the rest of his men into, say, three squads of

three each, who will work together at stoppings or falls until separated by
him, or until the end of the shift. Being near the bottom, it will probably be
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found that all is clear for three or four breast or stoop-lengths, and stoppings
are required to be put up. Material will be required for this, and when the
cage is first sent to the top for it, it should not be kept there to enable the to
man to put on a big load, but it should be sent down with all despatch, loadeg
with a half-dozen each of props and brattice-boards, with one piece of cloth
. and nails. This will allow a start to be made, and will prevent the anxious
men from worrying over, what to them is, an unaccountable delay. Larger
loads can be sent down in subsequent trips. For convenience in carrying.
the brattice cloth may be cut in lengths_to suit the ﬁn‘quys or headings
with two or three feet to spare. 8quad No.1 should etailed to the first
stopping. This may be put up with boards at top and bottom and cloth
between. If the air-current is strong, a few of the following stoppings may
be put up by squads two and three, with cloth only stretched between two
props. These can be very rapidly put up and will drive the ventilation for-
ward, thus allowing the firemen to extend rapidly the area of inspection.
These stoppings can be completed by No. 1 detail. In a short time it may
become impossible to proceed in this manner, The foul air will in all prob-
abillty become more difticult to dislodge, and eventually one detail may be
able to put up stoppings as (‘uickly as the fire or choke-damp can be carried
off. Part of what maz called the ventilating detail can now be transferred
to the bearer detail, the duties of the latter having become heavier as the stop-
ings advanced. Itisnotan easy task to carrly;e rops long distances in a stoop-
ng posture, and when to thatisadded, it may be, the carrying out of the living
or dead bodies, the men begin to fag very soon. But the person in charge
here must see that the forward party are kept in material for stoppings so
that no delay may occur on that account. A system of staging gives relief to
the carrying parties. .

To conclude with a few general remarks. Let those who have never yet
assisted to explore a mine after an explosion, be assured of this that the chief
requisites in a leader are a capacity for hard work, and the ability to organize
his men into a system, however roughly, whereby work will be best for-
warded. It will not speed the work to say to a dozen or more men generally
do this or that; neither is it beneficial to allow all the workmen to discuss
matters and suggest p’ans. Those in charge ought to armnﬁe what is to
be done. Anything else results in noise and confusion. And let men who
are sent from other collieries take with them their own tools and lamps.
Those in charge ought to take note of the position, &ec., of bodies found, and
of every point which is likely to throw light on the cause or origin of the
explosion. This can_be more correctly done before the roads are disturbed
by dust and travel. These notes might not only be the meansof ascertaining
;he cause of explosion, but also of pointing out a way of prevention in the

uture.

TREATMENT OF PERSONS OVERCOME BY GAS.

Miners are exposed to asphyxia when the circulation of the air is not suffi-
ciem,l{ active, when the mine exhales a qunntlt{);)f deleterious gas, when
they imprudently penetrate into ancient and abandoned workings, and
when there is an explosion.

The symptoms of asphyxia are sudden cessation of the respjration, of the
pylsations of the heart, and of the action of the senses; the countenance is
swollen, and marked with reddish spots, the eyes are protruded, the features
are distorted, and the face is often livid, &c.

The best and first remedy to emqlog', and in which the greatest confidence
ought to be placed, is the renewal of the air necessary for respiration. In
succession:

1. Promptly withdraw the asphyxiated person from the deleterious place,
and expose him to pure air.

2. Loosen the clothes round the neck and chest; and dash cqld water in
the face and on the chest.

3. Attempts should be made to irritate the pituitary membrane with the
feathered end of a quill, which should be gently moved in the nostrils of the
insensible person, or to stimulate it, with a bottle of volatile alkali placed
under the nose.

4, Keep up the warmth ¢
heart and round the ankle:

5, If these means fail to
ducing artificial respiratior

Place the patient on the
from the feet: raise and ar
cushion or folded article ¢
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forward the patient’s tongue and keep it projecting beyond the lips; an
elastic band over the tongue and under the ghin will answer this pur;?:se. or
a piece of string or tape may be tied round them, or by raising the lower jaw
the teeth may be made to retain the tongue in that position. Remove all
tight clothing from about the neck and chest, especially the braces. Then
standing at the patient’s head, ilgnm]:» the arms just above the elbows, and
draw the arms gently and steadily upwards above the head. and keep them
stretched ugwards for two seconds (by this means air is drawn into the lungs).
Then turn down the s}nﬁent‘s arms and press them gentlf' and firmly for two
seconds against the sides of the chest (by this means air is pressed out of the
lungs). epeat these measures alternately, deliberately, and perseveringly
about fifteen times in a minute, until a spontaneous effort to respire is per-
ceived; immediately upon which cease to Imitate the movements of breath-
mg, and proceed to induce circulation and warmth.
. To promote warmth and circulation rub the limbs upwards with firm
gmsping pressure and energy using handkerchiefs, fiannels, &c. Apply hot
annels, bottles of hot water, heated bricks, &c., to the pit of the stomach,
the arm pits, between the thighs, and to the soles of the feet.

7. On the restoration of life a teaspoonful of warm water should be given;
and then, if the power of swallowing has returned, small quantities of wine,
warm brandy and water, or coffee should be administered.

8. These remedies should be promptly applied, and, as death does not cer-
tainly appear for a long time, they ought only to be discontinued when it is
clearly confirmed. Absence of the pulsation of the heart is not a sure sign
of death, neither is the want of respiration,

TREATMENT OF INJURED PERSONS.
By W. F. Brapy, M. D., Scranton, Pa.; Late Assistant Surgeon
State Hospital for Injured Persons, Ashland, Pa.

SEND FOR A PHYSICIAN.

The dangers to be feared in case of wounds, are: Shock or collapse, loss of
, and unnecessary suffering in the moving of the patient.

In shock, the injured person lies pale, faint and cold, sometimes insensible,
with feeble pulse and superficial breathing. The cause of death in case of a
shock is arrest of heart action, produced by the suspension of the functions
of the brain and spinal cord. In treatment, the two most important parts

are:

1. The position of the injured person.

2. The application of external warmth,

The injured person should at once be placed in a recumbent position, his
head resting on a plane lower than that of his trunk, lefs, and feet. He
should be well wmp{xed up and protected from the chilling influences of
external air. When there is danger of immediate death, stimulants should
be given; in all other conditions of shock, stimulants are injurious.

Loss of blood.—Two conditions present themselves: (1) The bleeding is
arrested spontaneousl{ or otherwise, but the injured person presents all the
symptoms of loss of blood. (2) The injured person is actually bleeding, and
he is, or is not, suffering from loss of blood.

In the first condition life is threatened by anae-

m a of brain and spinal cord, and all the efforts of
treatment are to direct the flow of whatever quan-
tity of blood may still remain in the body, to the
vital centres in the brain and spinal cord. This
is most efficiently done by placing the injured
person in a recumbent position, with his head
resting on a plane somewhat lower than that of

is trunk and legs. In graver cases constricting
bands should be ag lied to both arms, as near the Fia. 1.
shoulders as possible, and to both thighs, as near the abdomen as possible. .
This last manceuvre directs the entire quantity of blood in the body to the
:udl:;eirir_ug;e c&ltres, the centres of life itself. Stimulants may be sparingly

nis . .

If there is bleeding, do not try to sktgg it by binding up the wound. The
current of blood to the part must be checked. To do this find the artery, by its
beating; lay a firm and even cooxzxgress or pad (made of cloth or rags rolled
'\11‘?, or a round stone or piece of w well wrapped) over the artery (see Fig. 1).

e a handkerchief around the limb and compress: put a bit of stick throug!
the handkerchief and twist the latter uo until it isjust tight enough to stop the
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bleeding, then put one end of the stick under the handkerchief to prevent
untwisting, as in Fig. 2.

The artery in the thighruns along the inner 4
side of the muscle in front near the bone (as
shown by dotted line in Fig. 3). A little above
the knee it passes to the back of the bone. In
injuries at or above the knee apgly the compress
higher uB"l on the inner side of the thigh, (at the
p}tl) ntll P,h g. 3), with the knot on the outside of
the thigh,

Wheg the leg is injured below the knee, alx))gly
the compress at the back of the thigh, just above
%e krllee ?1t2P, Fig. 4, and the knot in front as in

.1and 2.

ﬂe artery in the arms runs down the inner side of the large muscle in
front, quite close to the bone, as shown by dotted line;
low down it i8 further forward towards the bend of the
elbow. It is most easily compressed a little above the
middle, (P, Fig. 5). Care should be taken to examine
the limb from time to time, and to lessen the compres-
sion if it becomes cold or purple; tighten up the hand-
kerchief again if the bleeding begins afresh.

To transport a wounded person comfortably.—Make &
soft and even bed for the injured part of straw, folded,
blankets, quilts or Pillows, laid on a board, with side
pleces of board nailed on, when this can be done. If
possible, let the patient be laid on a door, shutter, set-
tee or some firm support, properly covered. Have suf-
ficient force to lift him steadily, and let those that bear
him not keep step.

Should any important arteries be opened apply the
handkerchief as recommended. Secure the vessel by a surgeon’s dressin
g)rggeps, gr]})ty a hook, then have a silk ligature put around the vessel, an

ghten tight.

- il
o e —

FiG. 4. FiG. 5, FiG. 6.

Should the bleeding be from arterial vessels of small size, apply the per-
sulphale of iron, either in tincture or in powder, by wetting a piece of lint or
sponge with the solution; then, after bleeding ceases, apply a com

1inst the parts to sustain them during the a{)plica.tion otp ghe persulphate
of iron, and to prevent further bleeding should it occur,

The persulphate of iron should be kept in or about all working-places.

Bleeding from scalp wounds.—A pad or compress ig placed immediately
before the ear over the region marked (Fic. 6) by a dotted line. The com-
press is firmly secured by & handkerchief. If this does not arrest bleeding
& similar compress on the opposite side should be applied. Should the bleed-
ing issue from a wound of the posterior, or back part of head, & compres
should be placed behind the ear over the region marked (in Fig. 6) by the
dotted line, and firmly secured by a handkerchief or bandage.
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TABLES SHOWING DISTANCE FROM CENTER TO CENTER OF
BREASTS OR CHAMBERS ALONG GANGWAYS OR ENTRIES.

Width of Brezst + Width of Pillar =20ﬁet. Width o’ Breast + Width of Pillar == 35 feet.

Augi vetween | Dliages from Conter | ngle bovwern | Disance frm Center
Gangway and Breasts. | Gangway, in {::t.. Gangway and Breasts. Gangway, In ree‘t.

90° 200 90° 250
850 200 850 251
80° 203 80° 254
750 207 75° 259
700 212 70° 26°6
65° 220 65° 276
60° 280 60° 289
[ 244 550 805
50° 26'8 500 826
45° 282 45° 354
< i & i
3 436
30° 400 - 80° 50°0
2° 478 25° 59-2
20° 585 20° 781
13° 774 15° 96°6
10° 1152 10° 1440
50 2295 5° 2869

Width of Breast 4 Width of Pillar =30 feet. Width of Breast - Width of Pillar =35 feet.
90° 300 90° 350
85° 30'1 . 8° 8511
80° 806 80° 856
75° 811 76° 362
70° 819 700 372
65° 831 65° 886
846 60° 404
56° 86'6 550 427
500 892 50° 457
450 424 45° 495
40° 467 40° 545
359 523 3H° 610
30° 600 70°0
25° 710 25° 82'8
20° 877 20° 102+4
15° 1159 16° 1353
100 172'8 100 2016
N 50 344-2 50 4016

Width of Breast - Width of Pillar = 40 feet. ‘Width of Breast -+ Width of Pillar = 45 foet.
90° 400 90° 450
85° 402 850 452
80° 406 80° 457
750 414 70 46°6
70° 426 700 479
650 441 63° 496
60° 462 60° 520
55° 488 5>° 54'9
522 500 587
45° 566 45° 636
40° 62:2 400 700
35° 697 350 785
800 30° 900
250 94°6 250 106 5
200 1170 20° 131'6
15° 154'5 15° 1739
100 2304 10° 2592
5° 4590 5° 5163
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TABLES SHOWING DISTANCE FROM CENTER TO CENTER OF

BREASTS OR CHAMBERS ALONG GANGWAYS OR ENTRIES. 1

Width of Breast 4 Width of Pillar =50 feet. | Width of Breast 4 Width of Pillar = 53 fcet.
|
Angle between Diatance from Center Angle between Distance from Center
Center, along to Center, along
Gangway and Breasts. Gaugway, in feet. Gangway and Breasts. Gangway, in feet.
90° 500 90° 550
85° 50° 850 552
80° 50°6 80° 568
750 512 750 569
700 531 70° 58 6
65° 551 65° 607
60° 576 60° 635
550 609 550 671
50° 65'1 500 718
450 706 45° 778
400 76 400 856
350 87°0 350 959
30° 1000 300 1100
250 1181 25° 1272
200 1459 200 1608
159 1928 15° 212°5
10° 2873 100 8167
50 5725 50 631'1
Width of Breast + Width of Pillar = 60 feet. ‘Width of Breast 4 Width of Pillar =65 feet.
90° 60 0 90° 650
85° 602 850 653
80° 609 80° 660
750 621 75° 673
700 639 70° 692
660 662 650 717
60° 69'3 60° 751
560 733 556° 794
500 783 500 849
45° 849 45° 919
40° 934 400 101-2
350 104°6 35° 113+4
1200 30° 1300
250 1420 250 158'8
20° 1756 20° 1901
15° 2319 15° 2512
10° 345'6 10° 874-4
50 6885 5° 745°8
Width of Breast + Width of Pillar == 70 fect. Width of Breast + Width of Pillar «= 75 feet.
F 700 90° 750
850 70°3 850 75'8
802 Y 80° 762
750 72'5 75° s
700 745 700 79'8
65° 772 65° 828
60° 808 60° 866
550 855 569 916
50° 914 50° 979
45° 990 45° 106'1
40° 1090 40° 1167
850 12211 35° 1808
30° 1400 30° 1500
259 1657 250 1775
2° 204°7 200 2193
16° 270°5 15° 2898
10° 4031 10° 4320 ,
50 8032 5 8605 - -
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SPIRAL WELD STEEL TUBES.
Manufactured by the Spiral Weld Tube Co., 43 John St., New York.

The strenfth of spirally welded tubing is, of course, in proportion to the
thickness of metal used and the diameter. The following table shows the
proof streug)h and ultimate strength of spirally welded steel pipes of various
diameters, from 6 inches to 24 inches, and of different thicknesses of metal,
asshown by the commercial designations; * Light,” ‘ Standard,” ‘ Heavy,"”
and “Extra Heavy.” By “elastic limit” is meant the pressure per square
inch which the pipe will without a stretch or distortion great enough
to produce & anent set; by ‘‘ultimate strength” is meant the pressure
per square inch required to burst the pipe:

The couplings, etc., of spirally welded tubing are specially designed, and
are strong, light, and convenient.

LIGHT SPIRAL WELD TUBES.

Approximate Weight Elastic Limit Ultimate Strength
Diameter. Per Foot. : Per 8quare Inch. Per Square Inch.
Inches. Pounds. Pounds. Pounds.
16 17°33 415 674
18 1871 369 599
20 2068 332 539
22 2260 302 490
24 2461 277 449
STANDARD SPIRAL WELD TUBES.
6 466 866 1,408
8 622 650 1,056
10 984 664 1,079
12 11-81 553 8!
b1 1427 474 n
16 2153 545 886
18 2421 484 787
20 2637 436 709
.2 2930 396 644
24 3189 363 590
HEAVY SPIRAL WELD TUBES.
6 587 1,106 1,798
8 788 830 1,349
10 1283 872 1,417
12 1541 27 1,181
u 18:47 623 1,012
16 2619 670 1,088
18 2934 596
20 82256 436 871
2 3558 587 791
A4 3878 446 726
EXTRA HEAVY SPIRAL WELD TUBES.
12 1889 893 1,451
14 765 1,244
16 “31-89 825 1,341
18 3576 733 1,192
20 39°63 660 1,073
22 4343 600 975
A4 47-36 550 894

491498 :
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HYDROSTATICS.

Hﬂdmtaﬂcqtreats of the equilibrium of liquids, and of their pressures on the
walls of vessels containing them; the science depends on the way in which
the molecules of a Ii?nid form a mass under the action of ﬁnvity and molec-
ular attraction, the Iatter of which is so modified in liquids asto give them
their state of liquidity. While the particles of a liquid cohere, they are free to
slide upon one another withont the least ap‘?arent. friction; and it is this

m mobility that gives them the mechanical properties considered in hydro-

c8.

The fundamenta) property may be thus stated: When a pressure is exerted
on L of the eufl:’feacz nya Uquid, that re {8 (ransmilled undi-
mién to ipaﬂaqftlu mass, and in all directions. This is a physical
axiom, and on it are based nearly all the principles of hydrostatics.

Equilibrium of liquids.—This is a prorerty of Il;nids that can be easily
demonstrated, and examples are frequently seen. Thus, if two barrels are

ted at the bottom with a pipe, and water i8 poured in one until it
reaches to within a foot of the top, the water in the other will be found to have
attained the same height.

Pressure of liquids on surfaces.—The general proposition on this point is as
follows: Th‘;fmwrc a liguid on any surface rsed in it, is equal to the
weight of a column of the liguid whose 18 the su: aumad, and_whose
height is the pcvpenztcular depth of the centre of Y of the surface below the
surface of the liquid. The pressure thus exe is independent of the shape
or size of the vessel or cavity containing the liquid.

The pressure of a liquid nst any point of any surface, either curved or
plane, is always ndicular to the surface at that point. .

At an{ given depth the pressure of a ll%ﬂd is equal in every direction, and is
in direct proportion to the vertical depth below the surface.

The weight of a cubic foot of fresh water, at ordinar{ temperature of the
atmosphere, that is, from 32° Fahr. to 80° Fahr., is usual { assumed at 62.5 s.
This is a trifle more than the actual weight, but is sufficlently close for pur-
Pposes of calculation.

To find the pressure exerted by quiet water against the side of a gamwge
way or heading.—Multiply the area of the side in square feet by the perpen-
dicular dietance from the surface of the water to a point equi-distant between
the top and bottom of the submerged heading or gangway, and multiply the
product by 62.5. The result will be the p e in lbs., lusive of atmos-
Pheric pregsure. This latter need not be considered in ordinary mining work.

ExaMpLE.—If an abandoned colliery, opened by a slope on a pitch of 25°
and 100 yds. long, is allowed to fill with water, what i8 the average pressure
exerted on each dlgum‘e foot of the lower rib of the zanfway, assuming that the
gangways were driven dead level, and that the length of the slope was measured
to a point on the lower rib equi-distant between top and bottom of qangwnf{
Wehere have a perpendicular height of water = 300 X sine of 25° = 12678
Then the pressure on each square foot of the lower rib of gangway = 12678 X
62'5 Bs., or the weight of 1 cubic ft., or a pressure on each square foot of sur-
face of 7,923-75 Ds., or over 8¢ gross tons. The total pressure exerted along
the gangway may readily be found by multiplying the 7,928'75 lbs. by the
number of square feet of the lower rib against which it rests.

To find the total pressure of quiet water against and perpendicular to
any surface whatever, as a dam, embankment, or the bottom side or top of
any containing vessel, water pipe, etc., no matter whether said surface be ver-
tical, horizontal or inclined; or whether it be flat or curved; or whether it reach
to the surface of the water or be entirel? below it:

Multiply the area, in square feet, of the surface pressed, by the vertical
depth in feet of its centre of vity below the surface of the water, and this
product by 62:5. The result will be the pressure in lbs,



102 COLLIERY ENGINEER POCKET-BOOK.

Thus, assuming that in
tt‘he :lxlme:ed i&guim thg
epth of water in eaCh  yuupwant*
dam was 12ft. and the __
wall or embankment
was 50 ft. long, then in —c
Mg.kli the tﬁt;;g pressure
would equ. X 50 X
8 X 635 = 225,000 1be. Fig. 1. Fig. 2. Fig.8.

In Figs. 2 and 8 the walls or embankments being inclined, expose a
greater surface to pressure, ;;? 18 ft. from A to B. Then the total pressure
equals 18 X 50 X 6 X 62.5 = 837,500 s,

Now, the results obtained are the tofal pressures without regard to direction.
In Fig.1 the total pressure calculated, or 225,000 Bbs., is horizontal, tending
either to overturn the wall or make it slide on its base.  The centre of pressure
is at C or 3¢ of the vertical depth from the bottom. . X

In Fig. 2 the pressure is exerted in two directions; one , acting hori-
zontally, tends to overthrow or slide the wall, while the other, acting vertically,
tends to hold it in place. ’

n Fig. 8 the pressure is also exerted in two directions; one pressure, acting
horizontally, tends to overthrow or slide the wall, while the other tends to lift.

8o long as the vertical depth of water remains the same, the press-
ure remains the same, no matter what inclination is given the wall. Thus, in

8. 2 and 3, the horizontal pressure is the same as in Fig. 1, or 225,000 Ds.

he total pressure of the water is distributed over the entire depth of the
submerged part of the back of the wall, and is least at the top, gradually in-
creasing toward the bottom. But so far as regards the united action of every
portion of it, in tending to overthrow the wall, considered as a single mass of
masonri incapable of being bent or broken, it may all beassumed to be applied
atC, w ich is 14 of the vertical depth from the bottom in Fig. 1, or, whatis the
same thing, 14 of the slope distance from the bottom in Fige. 2 and 3.

No matter how much water is in &8 dam or vessel, the pressure remains the
same, 80 long as the area })ressed and the vertical depth of its centre of gravity
below the level surface of the water remains unchanged. Thus, if the water
in dam shown in Fig. 1 extended back 1 mile, it would exert no more pressure
against the wall than if it extended back only 1 foot.

In any two vessels having the same base, and
ing the same depth of water, no matter what quantity, the
Eressnres on the bases are equal. Thus, if 8.4 and 5

ave the same base and be fllled with water, the pressure
on the bases will be equal. This fact, that the pressure on
a given surface, at a given degth, is independent of the
quantity of water, i8 called the hydrostatic paradox. Fig. 4. Fig.s.

As the pressure of water against any point is at right
angles to the surface at that point, it follows that props or other strengthening
material for the strengthening of ruch structures as a sloping dam, should be so
placed as to offer the greatest resistance in a line at rl{ht angles to the sloping
surface, and these supports should be str t and closest together at the bot-
tom. Forthe same reason the hoops on a circular tank should strongest and
cloeest at the bottom.

Trawsmirsion of pressure through water.—Water, in common with other
liquide, possesses the important property of transmitting press-
ure equally in all directions. Thus, if a vessel is constructed
with two cylinders, the area of one being 10 square inches, and
that of the other 100 sgnare inches, and the vessel is filled with
water (see Fig. 6), and pistons fitted to the cylinders, a pressure
of 100 Ds. applied at A will balance 1,000 Ds. at B. This isthe
principle of the hydrostatic ipress.

_Air and other gaseous fluids transmit pressure equally in all
directions, like liquids; but not as rapidly. Fig. 6.

A

To find the pressure at any gven depth.—For s. per s}uam inch, maul-
tiply depth in feet by "434. For bs. per square foot, multiply depth in feet by
625, For tons per square foot, multiply depth in feet by ‘0279.

The pressure per square foot at ‘erent depths increases directly as the
depths. The total pressure inst a plane 1 ft. wide at different depths
increases as the square of the depths,
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PABLE SHOWING PRESSURE IN LBS. PER S8QUARE FOOT AT DIFFERENT VBRTI-
CAL DEPTHS, AND ALSO THE TOTAL PRESSURE AGAINST A PLANE 1 FooT
WIDE EXTENDING VERTICAL FROM THE SURFACE OF THE WATER TO THE
SAME DEPTHS.

De‘pth Pressure| Total Depth |Pressure| Total Depth |Pressure| Total

n in lbs. |Pressure in in lbs. re in in 1bs.

feet. |pr.sq.ft.| in lbs. feet. [pr.sq.ft.| inlbs. feet. |pr.sq.ft.| inlbs.
1 62.5 81 P14 1,687 22,181 [} 4,062 | 132,025
2 125 125 8 1,750 4,500 70 4,875 | 158,124
3 187 281 20 1,812 26,281 5 4,687 | 175,779
4 250 30 1,875 28,125 80 5,000 | 200,000
5 312 81 81 1,987 80,031 85 5,312 | 225,775
6 875 1,125 3 2,000 ,000 90 5,625 | 253;1%4
7 437 1,531 33 2,062 34,031 95 5,987 ,025
8 500 2,000 34 2,125 86,125/| 100 6,230 | 812,500
9 562 2,531 85 2,187 88,281(| 110 6,875 878,124
10 [ 8,125 36 2,250 40,500(| 120 7,500 X
n 687 8,781 87 2,812 42,781(| 130 8,125 | 528,100
12 750 4,500 38 2,375 .| 45,125/| 140 8,750 | 612,496
13 812 5,281 39 2,437 47,581( 150 9,375 6
14 875 6,125 40 2,500 50,000/ 160 10,000 ,000
15 | 937 7,081 41 2,562 52,581(| 170 10,625 | 908,1
18 1,000 8,000 42 2,625 55,125/ 180 11,250 |1,012,496
17 | 1,062 9,081 43 2,687 57,781/ 190 11,875 (1,128,100
18 1,125 | 10,125 44 2,750 60,500/ 200 12,500 11,250,000
19 1,187 | 11,281 45 2.812 63,281| 205 14,062 11,582,035
20 | 1,250 | 12,500 46 2. 66,125/ 2560 15,623 11,953,100
21 1,312 | 18,781 47 2,937 69,031|| 275 17,187 12,368,275
22 1,875 | 15,125 48 38,000 72,000{| 300 18,750 12,812,500
23 1,487 | 16,531 49 3,062 75,0811| 350 21,875 |3,828,100
4 1,500 ,000 50 3,128 78,125(| 400 25,000 5,000,000
2% 1,562 | 19,531 55 8,487 94,581|1 450 28,120 16,328,100
2 1, 21,125 60 8,750 | 112,600/! 500 31,250 |7,812,500

Pressure of water in plrs.—As water exerts a pressure equally in all direc-
tions, it is important that in pipe lines the pipe should be sufficiently thick
to assure stren; enough to resist a bursting pressure. In ordinary practice
the thickness of cast iron water pipes of different bores is calculated by Mr. J.
T. Fahning’s formula (see p. 454, Hydraulic Engineering), which is as follows:

Thickness } —(pressure in Ts.pr. 8q.in.4100) X bore in ins. + 333(, bore in ins.)
in inches. 4 X ultimate tensile strength. : 100

This formula, worked out for different heads and different sizes of bore,
yields the following results:
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. In the above table the nltimate tensile strength of cast iron is taken at lgflﬁ
s. per square inch. The addition of 100 ®s. to the pressure is made to allow
for water-ram. The valves qf water {)ipa should be dlosed slowly, and the
neeesaietg of this increases as the pipes increase in diameter. 1f this rule is not
observed, the momentum of the running water is arrested suddenly, and a
great pressure is created against the pipes in all directions, and throughout the
entire length of the line above the valve, even if it be many miles, and there is
danger of their bursting at any point. For this reason swp-Fateu are shut by
screws, because they prevent angevery sudden closing; but In pi of large
diameters, even the screws must be worked very slowly to prevent bursting.
Compressibility of liquids.—Liquids are not entirely incompressible, but
they are 80 nearly 8o, that for most purposes they may be considered as incom-
presrible. The bulk of water is diminished about F}“ by a pressure of 324 s.
r square inch, or 22 atmospheres; varying slightly with its temperature. It
P:perlect,ly elastic, regaining its origina bulk when the pressure i8 removed.

CONSTRUCTION OF DAMS IN MINES.

When, for any cause, it be-
comes necessary to construct
dams in mines that must be
flooded, they must be so de-
signed and constructed of such
material as will ensure their
stability under the utmost
ressure that can reach them.
xamples of this kind of work
are few. In 1881 it was neces-
sary, owing to a miue fire, to
flood a portion of the Kehley's
Run Colliery at Shenandoah,
Pa. Owing to the fact that it
was necessary to do this with-
out endangering' the men em-
ployed in two nelﬁhboring
collierles, working the same
vein, one of which was con-
nected with Kehley’s Run and
the other separated only by small
lars, at skill was required i1
locating and cobstruction of
water barriers. This work was
cessfully accomplished by Heb«
Thompson, Esq., Chief Engine
the Girard estate, on which the
liery was located. The collie
working its third level in the
moth vein, which dipped in
locality from 20° to 80° south.
fire was in the middle level, ar
Mr. Thompson aptly states it, th
tempt to drown out a portion o
workings ‘‘ was like an attem
extinguish a fire on the second
of a three-storied house, by filli
full of water from the first floor to
the roof. It was necessary towall up not only the windows of the second and
third stories where the fire was, but the windows of the first floor and doors
communicating with neighboring houses. Then, too, the walls of the first
story had to be carefully examined as to their ability to hold together under the
pressure of the watcer extending to the roof of the building.” This meant the
conetruction of dams in both the middle and lower levels. Those in the
middle level, besides confining the water to a certain area on that level
were 80 constructed as to relieve those of the lower level from the
pressure of the water between the middle level and the surface, and
those on the lower level were constructed to withstand the pressure of
the water between the middle and lower levels, with sufficient additional
strength to withstand the pressure of the total height of water, if such con-
tingency should occur as to make it necessary. The accompanying plans,
drawn to scale, show the form of construction and the in which the
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walls were keyed into the solid coal. These walls were built of brick and
cement, and were 15 ft. thick, built in sections of 5 ft. each, arched toward the
xreiunre, v:mz ea%h l:ect%gn
tting against an pping
over gthe inside of it, on
sides, top and bottom. The
ounter section was cutinto the
coal on the sides and on top
and hottom, deeper than the
other two, in order to catch
any slip or crevice that might
have escaped the others. On
the low side, that toward
which the veln dipped, the
depth of the cutting below
the level of the gangway
was ft. After one section
of each dam was built, the
workmen erected a section
of one of the others, thus
ullowln%l the cement to set
thoroughly hard before an-
other section was added.
The vertical heig‘];t from the lower to the middle level was 119 ft., and as the
dams were 13 ft. high, the average pressure per square foot was about 70,000 1bs.,
or a little over 81 gross tons.
The plans shown are excellent examples of this class of work, and are given
asa gugde to others who may have occasion to carry out similar work,

HYDRAULICS.

Hydraulics treats of liquids in motion, and in this, as in Hydrostatics, water
is taken as the type. In theory its principles are the same as those of falling
bodies, but in practice they are so modified by various causes that they cannot

ed upon except as verified by experiment. The discrepancy arises from
changes of temperature which vary the fluidity of the llciuid, from friction, the

of the orifice, etc. As we shall deal with water only, the first cause may
be wn aside as of little account.

lntheovry‘gawlocuam 'y of a jet is the same as that of a body falling from the

water.

To find the theoretical velocity of a jet of water.—Let v = the velocity,

= the acceleration of gravity (32'16 ft.) and d = the distance of the orifice
gelow the surface of the water.

Then v = 4/294. or 9 = the square root of twice the product of g X d.

ExamrLE.—The depth of water above the orifice is 64 ft.; what is the velocity?

Substituting 64 for d, and 32'16 for g, we have, v = 4/2 X 8216 X 64 or 64'16.

To find the theoretical quantity of water discharged in a given time.—
Multiply the area of the orifice by the velocity of the water, and that product by
the number of seconds. )

ExamMPLE.—What quantity of water will be discharged in five seconds from
an orifice having an area of 2 sq. ft., at a depth of 16 ft.?

V 2 X 8216 X 16 X 2 = 64°16 cu. ft., or the amount discharged in one second,
and in five seconds the amount will be 5 X 64:16 = 320°8 cu. ft.

The above rules are only theoretical and are only useful as foundations on
which to baild practical formule,
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Flow of water through orifices.—The standard orifice, or an orifice so
arranged that the water in flowing from it touches only a line, as would be the
c?se in flowing through a hole in a very thin plate, is used for the measurement
of water.

The contraction of the jet, which always occurs when water issues from a
standard orifice, is due to the circumstance that the particles of water as they
approach the orifice move in converging directions and that these directions con-
tinue to converge for a short distance beyond the plane of the orifice. This
contraction causes only the inner corner of the orifice to be touched by the
escaping water. This contraction takes place in orifices of any shape, and its
crose section is similar to the orifice unti thmnce of greatest contraction is

sed. Owing to this contraction the actual harge from an orifice is always
Peas.;; than the theoretic disc! .

The coefficient of contraction.—The coeficient of contraction is the num-
ber by which the area of the orifice is to be multlglied in order to find the area
of the least cross section of the jet. In this way by experiment this coeflicient
has beer: found to be about 0°62 (Merriman’s Hydraulics) or in other words, the
minimum cross section of the jet is 62% of the cross section of the orifice.

The coeficient of velocity.--The coefficient of velocit, the ber by
which the theoretical velocity of flow from the orifice 18 to be multiplied in
order to find the actual velocity at the least cross section of the jet. This may
be taken for practical work as 0°98; or, in other words the actual flow at the
contracted section is 98% of the theoretica: velocity.

The coefficient of discharge.—The coefficient of discharge fs the number by
which the theoretical discharge is to be multiplied in order to obtain the actual
disc . This has been found by thousands of experiments to be equal to
the product of the coefficients of contraction and velocity, and for practical
work it may be taken as 0'61; or the actual discharge from standard orifices is
61% of the theoretic discharge.

The miner’s inch.—The miner’s inch may be roughly defined to be the
quantity of water which will flow in one minute from a vertical standard orifice
one inch square, when the head on the center of the orifice is 63§ inches. This
eqm;ls 158 c‘iL ft., and the mean yalue of the miner’s inch is therefore about 1'5
cu. ft. per minute.

Suppression of the contraction.—When a vertical orifice has its lower edge
at theg)ottom of a reservoir, the particles of water flowin, throuﬁh its lower
portion move in lines nearly perpendicular to the plane of the orifice, and the
contraction of the jet does not form on the lower side. The same thing occurs
in a lesser degree when the lower edge of the orifice is within a distance of three
times its least diameter from the bottom, The su;;preaslon of contraction will
occur on the side if it is placed within a distance of threé times its least diame-
ter from the side of a reservoir. The supgression of contraction being the
greater the nearer the orifice is to the side. By rounding the edge of the orifice
sufficiently the contraction can be completely suppressed, and the discharge
can beincreased. As stated before, the value of the coefliclent of contraction
for a standard square edged orifice is 0'62, but with a rounded orifice it may have
any value between 0'62 and 1°00, dggending upon the degree of ronndin&z. The
coeflicient of discharge for square edged orifices has a mean value of 0'61; this
is increased with rounded edges and may have any value between 0'61 and 1400,
although it is not probable that values greater than 0'95 can be obtained except
by the most careful adjustment of the rounded edlfes to the exact curve of &
completely contracted jet. A rounded interior orifice is therefore alwaysa
source of error, when the object of the orifice is the measurement of the dis-

charge.

@auging water.—In gauging, the waste-board must have a thin edge. The
height must be meas: from the top of the sill, or waste-board, to the level
of the surface where it is not affected by the overfall. The waste-board must
have a free overfall. .

Let H = Height of surface of water above sill in feet.
¢k = Height of surface above sill in inches,
‘¢ V = Veloclty of water approaching the sill in feet per ssoond.
¢ C = Cubic feet discharged over each foot width of the 8ill per minwuts.

Then, if the stream above the sill is not in motion,
C =214 X 4/H3, or C =515 X 4/As.
If the stream is in motion,
C=2ux ¢/ B + 0BV 8",




COLLIERY ENGINEER POCKET-BOOK.

107

TABLE OF DISCHARGE FROM EACH FOOT OF WIDTH OF SILL, IN OUBIC FEET,

PER MINUTE.

(MOLESWORTH.)

R . Decimals of an Inch.

of sill. -0 1 9 -8 4 -5 ‘ 6 7 -8 -9

“im. |e ft.| e ft. [c.ft.| c.ft. (e ft. | c.ft. |c. ft. | c. ft. | c. ft. | c.ft.
0 00 *162) ‘46| '846| 1-30| 1°828; 2:34| 302 8°68 44
1 515 592 | 6-75| 762 | 855 9°42 | 104 | 11-38 12-41} 13°49
© 2 | 14°57| 15°65 | 16-79 17°97 | 19°16| 20°84 | 21°58) 2287 A°1 | 2544
8 | 2678 28°12 | 29°56| 309 | 82-14( 83°78 | 85'28| 36°77| 38°16| 39°55
4 | 41°2 | 43°74 | 44°29| 45°78 | 4748/ 49°13 | 50°73| b52°58) b54°07| B65°62
5 | 57°58| 59-17 | 60°93| 62°83 | 64°'53| 66°33 | 68:29| 70°04f 71'89| 739
6 | 75°70| 77°56 | 79-46| 81°42 | 83-38| 85°3 | 8724 89°35 91°26| 9326
7 | 95°38| 97°44 | 99°54(101'6 |[103°6 [105°8 (107°9 | 109°9 | 112°1 | 114°3
8 (116°5 [118°6 [120°9 |128°1 |125°4 [127°6 [120°8 | 1330 | .184°4 | 136°7
9 1139 |141°8 133-9 146 1484 (150°7 (153°2 | 155°5 | 157°9 | 160°4
10 {162°8 {165°3 |167-7 (170°2 |172°7 |175°2 |177°7 | 180°2 | 182°8 | 185°8
11 [187°9 |190°4 198 1956 |198°2 [200°'8 [208°4 | 206°1 | 208°7 | 211°4
12 1214°1 |216°7 [219°4 1221 248 [227°5 230°3 | 233 235°8 | 2885

Decimals of a Foot.

Depth

of sill. 0 1 ) -8 -4 5 -8 7 -8 -9
feet. |c.ft. [c.ft. |c. ft. [c.ft. | c.ft. [ c.ft. | c.ft. [ c.ft. | c. ft. | c. ft.
0 0| 67 19 84 53 75 99 125 158 183
1 14 | 46 | 280 | 817 857 891 432 472 515 560
2 605 | 650 | 697 | 746 796 846 806 950 | 1001 | 1057
8 1112 | 1168 | 1228 | 1284 | 1385 | 1401 | 1465 | 1527 | 1585 | 1643
4 | 1712 | 1776 | 1840 | 1902 | 1978 | 2041 | 2107 | 2182 | 247 | 2311
5 | 2392 | 2458 | 2581 | 2610 | 2681 | 2756 | 2838 | 2010 | 2987 | 3070
6 | 3145 | 3222 | 3302 8464 | 8541 | 8628 | 8712 | 8792
7 | 3963 | 4049 | 4182 | 4220 | 4305 | 4395 | 4483 9 | 4658 | 4751
8 | 4843 | 4930 | 5022 | 5116 | 5210 | 5303 | 5397 | 5480 | 5583 | 5682
9 15778 | 5872 | 5970 | 6067 | 6165 | 6264 | 6364 | 6463 | 6563

DELIVERY OF. WATER THROUGH PIPES.

Pipes. means the ver-
r to the center of the
orifice of the pipe at the point where the water is discharged. The Head should
always be taken as the vertical distance between the lowest level of the water
in the reservoir and the discharge orifice of the pipe. .

Eytelwein’s formuls for the delivery of water in pipes :

The term Head, as applied to lowage of water through
tical distance from the surface of the water in the reservo!

D = Diameter o

f pi

H = Head of water in feet.

L = Length of pi

in

feet.

in inches.

W = Cubic feet of water discharged per minute.
3
w=anix , /2B p_oss, /LXW
L H
Hawksley’s formula.
G = Number of gallons delivered per hour.
L = Length of pipe in yards.
H= of water in feet.

D = Dlameter of pipe in inches.
G3L

D=gx,>

e
G= (15D X H
L
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Neville’s general formula.

v = Velocity in feet per second,
7 = Hydraulic mean depth in feet. :
¢ = The sine of the inclination, or the total fall divided by the total length.

3
v =140 1/ re —I11 V r8
In cylindrical pipes, » multiplied by 47°124d2 gives the discharge per minute
in cubic feet, or » multiplied by 298';'28‘6(1’ givegnsi the discharge per minute in
gallons; @ being the diameter of the pipe én feet.
COMPARISON OF FORMULZE.

a
R = Mean hydraulic depth in feet = Area + wet perimeter = - for circular
section of pipe. 4

S = Sine of slope = I
v = Velocity in feet per second.
d = Diameter of pipe in feet,

L = Length of pipe in feet.
H = Head of water in feet.

Prony v =9705 4/R 8 — 008;
or v = 99.88 Vﬁ— ‘154,

Eytelwein v = 50 aH H
L+450a

“ =108 4/R8—013.

Hawksley v = 48 — d_H —
L+54a

3
Neville  v=140 4/RS —11 4/R'S
Darcy 9 =C 4/R'S; for value of C, see table.

Diam. of gipe, ins..| ¥ 1 2 I 3 4 5 6 7 8
Valueof C....... .1 85 | 80 | 93 99 | 102 103 | 105 | 108 107
Diam. of pipe..... 9 10 12 14 16 18 20 22 24
Valueof C......... 108 | 109 | 109°5 | 110 | 110°5 | 110°7 | 111 | 111°5 | 111°5

Maximum value of C for very large pipes, 118°8.
Kutter 9= C 4/R §; where

00281
181 + ——
S
= 00281
14 W(“'ﬂ + T)
. ‘L *0043 2
Welsbach 4 = —('0086 + ]
r . 1/_ ¢
v

where 4 = head necessary to overcome the friction ina pipe, and 7 = themean
radius of the pipe in feet; g = gravity = 82-2.
D A ‘2L (1_ + 1 ) ?? )
ATC; = — —) —. .
v a 124/ B
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t‘:nble will

pposite to the quotient in the

rreeponding supply multiplied by 82 will be

n gallons per minute.

T. HursT.
div

culated by J.

For greater diameters than those given in the table,

diameter

be the r
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by 4, and twice the velocit,
uired velocity;

eq

GALLONS PER MINUTE, FOR LONG PIPES FLOWING FULL CALCULATED
the approximate supp

FROM NEVILLE'S FORMULA,

TABLE SHOWING THE VELOCITY IN FEET PER 8ECOND, AND THE SUPPLY IN
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“ g Head of Water divided by Length of Pipe. - g
LE Yo ’b bed ¥ &8
@ o
Vevoity| Su Vel’ Supply |Vel'city| Su Vel'oity| su
gi mtel_e{mg.'fﬁl{m in t:i:tylin ons mteret’mgmou’ lntt;e?tngﬂlonl’ gi
r r per
- pe id per | er. per -.&?..a. er R
] 2:41] 9.04 2.50| 9'63 2:76| 1019 292 ¢
o3| 982 5:01| 10°55 5°38| 11°24 5-78] 11-89 606 ¢
§|12:20 14°00| 18°10 15°00 13°93 15°98| 14'75 16°92| %
1| 1422 29°00| 15 31-14| 16°25 88-14{ 1718 85°04| 1
13 | 1601 51-02( 17°18 5476/ 18'28 58°28| 19°83 61°61] 13
14 | 17°63 80-91| 18° 86°83 20°18 92°40| 21°28 97°68 lt
14 | 1918 | 11948 2052 | 12821 21°84 | 136°42| 2808 | 144-20| 1.
2 (2052 | 167°45| 2202 | 179°67| 28'48 | 191'16| 2476 | 20205 2
2 | 2308 | 20429 2476 | 815°71| 2634 | 835°86| 27°84 | 854'95 2%
3 | 2541 | 466'42) 27°25 | 500-29| 28 99 | 532-18| 80°63 | 562°22 3
4 | 20°55| 964'31) 8167 | 10337 | 33-70 | 1099-9 | 85°60 | 11620 | 4
5 18321 | 1692-6 | 85°60 | 18156 | 37°87 | 1931°1 | 4001 | 2040°2 | 5
6 | 3658 | 2682°4 | 80°17 | 28i6°1 | 41°65 | 8058'2 | 4400 | 8280'8 | 6
7 | 89°59 | 8957°0 | 42-44 | 4242°3 | 4518 | 4510°7 | 47°67 | 47649 | 7
8 |42°44 | 5540°9 | 45°50 | 5940°0 | 48-38 | 6315°4 | 5110 | 6671'1 | 8
9 | 4518 | 74564 | 48°38 | 7093'0 | 51°44 | 8499'2 | 5483 | 8975'8 | 9
10 | 47°67 | 9724-4 | 51°10 | 10428'5 | 54'38 | 110813 [ 57°88 | 11704-2 | 10
1 |50°10 | 12864°4 | 53-70 | 132528 | 57°08 | 140885 | 60°29 { 1480-0 | 11
12 | 52°40 | 15801-1 | 56°18 | 16501°3 | 50°72 | 175404 | 68-07 | 18525°6 | 12
15 | 58'85 | 27009°8 | 63-07 | 28946°2 | 67°04 | 807677 | 70°80 | 82492-7 | 15
18 | 64-52 | 42641°5 | 69-32 | 45811°5 |- 73-67 | 48690°4 | 77°80 | 514169 | 18
24 | 75°07 | 88204°4 | 8044 | 945089 | 85°49 (100438°1 | 90°26 |106052°8 | A4
30 |84-25 |154668 ! 90-26 165708 | 95-92 1176090  '101-26 1185002 | 80

FRICTION OF KNEES AND BENDS,

A = Angle of be;nl or knee with forward line

of direction.

V = Velocity of water in feet per second.

R = Radius of centre line of bend.
or 3¢ diameter). ("

r = Radius of bore of pipe
% = Coeflicient for angles of
L=

%

= Coeflicient for curvature of bends,
= Head of water in feet necessary to over-

nees,

come the friction of the bend or knee.
or knees, H = 0155 V3 K.
The value of K is as follows for different angles:

P

A° = I 20°
K = ‘048

40° 60° 80° 90° 100° .19)"
189 | 364 I 74 I ‘98 | 128 1

>

A
F ds, H = 0155 V3( =T, )
'or bends v 1 L)

Values of L with various ratios of the radius of bend to radius of bore:

r
When _R =] 1 2 ‘ ‘3 I ‘4 , ‘5 [6] 7|8 ‘9 |10
In circular section L | *131 ‘138| '158| *206 ' 204 |"44] ‘66] 98 [ 1°4 [ 20
In rectangular L | 124|135 18 | 25 | "4 [-64/1°01{1°55 | 2°8 | 3'8

PUMPING ENGINES.

G = Number of gallons to be raised in 24 hours.

F = Number of cube feet raised in 24 hours.

h = Height in feet to which the water is to be raised,
H P = Actual horse-power required.
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G XA FXh
r

4752000 762088 . .
20 per cent. must be added to overcome a friction, etc., and 50 or 60 per cent.
more is n;n‘lly allowed for contingencies, making a total of 70 or 80 per cent.
onal power.

TO FIND THE DIAMETER OF A SINGLE-ACTING PUMP.

nP:

L = Length of stroke in feet.
G = Number of gallons to be delivered per minute.
F = Number of cubic feet to be delivered per minute.
N = Number of strokes per minute.
D = Diameter of pump in inches.
F 00545 D2 L N.
G .
G
D= 034 L N Note.—These formulm give the net diameter
of the pump-plunger; it is usual to increase
- ¥ the area of the plunger 34th, to allow for leak-
D= age, etc.
00545 L N

USEFUL NUMBERS FOR PUMPS.
D = Diameter of pump in inches. D.28 X ‘002833 = gallons.
S = Stroke of,pumg in inches. D.28 X *0004545 = cubic feet.
D.2 8 X "854 = cubic inches. D.28 X 02833 = Ds. fresh water.

THE TRANSMISSION OF POWER BY THE USE OF
COMPRESSED AIR.
By E. HiLL, of Norwalk Iron Works Co.

The increasing use which is being made of compressed air engines, for mine
and nnde;gonnd work, stimulates the inqnlr{l regarding their erﬂcienc%. By
the term efficiency, we mean the percentage which the power given out by the
air ne bears to the power required to compress the air in the compressor.

The situation is apparently very simple. An engine drives an air compressor
which forces air into a reservoir.  The air under pressure is led through pipes
to the air engine and is there used after the manner of steam.

The resulting power is frecg:ently a small ‘})etcenlage of the power expended.
Inal number of cases the losses are due to poor designlng, and are not

le as faultsof the system or even to r workmanship.

The losses are chargeable, first to friction of the compreseor. is willamount
ordinarily to 15 or 20 per cent., and can be helped bgegood workmanship, but
cannot probably be reduced below 10 per ¢ nt. cond, we have the loss
occasioned by pumping the air of the engine room, rather than air drawn from
a ooole;{lwe. This loss varies with the season and amounts to from 8 to 10 per
cent. is can all be saved. The third los8 or scries of losses arises in the
compressing cylinder. Insufficient m&ply. difficult discharge, defective cooling
arrangements, poor lubrication, and a host of other causes, perplex the designer
and rob the owner of power. The fourth loss is found in the gipe. This has
heretofore received by no means the consideration which the sabject demands.
The loss varies with every different situation, and is subject to somewhat com-

x influences. The fifth loss is chargeable to fall of temrerature in the cylin-
of the air ne. Losses arising from leaks are often serious, but the
remedy _is too evident to require demonstration. No leak can be too small
to require immediate attention. An attendant who iscareless about packings
and hose couplings will permit losses for which no amount of engineering sk%ll
can compensate. .

We can only realize 100 per cent. efficiency in
out of our consideration, when the expansion «
temperature in the expanding or air engine cylin
the chan, which have taken place during the
compressing cylinder. But these conditions cs
during comp ion b heated, and durin,
the air immediately after compression, before th(
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an air engine and there perfectly expanded back to atmospheric preseure, it
would on being exhausted have the same temperature it had before compression
and its efficiency would be 100 per cent. .

But the loss of heat after compression and before use cannot be prevented, as
the airis exposed ta such very large radiating surfaces in the reservoir and pipes,
on its passage to the alr engine. The heat, which escapes in this way, gied,
while in the compressing cylinder, add much to the resistance of the air to com-

ression, and since it is sure to escape, at some time, either in reservoir or ripee,
Yt is evidently the best plan to remove it as fast as possible from the cylinder
and thus remove one t of resi H we find compressors are
almost universally provided with cooling attachments more or less perfect in
their action, the alm being to eecure isothermal compression, or compression
having equal temperature thronghout. Where the temperature rises, without
check, during compreszion, the term adiabatic compression is employed.

If air compressed isothermally is used with perfect expansion and the fall of
temperature durinyg expansijon be prevented, then we will have 100 per cent. effi-
ciency. But air will grow cold on being expanded in an engine and hence we
conclude that warming attschments have the same economic place on an air
engine, that cooling attachments have on an air compressor. In fact we find
attachments of this kind, more particularly in large and permanently located
engines, but for practical reasons their use on the most of engines for mine
worlix li: di;pen with, and the engines expand the air adiabatically, or without
receiv eat.

The prgctical engineer therefore has to deal with nearly isothermal compression,
and nearly adiabatic expansion, and must also consider that the air in reservoirs
and pipes becomes of the same temperature as surroundingobjects. Consider-
ation must also be had for the friction of the compressor and the air engine.
We find for the ordinary pressures, about 60 pounds which are most commonly
used, that the decrease in resist to co ion, which is secured by the
cooling attachments, is almost exactly cqnale(f by the friction of the compressor.
Hence it is safe in calculating the efficiency of the air enzine, to consider the
compressor as being without cooling attachments and also as working without
friction. The results of such calculations will be too high efficiencies for light
pressores, which are little used,--about correct for medinum pressures which are
commonly employed, and too low for %}:er pressures, and will thus havethe ad-
vantage of not being over esiimated. is result is occasioned by the fact, that
owing to the slight heat in pressing low pr of air the saving of

wer by the cooling attachments is not equal to the friction of the machine,

ut at high pressures on account of the great heat the cooling attachments are of
great value and save very much more power than friction consumes.

In the ex’nnding engines, the expansion never falls as low as the adiabatic
law would indicate, owing to a number of reasons, but we will consider the
expansion as being adiabatic, as an error in calculations caused thereby will be
on the *‘safe side ’’ and the actual power will exceed the calculated. e there-
fore consider the compressor and enFine as followlng the adiabatic law of com-
pression and expansion and a8 working without friction.

With this view of the case, the efliciency of an air enFlne. working with per-
fect expansion, stated in per of the power required to operate the com-
pressor, can be placed as below for the various pressures above the atmosphere.

Pres?um above the atmogphere. lz'g lgs. 9185 per cegt. eﬂlc‘i‘ency.

“ “ . “ 294 T2 “ .
.“ .“ “ .“ 44°1 + 66°90 ** “ “
“ “ “ “ 588 ** 6270 “ “
.“ .“ “ “ 785 ¢ 5948 ** “ .“

“ “ “" “ wog ““ wom “ L .

We observe that the efficiencies for the lower pressures are very much grea!
than for the high pressures, and the conclusion is almost irresistible that to secu!
economical results, we must design our air engines to ran with light pressures.
And in fact, the consideration of tables similar to the above, heretofore published
by writers on this subject, has led many engineers into grave errors.

The pipe has been entirely neglecied. e notice that a pressure of 29 Ibs. is
credited with an efficiency of 94'85 ger cent, It isclear that if the air was con-
veyed through a pipe, and the length of the pipe and the velocity of flow were
such that 2'9 1bs. pressure was lost in friction then its efficiency instead of being
94'85 per cent. would be absolutely gero. It is therefore the power, which we
can get from the air after it has passed the pipe and lost a part of its pressure by
friction, that we must conaider, when we state the efficiency of our entire apps-

o
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Our table of efficiencies with a loss of 2'9 1bs. in the pipe, now gives us aif-
ferent values for the efficiencies at the various pressures.

Pressure above the atmosphere, 2:91bs. 00°00 per cent. efficiency.
“" “ " “" 14.7 “" 70-44 .“ .“ "

.“ “woow . 204 ¢ 6881 ¢ .
. “oow [ 44°1 ¢ 6487 ¢ ¢ ““
. [TRTY .“ 588 6148 ¢ ¢ .
.. "o« “ 785 ¢ 5862 ¢ "
[ “ e “ 882 ¢ 5628 ¢ "

It will be noticed that the light pressures have lost most by the pipe friction ;
29 1bs. having lost 100 per cent.; 14°7. 1bs. 11 per cent. and 88:2 Ibs. only a trifle over
one-half of one per cent. We see that now 14°7 1bs. is ngparently the econom-

pressure to use. Buta further careful analysis of the subject shows, that
when the loss in the pipe is 2'9 lbs., then 205 Ibs. is the most economical
ressure to use and that the efficiency fs 71 per cent. But 29 1bs. is a very smal
oes between compressor and air engine, and cases are extremely exceptional
where the friction of valves, pipes, elbows, ports, etc., does not far exceed this.
Yet, with these conditions, which are very difficult to flll, we see that 205 1bs. is
the iightest pressure which shoald probably ever be used for conveying power,
and that 71 per cent. is an efficiency scarcely to be obtained.

Continuing our investigation and taking examples where the pipe friction
amounts to 5°8 Ibs., we find the following efliciencies to correspond to the stated
pressure :

Pressure above the atmosphere, 147 1bs.  57'14 per cent. efficiency.
“" .“ (3 “ %-4 “ 64-49 " “ "

. .“ “ “ 44°1 ¢ 6271 ¢ [
. Ny [ . 588 ¢ 60°12 ¢ ¢ .«
“ . .« “ 735 ¢ 5778 ¢« “«
“ “ . “ 9 5559 ¢ et “

88

We again notice that as friction increases, or in other words, when we belgln
to use more air and make greater demands on the carrying capacity of the pipe,
then we must increase pressure very considerably to attain the most eco-
nomical results, If the demands are such as to increase the friction and loss in
pipe, t0 14°7 1bs,, the air of 147 lbs. pr at the comp or is entirely useless
at the air engine. .

The table will stand thus :

Pressure above the atmosphere, 147 1bs. 0000 per cent. efficiency.
“" .. “ 13 m.‘ " 48.“ " “" "

" .“ “ “ 441 ¢ 5518 ¢ ¢ .
. “ “ “ 588 55 “ o .“
. .« [ “ 785 Bdrg ¢« “

[ “ “ .“ 3 “oe .“

882 53-44
It is to be noticed that 88°2 Ibs. pressure has lost only about per cent. of its
efficiency by reason of as high a friction as 14-7 Ibs. while the efficiency of the
lower tgressures has been greatly affected.
As the friction increases we see that the most efficient and consequently most
ical p e i . In fact, for any given friction in a pipe the
e at the p must not be carried below a certain limit. The
following_table gives the lowest which should be used at the com-
pressor with nr{ﬁng_amounu of friction in the pipe :

2:9 1bs, friction. 20°5 1bs. at compressor. 70'92 eficiency.

58 o 294 3 6449 “

8.8 (3 .“ wns " (1 60~64 ‘“
11.7 “ “ 47. “ [ 57.87 “
14'7 " " 52«8 “ “ 56'73 .“
17.6 “ .“" 61-7 “" " muw “
m.5 “ “" 70.5 “ X3 52.52 “
235 « “ 764 “ «“ 51-26 “
%‘4 ““ .“ 82-8 ““ (3 m-‘|7 (3
29.4 . “ 88 I g “ ‘9.19 “

8o long as the friction of the pipe equals the amounts given above an effi-

ciency ater than the corresponding sums stated in the table cannot be
expectegre If wo should have a case which corresponded to any of these cited in
the table, we counld only increase efficiency by reducing the friction.

An increase in the size of pipe will reduce friction by reason of the lower
velocity of flow required for the same amount of air. But many situations will
not admit of large pipes bein% employed, owing to iderati of y
outside of the quertion of fuel or prime motor capacity.
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An increase of pressure will decrease the bulk of air gn.ssing the pipe, and in
that proportion will decrease its velocity. This will decrease the loss by fric-
tion, and, as far as that goes, we haveagain. But we subject ourselvesto a new
loss, and that is the diminishirrg efficiencies of increasing pressures. Yet aseach
cubic foot of air is at & highcr pressure and therefore carries more power, we
will not need as many-cubic feet, as before, for the same work. It is obvious
that, with 8o many sources of gain or loss, the question of selecting the proper
pressure is not 10 be decided hastily. .

As an illustration of the combined effect of these different elements we will
suppose & very common case.

ompressor 102 rcvolutions, pressure 52-8 Ibs., loss in pipe 14'7 1bs., machine
in mine running at 382 1bs,, efficiency 55'73.

8o long as the friction of the pipe amounts to 14:7 1bs., we have seen that 52'8
Ibs. is the best pressure and 55'78 the greatest efficiency. We will reduce the
friction by reducing the bulk of air passing through the pipe. We reduce the
cylinder of the air engine 8o that it requires 47 Ibs. pressure to do the same
work as before. We find now the friction of pipe drops to 11-7 lbs. The
P e on the rises to 58'8 1bs. its number of revolutions falls to 100
and the resulting eﬂfciency 18 57°22 per cent.

Another change of pressure on compressor to 047 1bs. would decrease its
Tevolutions to 93, friction to 8'8 1bs., and efliciency would rise to 5794 per cent.
8till again increasing pressure to 73'5 1bs. we have only 84 revolutions of com-
pressor, 5'8 1bs. loss in pipe and el’ﬂciencg of 57'78 per cent. In this last case
the efficiency begins to fall off a little, and higher pressures would now show less
etficiency, but, in comparison with the first example, we find we are doing the
same work in the mine with a trifie less power and with a decrease of nearly
20 per cent. in the speed of the compressor.

ther common examples can be shown where an increase of pressure would
result in wonderful increase in efficiency and economy. There are many cases
where light pressures and hi;h velocity In the pipe will convey a given power
with greater economy than higher air pressures and lower speed of flow through
the pipe. But these cases arise mostly when the higher air pressures become
very much greater than are at present in commen use.

Therefore in estimating the efficiency of the complete outfit we find that the
pipe and the pressure are very important elements and must be determined with
care and skill to secure the most satisfactory results, As the volume and power
of air varies with its pressure, the size and consequent cost of compressor for a

_certain work would also be affected by the pressure. To plan an outfit fora .
mine due regard must be had to cost of fuel or prime motor power, and also to
cost of compressor, pipes and machinery, as the saving in one is often secured
by a sacrifice in the other.

Next to determining the size of pipe, the skillful engineer has need of further
care in the proper position of reservoirs, branches, drains and other attach-
ments, a8 only by the exercise of goo& judgment in this can satisfactory
working be secured.

FRICTION OF AIR IN PIPES.

Air in its passage thronglg pipes is subject to friction in the same manner as
water or any other fluid. The pressure at the compressor must be greater than
at the point of consumption in order to overcome this resistance. The power
which 18 needed to produce the extra pressure representing the friction of the
pipe, is lost, as there can be no usefal return for it. The friction is affected by
very many circamstances, but chiefly to be noted, i8s the fact that it increases in
direct proportion to the length of the pipe and alzo as the square of the velocity
of the flow of air. The pressure of the air does not affect it.

The losses by friction may be quite serious if the piping system is poorl
designed, and on the other hand extravagant expenditure in pipe may result
from a timid overrating of the evils of friction. A thorongh knowledge of the
laws governing the whole matter, as well as a ripe experience, is necessary to
secure true economy and mechanical success.

The loss of power in pipe friction is not always the most serious result. When
& number of machines are in use in & mine and the pipes are 8o small as to cause
a considerable loss of pressure by friction, then there will be rudden and violent
fluctuations in pressure whenever a machine is started or stp&ped. Breakages
will be of common occurrence as the changes are too quick to be entirely
guarded against by the attendant. Perfectly even pressure at the compressor is
no safeguard against this classof accidents. The trouble arises in the pipe and
the remedy must be there applied. A system of reservoirs and governing valves
will regulate these matters and allow successful work to be done with pipes
which would otherwise be entirely inadmissible.
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0SS OF PRESSURE IN POUNDS PER SQUARE INCH, BY FLOW OF
AIR IN PIPES.
CALCULATED FOR PIPEs 1000 FEET LONG.
For other lengths the loss varies directly as the length.

of,
air at the
TWO AND ONE-]
= E“: ONE INCH PIPE. ' TWO INCH PIPE won RALF
. ' ] 'a 2 E 8 a i-? | &g
? 2 2. u‘gg_g 1 3 = :é 4 ag '35
[ EE3Ss (PR3, £z is | ¢ s ga
&2 of [85fe8 o8 lEe 81 e
) 5 BLRkkd Oy.n.§‘§, P s S 4 %g | ¥
e ] e
- % ~ sg o Eg e |83 |- S SRl e
2 § 28g25° 2963 g8 | o 98| g8
sles'Bes) 1 (3826 § |23
&% | g8 1838, 88| 88
1| 828 1435 T ‘0704 | 23 29| 0574 41°
2| 6°56 *6406 12° 15 3050 | 46°| 59°|| -2562| 65° 82°
8| 9841 1°4545 18° 22 (7216 | 69| 88| -5818] 97| 124-
4] 13°18)| 25620 24" 29" (1566 | 93] 117°|| 1-0248| 180°( 165"
5] 16°40|| 3'9345 29 37 1°9642 | 116°| 146°|| 1°5738| 163°| 207*
6 | 19-68|] 5°4325 35 44 2°7120 | 139°| 175°|| 21690 195°| 247°
8 | 88°24|| 10-2480 47" 59" |15°0264 | 185°( 234°|| 4°0992| 260°| 830"
10§ 88-80|| 15°7380 59° 74- [|7-8568 | 232°| 294°|| 6-2952| 826°| 418°
THREE INCHES. FOUR INCHES, FIVE INCHES.
1] 8428 0463 48° 60° ‘0347 | 86°| 109°|| 0287 134°| 169*
: 6°56) 2092 96° 121 “1525 | 1727 217°|| 1281| 268°| 289-
| 084 4880 | 144" 182" *3608 | 258 326°|| 2909 402°| 509°
4| 13°12 8381 193* 243" 6283 | 343°| 436°|| °-5124| 587°| 678*
8| 16°40|( 1-8176 | 241" 304" 9821 | 429°| B44°|| 7869 671°( 844°
6] 19°68/ 1-8080 | 289" 364" (1°3560 | 515°| 653°|| 1-0845/ 805°(1017*
8] 2-24| 3-355| 386 486° (2°5132 | 687" 871°|| 2°0496/1073" (1357
10 | 82:80]] 5°2704| 480° 7 113°9284 | 859°11088° || 3'1476/1342°|1696°
8IX INCHES. EIGHT INCHES. TEN INCHES,
1 3-8 032 193 244 *0173| 343°| 434 0143 537°| 680"
2| 656 1046 386° 488" 0762( 687°| 864°([ -0640{1073°(1859"
38| 984 “2440 579" 633° *1805(1030° [1303° *145511610°12039°
4| 1812 ‘4190 (R (ol “3141/1373°1736° 56212146 12719
8 | 1640 6588 965" 1221 49101717 [2171" *3934(2683° (3399
6 | 19-68, ‘9040 | 1158 1466° *6780)2060 " 2605 5423(3220° (4079°
8| 26°A4f 16762 1544° 1954° 1°0556(2747 13473 || 1°0248[4293° [5488°
10 | 82°80l] 2-6352| 1931 24437 |0 17964213434 [4342° 1| 1-5738|5367"|6798°

The resistance is not varied by the pressure, only so far as changes in
re varies the velocity. It increases about as the square of the velocity,

Ppressu
and directly as the length.
Elbows, short turns and leaks in pipes all tend to reduce the pressure in
addition to the losses given in the table.
TABLE BHOWING LOSS BY FRICTION IN ELBOWS.

An a;allbow, with a radius of one-half the diameter of the pipe, is as short as can
made.
Radius ?.f elbow g dlamc;ters. Eqniv:ulent lerlxgth o‘l" ntmlght:‘plpe 'g%z diugetrse.

“ P " “ " “ “ 903 “ .
. 114 “" “ “ “ “ 10°36 .“
.“ 1% . “ “ . . 1272 “
“ 1 . “ . “ . 17°51 .“
“ “ “ g “ g [
“ % “ s . .“ g !gg [

Bt %
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MINE SURVEYING.

Instruments.—-The instruments necessary to make a mine survey are a transi
or compass, chain or steel tape and pins, and a clinometer orslopelevel. Othe
necessary tools are a hatchet and nails for marking stations, or any other tool
that the surveyor may need to mark them according to his favorite plan, and
25 ft. or & 50 ft. metallic tape line.

THE COMPASS.

The compass may be either a pocket compass, or a surveyor's compass, an(
may be used by holding in the hand, or with a tripod. The Jacob's Staff, con
venient for use on the surface, is frequently useless in the mine. The compass i
not accurate enough for the construction of a general map of the mine. It i
useful inasmuch as it enables the mine foreman to readily secure an 3
idea of the shape of his workings, and from a plan constructed by its use he cat

t an g; imate course on which to drive an openinf designed to connec

WO Or more gven points. If the opening is one that will be expensive to drive
and should straight, the compass snrve¥ should never be relied on. Th¢
Pocket-Compass consists merely of a magnetic needle swinging freely on a pivol
in the centre, all enclosed in & metallic or wooden box with_a glass face unde
which is a circle graduated into 360 deﬁ;ees. They are made both with foldi
sights and without. These folding sights are accurately placed at the North
South sides of the compass box, that on the North end being a slot in which i
fixed a perpendicular wire, and that on the South end bequ merely a fine slof
with several smyll circular holes aleng it, to which the eye is applied in sighting.

The Surveyor’s Compass is similar to the Pocket Compass with folding sights,
only larger. It is arrang:d for use on a tripod or a Jacob’s Staff by Esvfnga
spindle with a ball end, which fits accurately into a socket that may be screwed
on to either the tripod or Jacob’s Staff. It is also supplied with two level tubes
set at right angles to each other. The ball and socket ?olnt enables the compass
box to he moved in aandlrection, 80 that it can readily be levelled. It is also
arranged to swing horizontally on its axis, and it can be clamped in any position.

TO ADJUST THE COMPASS,

The levels.—First bring the bubbles into the tre, by the pr of the
hand on different parts of the plate, and then turn the compass half way around;
should the bubbles run to the end of the tubes, it wonld indicate that those ends
were the highest; lower them by tightening the screws immediately under, and
loosening those under the lowest ends until, by estimation, the error is half
removed; level the plate aﬁsin. and repeat the first operation until the bubbles
will remain in the centre, during an entire revolution of the compass.

The sights may next be tested by observing through the slits a fine hair or
thread, made exactly vertical by a plumb. Should the hair a]rapear on one side
of the slit, the siq:n must be adjusted by filing off its under surface on that side
which seems the highest.

The needle is adfuste’d in the following manner: Havingthe eye nearly inthe
same plane with the graduated rim of the compass circle, with a small spinter
of wood or a slender iron wire, bring one end of the needle in line with any
1r)‘rominem, division of the circle, as the zero, or ninety de; mark, and notice

the other end corresPonds with the degree on the opposite side; if it does, the
needle is said to ** cut * opposite degrees; if not, bend the centre-pin by appl, inE
asmall brass wrench, furnished with our compasses, about one-eighth of an fnc
below the point of the pin, until the ends of the needle are brought into line
with the op?osite degrees.

Then holding the needle in the same position, turn the compass half way
around, and note whether it now cuts opposite degrees ; if not correct half the
error by bending the needle, and the remainder by bend'inF the centre-pin.

’l‘ih;s operation must be repeated until perfect reversion is secured in the first
position.

This being obtained, it may be tried on another quarter of the circle; if any
error is there manifested, the correction must be made in the centre-pin only,
the needle being already straightened by the previous operation.

‘When again made to cut, it should be tried on the other quarters of the circle,
and corrections made in the same manner until the error is entirely removed,
and the needle will reverse in every point of the divided circle,
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TO USE THE COMPASS.

In using the compass the surveyor should keep the South end towards his
person and read the bearings from the North end of the needle. In the Sur-
veyor’s Compass he will observe that the ?ositlon of the E and W letters on the
face of the compass are reversed from their natural position, in order that the
direction of the :ﬂ:t mn¥ be correctly read.

The compass le being graduated to half degrees, a little practice will en-
able the surveyor to read the bearings to quarters—estimating with his eye the
space bisected by the point of the needle.

The compass is usually divided into quadrants and zero is placed at the North

. and South ends. Ninety degrees is placed at the E and marks, and the

uations run right and left from the zero marks to 90°. In reading the

, the sm-vcxor will notice that if the si%hts are pointed in a N.W. directién

the north end of the needle, which always points approximately North, is to the

right of the fromt sight or front end of the telescope, and as the number of

degrees is read from it, the letters marking the cardinal lpolnts of the compass

read co . If the E or east mark was on the right side of the circlea N. W.

course would read N. E. This same remark applies to all four quadrants. The
compass should always be in & level position.

THE TRANSIT.

The transit is the only instrument that should be used for measuring angles
in any survey where great ac-
curacy is desired. The advan-
tages of a transit over a vernier
compass are mainly due to the
use of a telescope. By its use
angles can be measured either
vertically or horizontally, and
as the vernier is used through-
out extreme accuracy is se-

c

The verniers on a transit
differ from those on a compass
in detail only. The principle
is the same. The transit ver- {
nier i8 so divided that 80 spaces
on it equal in length 29 on the .
limb of the instrument. The >
method of reading it is prac-
tically the same as ng a

vernier, except that Fig.2.
on the transit the vernier is made with all of the 30 divisions on one side of the
sero mark. (See . 3.)

Each division is therefore ,‘t or in other words 1 minute longer than the half

d graduations on the limb,
‘0 read the vernier.—As the compass vernier is usually 8o made that, there
are but 15 spaces on each side of the zero mark it is read a8 follows : Note the
and half degrees on the limb of the instrument. If the space passed
beyond the degree or half degree mark, by the zero mark on the vernier is less
than 3¢ the space of half a d on the limb, the number of minutes is of
course less than 15 and must be read from the lower row of figures. If the
space passed is ter than one-half of the spacing on the limb, read the upper
row of figures. e line on the vernier that exactly coincides with a line on
the limb, is the mark that denotes the numnber of minutes. If the index is
_ moved to the right, read the minutes from the left half of the vernier; if moved
to the left, read the right side of the vernier.

To turn off the variation.—The surveyor having a vernier attached to his
compass, can by moving the vernier to either side, and with it of course the
compass circle attached, ret the compass to any variation. Then by Placing
his instrument on some well defined line of the old surveg, and by turning the
tangent screw (slow motion screw) until the needle of his compass indicates
the same bearing as that given in the old fleld notes of the original survey.
Then by screwing up the clamping nut underneath_the vernier, he can run all
the other lines from the old fleld notes without further alteration.

The reading of the vernier on the limb gives the amount of variation since
the original survey was made.
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MAGNETIC VARIATION.

[

It is well known that the magnetic needle, in almost all parts of Nortlk
America, points more or less to
the east or west of a true line

o 2
variation or declination of the 15 i‘iﬁ_
needle, is notconstant, but in- . 9 i ]5
creases or decreases to & very | ] -

from North to South. This

deviation, which is called the

sensible amount in a series of T 1
For this reason, in runnin, LT [T~

N - l
over the lines of a tract of lan L
from field notes of some years 0

standing, the surveyor would

be obliged to make an allow- Flg. 1.

ance, both perplexing and un-

certain, in the bearing of c¢very line. To avoid this difficulty the vernier was,
devleed.. the arrangement of which for compasses is usually as follows : The
vern%s 50 graduated that 30 spaces on it equal 81 on the limb of the instrument.

. 1)

In the above cut the reading is 20° 10/. If the zero on the vernier should be
beyond 2014° on the limb of the transit, and the line marked 10 should coincide
with a line on the limb, the reading wonld be 20° 4¢. In case the 12th line from
zero should coincide with a line on the limb, the reading would be 20° 42, etc.

The interior of the telescope is fitted up with a diaphragm or cross wire ring
to which cross wires are attached. These cross wires are either of platinum or
are strands of spider web. They arve set at right angles to each other and are
8o arranged that they can be adjusted so as to be exactly perpendicular and
exactly horizontal.  This diaphragm is pended in the telescope by four
::va{patan head screws, and can be moved in either direction by working the screws

th an ordinary adjusting pin.

The intersection of the wires forms a very minute point, which, when they are
adjusted, determines the optical axis of the telescope, and enables the surveyor
to fix it upon an object with the greatest precision.

The imaginary line passing through the optical axis of the telescope, is termed
the “line of collimation,” and the o*)emtion of bringing the intersection of
the wires into the optical axis, is called the ‘adjustment of the line of colli-
mation.” This will be hereafter described.

The openings in the telescope tube are made considerably larger than the
screws, so that when these are loosened, the whole ring can be turned around
for a short distance in either direction.

The object of. this will be seen more plainly, when we describe the means by
which the wire is made truly vertical.

TO ADJUST THE TRANSIT.

The levels of this instrument have a capstan head screw at each end, and
are adjusted with a steel pin in the same manner as those of the Plain compass.
The needle is also adjusted as described in our account of that instrument.

Line of collimation.—To make this adjustment, which is, in other words,
to bring the intersection of the wires into the optical axis of the telescope, so
that the instrument, when placed in the middle of a straight line will, by the
revolution of the telescope, cut its extremities—proceed as follows :

Set the instrument firmly on the ground and level it carefully; and then having
brought the wires into the focus of the €ye-piece, adjust the object-glass on
some well defined point, as the edge of a chimney or other object, at a distance
of from two to five hundred feet; determine if the vertical wire is plumb, by
clamping the instrument ﬂrmlg to the spindle and applylng] the wire to the
vertical edge of a building, or observing if it will move parallel to a point taken
a little to one side; should any deviation be manifested, loosen the cross-wire
screws, and by the pressure of the hand on the head outside the tube, move the
ring around until the error is corrected.

e wires being thus made respectively horizontal and vertical, fix their point
of intersection on the object selected; clamp the instrument to the ggindle. and
having revolved the telescope, find or place some good object in the opposite
direction, and at about the same distance from the instrument as tge first
object assumed. ° :

reat care should always be taken in turning the wleseodpe, that the position
of the instrument upon the spindle is not in the slightest degree disturbed-




COLLIERY ENGINEER POCKET-BOOK. 181

__Now, having found or placed an object which the vertical wire bisects, unclamp
the instrument, turn it half way around, and direct the telescope to the first
object selected; having bisected this with the wires, again clamp the instrument,
revolve the telescope, and note if the vertical wire bisects the second object

observed.
Should this happen, it will indicate that the wires are in adjustmentl and the
points bisected are with the centre of the instrument, in the same straight line.

-If not, however, the space which separates the wires from the second point
observed, will be double the deviation of that point from a true straight line,
which may be conceived as drawn through the first point and the centre of the
instrument, since the error is the result of two observations, made with the
wires when they are out of the optical axis of the telescope.

For as in the diagram, let
A represent the centre of
the instrumen‘t, h:tng B C the
imaginary stral ne, upon A —C
the Sextramities of which tho S
line of collimation is to be ad-
justed. . :

B represents the object first selected, and D the point which the wires bisected,
when the telescope was made to revolve.

‘When the instrument is turned half around, and the telesco&e anin directed
to B, and once more revolved, the wires will bisect an object, E, situated as far
to one side of the true line as the point D is on the other side.

The space, D E, is therefore the sum of two deviations of the wires from a
true straight line, and the error is made very apparent.

In order to correct it, use the two capstan head screws on the sides of the
telescope, these being the ones which affect the pogition of the vertical wire.

Having by means of thesescrews, moved back the vertical wire until, by
estimation, one-quarter of thespace D E, has been passed over, return the instru-
ment to the point B, revolve the telescope, and if the correction has been care-
fully made, the wires will now bisect a point C, sitnated midway between D and
E, and in the prolongation of the imaginary line, passing through the point B
and the centre of the instrument.

To ascertain® if such is the case, turn the instrument half around, fix the
telescope upon B, clamp to the spindle and again revolve the telescope towards
C. If the wires again bisect it, it will prove that they are in adjustment, and
that the points, B, A, C, all lie in the same straight line. Should the vertical
wire strike to one side of C, the error must be corrected precisely as above
described, until it is entirely removed.

As the makers of the instruments always place the cross hairs at exactly right
an%es to each other, if the vertical hair is kept plumb, the other wilF be at
right angles to it.

|

THE CHAIN OR STEEL TAPE AND PINS.

The chain should be made of annealed steel wire, each link exact1§ 1ft. in
length. The links should be so made as to reduce the liability to kink to a
minimum. All joints should be brazed, and handles at each end of D shape, or
modifications of D shape, should be provided. These handles should be attached
to short links at each end’, and the combined length of each of these short links
and one handle, should be exactly 1 ft. The handles should beattached to the
short link in such a manner that the chain_may be elightl{ lengthened or
shortened by screwing up a nut at the handle. It should be divided every 10 ft.
with a brass tag, on which either the number of points represents thenumber of
tens ir"rg]m thehfront end, or the number of tens may be designated by figures
stam on the mfs

When a chain 18 purchased, one that has been warranted as ¢ Correct, U. S.
Standard, should be selected, and before using it, it should be stretched on a
level surface, care being taken that it is straight, and no kinks in it, and the
extremities marked by some permanent mark. These marks can be used in the
future to test the chain. Itshould be tested frequently, and the length kept to
the standard as marked when it was new.

In chuininf, the chainmen should always remember the axiom that *‘ A
straight line 18 the shortest distance between two points.” Ordinarily the chain
should be held horizontally, and if either end is held above the ground a plumb
bob und line should be used to mark the end of the chain on the ground. If
used on a regular incline, the chain may be stretched along the incline, and by
having the amount of declination the horizontal and vertical distances may either
be calculated or found jn the Traverse Table. N
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The steel tape is simply a ribbon of steel, on which are marked, by etching,
or other mev,nsl:e the digerent graduations, which may be down toylnches or
tenths of a foot, or may be only every foot. It is wound on a reel, and may be
any desired length up to 500 ft.

Chains are usually in 50 and 100 ft. lengths.

For accuracy steel tapes are now almost exclusively used by the leading
mining engineers of the anthracite regions, on account of their greater accuracy
as compared with chains. i

‘When distances do not come at even feet the fractional part of the foot shonld
always be &ngt:g in tenths. Thus fifty-three fect and six inches should always be
noted as 53'5 ft.

Pins.—Pins should be from 15 to 18 ins. long, made of tempered stecl wire,
and should be goinwd at one end, and turned with a ring for a handle. When
using a 50 ft. chain, a set of pins should consist of eleven, one of which should
be dﬁninguished by some peculiar mark. This should be the last pin stuck by
the front chainman. When all eleven pins have been stuck, the front chainman
calls * Out/ ™ and the back chainman comes forward and delivers him the ten
pins that he has picked up, and he notes the ‘‘ out.”” When Evlng the distance
to the transitman he counts his * outs,” each of which consists of 500 ft., and
adds to their sum the number of fifties as denoted by the pins in his possession,
and the odd number of feet and fractional parts of & foot from the last pin fo
the front end of the chain.

These directions regarding * outs, apply only to cases where sights of over
550 ft. length are taken. The accuracy and value of a survey depend as much on
the careful work of the chainmen a8 on anything else, and no one should be
allowed to either drag or read the chain who is not intelligent enough to appre-
ciate the importance of extreme accuracy.

The clinometer or slope level.—The clinometer is a very valuable instru-
ment and should be always carried by the surveyor, It consists of a level tube
8o arranged that one end swin%s loose around the quadrant of a circle which is
graduat everg' uarter or half a degree from 0° to 90°. When placed on a level
surface the bubble will be in the centre of the tube, when the marker on the
end of the tube is at zero. When placed on any pitching sunrface, and the tube
ismoved so that the bubble is in the centre, the marker will shaw on the quad-
rant exactly at the number of degrees of inclination.

COMPASS SURVEYING.

As was noted before, the compass should not be depended on except in cases
of emergency, or for short surveys of comparative unimportance. With it,
horizontal angles only can be measured, and the notes are, for field work ver:
simple. A survey made with a compass requires very simple notes. As models
for the student we give the following examples:

FIELD NOTES FOR AN OUTSIDE SURVEY.

Called place of beginning Station 1. .
Stations. Bearings. Distances.
1to2. N. 35° E. 270°0.
At 14 87 ft. crossed small stream 3 ft. wide.
At 1 - 116 ft. = first side of road.
At 1+ 181 ft. = second side of road.
At 14187 “i; = blazed and painted pine tree, 3 ft. left, marked for a
‘" go y.“
‘ Station 2 is a stake at foot of white oak tree, blazed and painted on four sides
Or coruer.
2-8. N. 8314° E. 129°0.
Station 3 is stake and stones corner. .
. . E. 222°0.
3 i 64 ft. = centre of small stream 2 feet wide.
3 + 196 ft. = white oak ‘‘go by," 2 ft. right.
Station 4 = cut stone corner.
. . 3414° W. 855°0.
4 4 174 ft. = ledge of sandstone 10 ft. thick, dipping 27° south.
. N. 5616° W. 323°0. |
5 -+ 274 ft. = ledge of sandstone 10 ft. thick, dipping 25° south (evidently
continuation of same ledge as at 4 | 174).
Station 1 = place of Jeginning.




COLLIERY ENGINEER POCKET-BOOK. - 128

NOTES FOR A MINE SURVEY.

Set at a point in East Main Ganzwaif, oppoeite centre of third cross hole to
Air Gangway. Called place of beginning Station 1.
At Station 1, ribs 4 ft. right and 8 ft. left.
1-2. N. 6744° E. 97°6.
Station 2 is opposite cross hole to Air Gangway, pillar 10 ft. thick.
At 1 - 50 ribs, 2 ft. right, 10 ft. left. '
At 2 ribs, 6 ft. right, 6 ft. left.
Vein 64 ft. thick. Dip of vein, 16° Sth.
2-3. N.4° E. 1634,
2 +4- 10 = first side of opening on left.
2 4 23 = second side of opening on left.
2+ 50 = 6 ft. right, 6 ft. left.

2 :t 22 } = opening left,

38 is Face of Gangway, 4 ft. right, 8 ft. left.
Vein 6.5 ft. thick, coal good. Dip, 12° South.

The notes of a survey should always be dated, and the names of the party
recorded. The pages of the note book should be numbered, and when future
surveys are started from old points, or sights are taken to old stations, reference
should be made in the notes to the page on which such stations were pre-
viously noted.

The note‘:Elven as examples can be greatly abbreviated in practice, but care
should be taken not to make them unintelligible by too much abbreviation.

VERNIER OR TRANBH‘, SURVEYING.

In treating of surveying of this kind it may be said in the start, that the
operator who has been making surveys with the compass for some time, is much
better able to begin with the vernier than one who has had no experience with
the needle. To make a vernier survey a transit with sliding plate and vertical
circle must be had. The sliding plate is arranged under and on the outside
edge of the compass box, and is divided into degrees and halves from 0 to 360°,
while a small plate, call the vernier, above the lower, records the minutes. On
the transit the compass plate is generally divided the same as the vernier

late and not into quadrants. In stlrtinf e survey the instrument must first
placed by means of a plummet directly over the A)olnt of beginning and
leveled. 'he sliding plate is then set 8o that it coincides with 0 of the vernier,
and the plate is then clamped and turned so that the north end of the needle
corresponds with 0 on the compass plate. The lower screw is then fastened and
the vernier plate screw loosened when the first sight is taken, and the course
recorded by noticing beyond what number of degrees on_the lower plate the 0
of the vernier points and the number of minutes beyond this, by counting on
the vernier from 0 to where a line on the vernier exactly corresponds with one
on the lower plate. As a check the needle course is recorded, which should
nearly correspond with that of the vernier, according to the quantity of mag-
netic attraction by which it may be influenced. The instrument is then moved
and set exactly on the point where the sight had juet been taken and again
leveled, great care being taken to have the same ing on the plate as was re-
corded at the previous sight. While the plates remain clamped the lower screw
is loosened and a sight is taken back upon the point just left. When this isdone
the order is reverse%, the lower screw being fastened and the vernier plate
allowed to move and another sight ahead is taken and the course read. At this
point, by referring to the needle, which has been mentioned heretofore to be
used as a check, the course will be found to differ from the reading on the ver-
nier 180°, or as near thereto as the magnetic attraction will permit. The needle
being established as the meridian at the beginning of the survey, it will be seen
at once that the reading on the vernier is not correct. but is recording a course
directly opposite to the one being run, and in order to overcome this difficulty
the true course is recorded by adding or subtracting the difference 180° after
taking into consideration the direction of the survey. The instrument is then
moved to the next station and the same course pursued and so continued through-
ont the whole of the survey, great care being constantly taken by using the
needle as a check to avoid noting courses in oﬁeposlte directions to the correct
ones, and to bear in mind to note the distance between all stations and inter-
mediate points.
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The vertical circle is divided from 0 to 90° to the right and left of the centre,
and has a vernier attached in order that slopes may be minutely recorded.
taken either up or down. Intaking anangle the sight must be taken to the rod
or light at the same distance from the ground as is the telescope of the instru-
ment. The angle is then recorded from the circle in the same manner as_one
from the vernier plate, and is marked plus or minus, according as the sight is
taken up or down. .

The distance between the points having been ascertained, the vertical height
may be found by means of the Traverse Table or Table of Sines and Tangents.

In making a transit aurvey, the surveyor cannot make his notes too full. In
a surface survey, both horizontal and vertical angles should be taken at every
sight, Every példvsical characteristic, and all surface improvements should be
noted and located. Every ledge of rock should be noted, ite character, dip and
course of strike should be taken. The stations should be made as permanent as
possible. A notch and nail in the root of a tree or stump is far preferable to a
stake and nail. A small hole drilled in a solid immovable rock is better still.
In mine surveys, the more complete the notes the better. A mine map may be
accurate enough, and still not be complete. The mine map should be a com-
plete history of the colliery, showing also, indirectly, what its future may
reasonably be expected to be. The main idea should be to get as much infor-
mation as possible on the map.

To make a complete mt:r, the engineer should first make a survey around the
tract to be worked, locating all the prominent physical features and improve-
ments. If he can do 8o, he should make a topographical map of the tract at
once; but, if time is limited, by running the vertical as well as the horizontal
angle, he can carry the tidal elevation or the elevation above some assumed
datum, to every station, and mark it on the map at that point. Then as he
makes subsequent surveys, he can gradually get data enough to make a fairly
complete topographical map in course of time. Every ledﬁe of rock in place,
should be located, and the amount and direction of its dip, as well as the
character of the rock, should be marked neatly on the map. The streams of
water on the tract should be regarded as of primary importance, and should be
located with exactness.

After the surface survey has been made and plotted, a survey ehould be care-
fully carried into the workings and the same care taken in reading the vertical
angles. Mark the elevation carefully at every station. Take the dip of the vein
at every station, and oftener if it changes between stations. 1f the vein worked
is & thick one, note how far the station is above the bottom slate, if above it at
all. Note the thickness of the vein, and take frequent sections of it. Locate all
faults and state the character of each fault. Locate the ribs of all pillars with
accuracy. Don't attempt to make a pretty map b{zdrawing the sides of openings
parallel to each other; draw them as they are. ote all pillars that have been
robbed out, and those that have been skipped. Designate such pillars by some
standard mark to distinguish them from pillars that still remain intact. In
running the survey through a tunnel, take a section of it, noting carefully the
dips and character of each bench of rock. Do thesameinshafts. Take advaun-
tage of every ogportunity to ‘‘tie up » the survey by connecting with some other
branch of it by running through cross cuts or any other openings. Take
advantage of the second outlet to carry the survey to the surface by a route dif-
ferent from that by which the mine was entered, and tie up with the outside
survey. ‘‘Don’t shove,”.is a short and an appropriate expression.

If the surveys don’t tie, don't shove them so that they apparently will; re-
run them until you find the error that has thrown you out. If you have tied up
at every opportunity, the chances are rou will not 'have far to 1ook for the error.
Use what good sense you have been blessed with. This will direct you in re-
gard to noting other features not already mentioned. Always bear in mind that
{Iour notes cannot be too complete. Don't be afraid of filling your note book.

ote books are cheap, and they were made to be filled. eep your notes as
neatly and in as condensed a form as is consistent with clearness.

Base all your work on one meridian. If you have a8 numberof collieries in the
same neighborhood, don’t have as many different meridians, or you will never
know how they lie in their relation to each other, and the difference in meridi-
ans will be an endless source of annoyaunce.

Test your instruments frequently and see that thez are in perfect adjustment.
Don't trust the magnetic needle if you want to make an_accurate survey and
map. Test ‘y;our chain or steel tape as frequently as you do your transit. An
inaccurate chain and a poor chainman are as great sources of error as a transit
that is out of adjustment and a careless transitman,
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Let your mine map be the ventilating chart of the mine. Mark the upcast and
downcast iplainly on it, and show the course of the air carrents by arrows.

With mine maps constructed on these lines, collieries can be worke1 more
economically and with greater safety. More coal can be taken out ar jess
expense, and advantage can be taken of innumerable natural and other features
that, without such a map, would be loet sight of.

If a cross section is desired, on any line through the tract, the data to con-
struct it can bé taken directly from the map. If a change is desired in the
method of ventilating it can readily be tl:nned on the map. If mechanical
haulage is desired the necemxi'{ data for the mechanics can be taken from the
map. If it is desired to rob pillars in any portion of the colliery the superinten-
dent can see at a glance whether it can be done with safety to the outside im-
provements and the inside workings or not. If there are any streams on the
tract, they can be readity kept from finding their way to the inside workings,
and thas the duty of the pumping engines can be kept down to a minimum.

PLOTTING.

Plotting ists of reproducing on paper the lines of a survey, on any scale
that the surveyor thinks best. For mine maps, a ecale of 100 ft. per inch will
be ’I{gund most collal:mient. i (able,

e necessary instruments are a draughti board or a T-square ora
lel ruler, a protractor and a ecale. € s

If a T-square is used the es of the dranghting board or table must be
planed very accurately, 8o that slight errors are not magnified on the long blade
of the T-square. For extensive maps the T-square xhould not be used.

The T-square is generally made of hard wood. and is constructed in the shape
of the letter T. e blade or stem may be either rigidly set at right angles to
the head, or it ‘maieswmg on a pivot, and be with clamp screws that
will permit of its being set at any angle. The head is placed against the edge
of the table or board, and the biade is used as a ruler to mark or carry the
meridian to any portion of the map.

The parallel ruler is simply a ruler set on rollers that are very accurately
turned to exactly the same size and so constructed that paralle] lines may be
drawn by simply rolling it from place to place on the paper. Parallel rulers of
a cheap form are made by joining two straight edges with two or more strips
of metal of exactly the same length, fustened to the straight edges in such a
manner that they are parallel toeach other, and the ends revolve around a pivot.
Then by setting one straight edge on any line, a parallel line may be drawn by
moving the otherstraight edge to the desired place.

The protractor consists of a circle or a semi-circle gradnated into ds s and
fractional parts of degrees. The semi-circle is the most convenient. 1t is often
sulﬂ)lied with a blade, to_which is attached a vernier, and with it minutes as

ell as degrees or halfand ﬁnnrter degrees can be plotted. The semi-circular
protractor with a blade and vernier reading to minutes is the most convenient
style and is therefore preferred by most draughtsmen. The scale is simply a
m%e divided into inches and these are subdivided into different divisions, as
required by the draughtsman. The most convenient scale is the triangular box-
wood or steel scale which has six different graduations, as follows :

(1) The inches-are divided into tenths ; (2) inches divided into twentieths ;
(8) inches divided into thirtieths : (4) inches divided into fortieths ; (5) inches
divided into fiftieths ; (6) inches divided into sixtieths. .

In addition to the above named instruments, there are dozens of others of
more or less value to the draughtsman. Principal of these are, wooden, rul
ber or metallic triangles, ruling pens, dividers, curve boards, bow pens, etc.
The paper on which the map is to be drawn should be tacked down to the
table or board, and should be covered with squares each exactly 10 ins. square.
The sides of these squares should be the meridians, or North and South lines,
and the tops and bottoms should run due East and West. Mark the first sta-
tion on the paper, set your parallel ruler or T-square on the meridian nearest it
and with the protractor produce the course to the next station. Measure the
distance with & scale, and proceed in this manner to plot all the courses, usin
each time the meridian nearest the station the course is taken from. After a
the stations have becn plotted, fill in the side notes, marking everything on the
map with great care and neatness. Always use the horizontal distances. All
surveys should be traversed, and all plotting should be either checked by the
traversing, or the principal stations should be plotted by use of the traverse.

To calculate the vertical distances.—When making the survey read the
vertical angles to all stations. If the angle is one of depression note it with a
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minus sign (—)Tgrecedlng it. If it is an angle of elevation precede it witha
plus sign (-Q. ese will show whether the vertical distance is to be added to
or subtracted from the height of the preceding station.

Having the horizontal distance and the vertical angle :

Distance X tangent of vertical angle=Departure or vertical distance.

Having the pitch distance and vertical angle :

Distance X sine of vertical angle=Departure, or vertical distance.

To ealculate the horizontal distance or latitude.—Pitch dfstance X cosine
of vertical angle=Horizontal distance or latitude.

\Ifeliticcnlsl height, or departure -+ sine of vertical angle=Horizontal distance
or latitude.

To calculate the pitch distanee.—Horizontal distance or latitude -+ cosine
of bearing, or multiplied by secant of bearing=Pitch distance.

Vertical distance or de&mrture -+ gine of vertical angle, or multiplied by co-
secant of bearing=Pitch distance.

To calculate the vertical angle.—The horizontal distance or latitude + the
pitch distance = Cosine of vertical angle.

Vertical distance or departure + pitch distance = Sine of vertical angle.

Vertical distance, or departure + horizontal distance or latitude = Tangent
of vertical angle.

Note.—Whenever sines, cosines, tangents, etc., are here named, they mean
the natural sines, etc., of an arc described with a radius equal to one. A table
of natural sines is published in this volume. There is also a table of logarithmic
sines, etc., and of logarithms of numbers, by the use of which the calculations
may be shortened. (See tables of Logarithms of Numbers and Logarithmic
Sines, Tangents, etc.) °

To traverse a survey.—To traverse a survey, means to determ'ne by calcu-
lation how far North or South and East or West any station may be from
another, the location of which is fixed. To do this, all distances must be either
measured horizontally, or calculated to horizontal distances. The horizontal
angles, or courses must be either read as quadrant courses or reduced from
azimuth to quadrant courses. An azimuth course is one that is read on the transit
which is graduated from 0° to 360°, A gquadrant course is one read in the
quadrant of the circle, as 8. 67° W., N. 48° K., etc.

Latitnde means distance north or south, and is determined by the first initial
of the recorded course. Thus, if a course is 8. 67° W., the latitute is south; if
N. 48° E., the latitude is north.

Departure means distance east or west, and is determined by the last initial of
the recorded course. Thus if a course is 8. 67° W., the departure is west; if N.
43° E., the departure is east.

The latitude=Distance X cosine of bearing.

The departure=Distance Xgsine of bearing.

If the survey is a continuous one around a tract, and ending at the place of
beginning, the sum of the Northings should equal the sum of the Southings; and
the sum of the Eastings should equal the sum of the Westings. Or in other
words the sum of all the latitndes north, should equal the sum of all the latitudes
south; and the sum of all thedepartures east, should equal the sum of all the
departures west. It is evident that by coming back to the place of beginning
the surveyor has traveled the same distance north as he has south, and the
same distance east as he has west.

The most accarate way to construct 8 map is to traverse the survey and place
all stations on it by the traversed distances, or to at least put 2 number of the
principal stations on the map by the traversed distances, and use the protractor
only to plot the intermediate stations. If the maggs constructed in this way,
the convenience of the 10 inch squares mentioned before, will be at once seen by
the draughtsman. They are also important in plotting with the protractor,
because they reduce the chances of errors by the slipping of the parallel ruler,
or inaccuracies of the edge of the table when the T-square is used, to a minimum.
To illu]strate plotting by use of the traversed distances, we will use the following
example:

"~ Quadrant D Latitud Departures,
Stations. | urses. ' N. | 8. E. w.
1to2 N. 85° E. 270°0 221°0 1550
2103 N. 83° 80/ E. 129°0 150 128°0
3to4 8.57° K. 2920 121°0 | 186'0
4t05 S.34° 15 W. 855°0 ‘ 293°0 2000
2360 ' 414°0 ' 469-0 ' 2000
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'The foregoing table calculated according to formula for latitudes and depart-
ures, shows that Station 2 is 221°0 ft. North and 1550 East of Station1; and
that Station 5 is 178'0 South and 269'0 ft. East of Station 1.

These stations, or stations 8 and 4, or all, may be placed on the map by sim-
ply making the two measurements for each station.

To find the area of a tract of land.—If a regular polyﬁon, find the area by
the rule given under the head of ‘ Memnsuration.” for polygons of the same
number of sides. If an irregular polygon, divide it into triangles and calculate
the area of each triangle, the sum of these areas will be the area of the tract. "
If the tract is an irregular polygon in shape the map should be made on as large
ascale as ible, and the distances should be measured with the greatest care,
owing to liability to error through very slight inaccuracies of measurement.

To find the contents of a seam of coal under a tract.—If the seam lies
flat, multiply the area of the tract in square feet, by the thickness of the seam
in feet. The product will be the cubical contents of the seam in feet. If the
seam is an inclined one, find its area by measuring the width of the tract on its
line of pitch, and find the distance on the pitch of the seam by dividing the
horizontal dist: ed by the of the angle of inclination. This
will give you the pitch distance. Multiply the pitch distance by the length of
the tract, and you will have the area of the seam. This maultiplied by its
thickness will give the contents.

To carry a survey down a shaft.—One of the most difficult things that
the mine surveyor has to do, is to carry a meridian down a shaft. It is a task
that requires great care and patience, and should never be done in a hurry. In
addition to his other instruments, the surveyor should be provided with enough
fine copper wire to make two plumb lineg, each as long as the shaft is deep, and
he should also have two weights or heavy plumb bobs, and two buckets of oil.

After he has brought his survey up to the shaft, he should set two points
exactly in line, one on each side of the shaft, extendlnF into the o area, far
enough to keep the wire dropped from them from resting against the side of the
shaft at any place along its whole length. Having set these points, he should
drop a wire from each down the shaft, attach the weights or plummets, and let
them swing in the buckets of oil. As soon as they have come to rest, he should
set his instrument as nearly in line with them as possible, and move it graduall
till he finds that the vertical cross hair in his telescope exactly strikes bot
plumb lines. Then, as his instrument has been set on the course of the marks
at the head of the shaft, he has a eridian inside on which to base his survey.
The location of the instrument is found by simply measuring from the plumb
lines. Great care should be taken in this work, for a sllﬁ}lt inaccuracy at the
foot of the shaft will be greatly magnified at the face of the workings, if they
are at all extensive.

LEVELING.

Instruments.—But two instruments are used—the level and a leveling' rod.
The level consiats of a telescope to which is fitted on the under side a long level
tube. The telescope rests in a Y at each end of a revolving bar, which is
attached to a tri head very similar to that used for a transit. = The telesco
fssimilar to the telescope of a transit. The leveling rod is merely a straight
bar of wood, 6 ft. or more in length, divided into feet and tenths of a
foot. A target divided into four equal parts by two lines, one parallel with
the staff, and the other at right to it, and painted red and iwhite so as to
make It prominent at a distance, slides on the rod and is provided with a clamp
screw. The centre of the target is cut out and a vernier, gradua:cd decimally,
is set in, which enables the rodman to read as close as “ﬂm of a foot.

If a long rod is required, it is made of two sliding bars, which when closed
are similar to a single rod as described above. When used at points where it is
necessary to shove the target to a greater height than six or six and a half
feet, the target is clamped at the hi%l est graduation on the front of the rod, and
the rod is extended by pushing up the back part, which carries the target with
it. The readings in this case are made either from the vernier on a graduated
side, or a vernier on the back. The rodman must always hold his Pperfectly
plumb or perpendicular.

To adjust the level.—The proper care and adjustment of the level is of great
llaromnce. A very slight error in adjustment will completely destroy the
utility of any work done,
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To adjust the line of collimation, set the tripod firmly, remove the Y pins
from the clips, 80 as to allow the telescope to turn freely, clamp the instrument
to the tripod head, and, by the leveling and tangent screws, bring cither of the
;wres u f" a clearly marked edge of some object. distant from oneto five

hundred feet.

Then with the hand carefully turn the telescope half way around, so that the
same wire is compared with the object assumed.

Should it be found above or below, bring it half way back by moving the
capstan head screws atright angles to it, remembering always the inverting
property of the eye piece; now bring the wire again upon the object, and repeat
the first operation until it will reverse correctly.

]P'rt:lce in the same manner with the other wire until the adjustment is com-
pleted.

Should both wiree be much out, it will be well to bring them nearly correct
before either is entirely adjusted.

To adjust the level bubble.—Clamp the instrument over either pair of

leveling screws, and bring the bubble into the centre of the tube.
. Now iurn the telescope in the wyes, soas to bring the level tube on either side
of the centre of the bar. Should the bubble run to the end it would show that
the vertical plane, passing through the centre of the bubble, was not parallel
to that drawn through the axis of the telescope rings.

To rectify the error, brm%nlt by estimation half way back, with the capstan
head screws, which are set in either side of the level holder, placed usually at
the object end of the tube.

Again bring the level tube over the centre of the bar, and adjust the bubble in
in the centre, turn the level to either side. and if necessary, repeat the correc-
tion until the bubble will keep its position, when the tube Is turned half an inch
or more, to either side of the centre of the bar.

The necessity for this operation arises from the fact, that when the tele-
scope is reversed end for end in the wyes in the other and grincipal adjustment
of the bubble, we are not certain of placing the level tube in the same vertical
plane; and, therefore, it would be almost impossible to effect the adjustment
without a lateral correction.

Having now,in great measure, removed the preparator&diﬁculties, we proceed
to make the level tube parailel with the bearings of the Y rings.

To do_this, bring the bubble into the centre with the leveling screws, and
then, without jarring the instr take the tel out of the wyes and
reverse it end for end. Should the bubble run to either end, lower that end,
or what is equivalent, raise the other by turnin%the small adjusl.ilgﬁ nuts,on
one end of the level, until by estimation &alf the correction is made; again
bring the bubble into the centre and repeat the whole operation, until the re-
version can be made without causglf any change in the bubble.

It would be well to test the lateral adjustment, and make such correction as
niaage necessary in that, before the horizontal adjustment is eutirely com-
pleted.

To adjust the wyes.—Having effected the previous adjustments, it remains
now to describe that of the wyes, or, more precieely, that which brings the
level into a position at right angles to the vertical axis, so that the bubble will
remain in the centre during an entire revolution of the instrument.

To do this, bring the level tube directly over the centre of the bar, and clamp
the telescope firm'y in the wyes, placing it as before, over two of the leveling
screws, unclamp the socket, level the bubble, and turn the instrument half way
around, 8o that the level bar may occupy the same position with respect to the
leveling screws beneath.

Should the bubble run to either end, bring it half way back by the Y nuts on
either end of the bar; now move the telescope over the other set of leveling
screws, bring the bubble again into the centre, and proceed precisely as above
described, changing to each pair of screws, successively, until the adjustment
is very nearly perfected, when it may be completed over a single pair.

The object of this approximate adjustinent, is to bring the upper parallel
plate of the tripod head into a position as nearly horizontal as possible, in order
that no essential error may arise, in case the level, when reversed, is not brought

reciselir to its former situation. When the level has been thus completely ad-
?uuted. f the inetrument is Ero rly made, and the sockets well fitted to each
other and the tripod head, t
any position.

Should the engineer be unable to make it perform correctly, he should ex-
amine the outside socket carefully to see that it sets securely in the main socket
and also notice that the clamp does not hear upon the ring which it encircles.

e bubble will reverse over each pair of screws in
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‘When these are correct, and the error is still manifested, it will probably be
in the imperfection of the interfor spindle.

After the adfustments, of the level have been effected, and the bubble remains
in the centre in any position of the socket, the engineer should carefully turn
the telescope in the wyes, and sighting upon the end of the level, which has the
horizontal adjustments along each side of the wye, make the tube ag nearly
vertical as possible.

When this has been secured, he mag oBserve, through the telescope, the ver-
tical edge of a building, noticing if the vertical hair is parallel to it ; if not, he
should loosen two of the crosswire screws at right angles to each other and
with the hand on these, turn the ring inside, until the halr is made vertical;
the line of collimation must then be corrected again, énd the adjustments of
the level will be complete.

To use the level. —When using the instrument, the legs must be set firmly
into the ground, and neither the hands nor person of the operator be allowed
to touch them; the bubble should then be brought over each pair of leveling
screws successively, and leveled in each position, any correction being made in
the adjustments that may ap necessary.

Care should be taken to bring the wires precisely in focus, and the object
distinctly in view, 8o that all errors of parallax may be avoided.

This error is seen when the eye of an observer i8 moved to either side of the
centre of the eye-piece of a telescope, in which the foci of the object and e[xl'e-
glasses are not brought precisely upon the crosswires and object ; in such a
case the wires will appear to move over the surface, and the observation will
be liable to inaccuracy.

In all instances the wires and ob{]ect should be brought into view so perfectly
that the spider lines will appear to be fastened to the surfdice, and will remain
in that position however the eye is moved.

If the socket of the instrument becomes so firmly set in the tri head as
to be difficult of removal in the ordinary way, the engineer should place the
palm of his hand under the wye nuts at each end of the bar, and give a sudden
upward shock to the bar, taking care also to hold his hands so as to grasp it
the moment it is free.

The fleld work.—If the snrve{ has been carefully made and vertica: angles
taken at every sight, levelin§I will be necessary only in cases where extreme
accuracy in regard to vertical heights is necessary. In most cases of practical
work at collieries, particularly in d ing thickness of strat::i’geneml rise
or fall of an inside road, etc., etc., the elevations calculated by the use of the
vertical angle will be close enough, but there are frequently instances when
leveling must be done to insure success in certain work. In this connection it
is well to state that if the transit telescope is supplied with a long level tube,
and it is as a whole in first class adjustment, levels can be successfully run with
it, if the transitman uses due care. In running levels the note book should be
ruled and the columns headed as follows :

Station. | Backsight | Foresight. | Igﬁlg?ntlgt. Elevation. | Remarks.

Having his instrument in proper adjustment and his note book ruled the
levelman is ready to proceed with the work.

The rodman holds the rod on the starting point, the elevation of which is
either known or assumed. The levelman eets up his instrument somewhere in
the direction in which he i8 going, but not necessarily, or usually in the precise
line. . He then gights to the rod and notes the reading as a backsight or + (plus)
sight ; enteririg it in the proper column of his note book, and adding it to the
elevatlon of the atartinﬁ point as the ‘‘height of instrument.* The rodman
then goes ahead about the same distance, sets his rod on some well defined and
solid point, and the levelman sights a&mn to the ta;getil which the rodman
moves up or down the rod till it is exactly bisected by the horizontal cross-hair
in the telescope, as he did when gvin the backsight. This reading is noted as
a foresight or — (minus) sight. The foresight subtracted from the height of in-
strument gives the elevation of the second station. The rodman holds this lat-
ter point, and the levelman goes ahead any convenient distance, baeksights to
therod, and proceeds as before. In this case we have assumed that levels are
only being taken between regular stations or two extreme points.

I{ a number of points in close proximity to each other are to be taken, the
rodman after giving the backsight holds his rod at each point desired. The
readings of any number in convenient sighting distance are taken and recorded,
as foresights and any descriptive notes are made in the column of remarks.
These are each subtracted from the height of instrument and the elevation
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found is noted in column headed elevation. After all the intermediate points
are taken the rodman goes ahead to some well defined point which is called a
““turning point** (T. P.) in the notes. The elevation of this is found and re-
corded. The rodman remains at this point until the levelman goes ahead, sets
up and takes a backeight. This backeight reading added to the elevation of
the turning point gives a new height of instrument from which to subtract new
foresights, and thus obtain the elevation of the next get of points sighted to.
‘When running levels over a long line the levelman should set frequent *“Bench
Marks.” These are any permanent well defined marks that can be readil
found and identified at any future time. By leveling to them he has sec
the elevation of points from which to start any subsequent levels that may be
necessary. A good bench mark can always be made on the side or root of a
large tree or stump by chopping it awa{lso as to leave a w shaped projec-
tion with the point np. Drive a nail in the highest point of this to mark where
the rod was held, and blaze the tree or stump above the bench mark. In this
blaze, either cut or paint the number of the bench mark, which should of
course correspond with the number in the note book. In the mines, prominent
frogs or castings in the main roads, if permanent, make good bench marks.
. ﬁs a;l example of the correct way to keep the level notes, we append the
ollowing:

Stati B.S. | F. 8. |H. Inst. | Elev. R ki
1 100°'0|Assumed Elevation of Station 1.
3412 103°412 .
2 4082 99°330 St.atilon 2 of Survey. See page ....,
| e vol.... -
6791 96°621 Sight taken to ground at N. B. -oop.
no. Smith's house. I Th
3="T.P. 4862, 98°550|Station 8 of Survey noted above.
11.698 110-248 .
4 9°817] 100°431(Station 4 of Survey noted above.
B.M.1 6°311 103°937|B. Mle 1 is on north side of large
oak. iy
5 6°427 103°821|Station 5 of Survey noted above. -

PRroor o CALonLATIONS,—The calculations are proven by adding together
the Backsights and also the Foresights taken to turning points and last station.

Their diff Is the diff of level between the starting point and
last station. Thus:
Fe hte. hta.
% 3412
6427 11698
11°289 15°110
_ 11

3821 = 103°821—100°0 or 8°821.
TO CONBTRUCT A OROBS-SECTION FROM A WELL MADE MINE MAP.

To successfully construct a cross-section, the dranghtsman should have a
?od knowledge of the local geology. With this, a well constructed map, and
the following feneral ideas he can easily construct a good section:

(1.) Draw a line across the map thro:Fh the points determined on.

(2.) Lay a narrow strip of tracing cloth on this line, draw on it the line and
carefully mark on it all points desired with their elevation above a common
datum. Do this for inside workings as well as the surface. Mark on it all of
the *“ dips " given on the map, on the line or in close proximity to it.

(3.) Draw a line on the paper you are going to use, and tack the strip of trac-
ing cloth down so that the line on it covers the line on the paper underneath.

?4.) With a needle point, prick all points noted on the tracing cloth, through
to the paper and erect perpendiculars from them.

(.) zssume some elevation as that of the datum line, and measure the
elevation of all points on the surface above it, and mark these points. Draw
lines connecting these points, and you will have the profile of the surface.

. (6.) In the same manner mark the elevation of the inside workinf by erect-
ing perpendiculars and ring the dist: they are above the assumed
elevation of the datum line. With'a protractor draw the pitch given, through
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each point which should be so placed as to locate the bottom slate of the vein,
Connect these pitches as nearly as you can by Kour knowledge of the features of
the vein, and you will have the profile of the bottom slate. Put the top of the
vein on by drawing a line parallel to the bottom, the correct distance from the
bottom slate. From your map take s that will ble you to show
what portions of the vein are taken out, and what still remain solid. Mark
the assumed elevation on the datum line, and also designate its course.

By following the above directions and working in the details, which differ in
every case, & good cross section can be made through any well mapped tract
without going in the fleld for notes.

THE THEORY OF STADIA MEASUREMENTS,

ACCOMPANIED BY TABLES OF HORIZONTAL DISTANCES AND
DIFFERENCES OF LEVEL FOR THE REDUCTION
OF STADIA FIELD OBSERVATIONS.*

BY ARTHUR WINSLOW,
Late Asst. Geologist, 8 d Geolog. Survey of Fenna., State Geologist of Missourf.

The fundamental principle upon which stadia measurements are based, is
the geometrical one that the lengths of parallel lines subtending an angle are
proportional to their distances from ite
apex. Thus if, in Fig. 1, a represents the
length of a line eubtending an angle ata
distance d from its apex, and a’ the length
of a line, parallel to and twice the length
of @, subtending the same angle at a dis-
ta;ce d’ from its apex, then will d’ equal

2d.

Thie is,;in a general way, the underly-
ingo%dnclple of stadia work; the nature of the instruments used, however,
introduces several modifications, and these will be best understood by a consid-
eration of the conditions under which such ts are 1ly made.

There are placed, in the telescopes of most instruments, fitted for stadia
work, either two horizontal wires (usually adjustable) or a glass with two
etched horizontal lines at the position of the cross wires, and equidistant from
the centre wire,

A self-reading stadia rod is further provided, graduated according to the
units of mersurement used.

In a horizontal sight with such a telescope and rod, the position of the stadia
wires are projec upon the rod
and intercept a distance which in

. 2 is represented by a.

n point of fact there is formed,
at the tion of the stadia wires,
asmall conjugate image of the rod
which the wires intersect at points
dand ¢, which are respectively the
foci of the points B and C on the
rod. If, for simplicity sake, the
object gim be considered a sim-
ple bi-convex lens, then, by a principle of optics, the rays from nnf point of an
object converge to a focus at such a gositlon that a straight line, called a
secondary axis, connecting the point with its image, passes through the centre
of the lens. This point of intersection of the secondary axes i8 called the
optical centre. Hence, it follows that lines such as ¢ (,Y and b B, in Fig. 2,
drawn from the stadia wires through the centre of the object glass, will intersect

* Mr. Winslow’s calculations and tables have been ‘proven practically correct, by
the several corps of the S8econd Geological Survey of Penna. The corps in the an-
thracite lons under directions of Mr. Frank A. Hill, Geologistin Charge, took over
%),000 stadia sights, and better results were obtained when tie surveys were made,
than in previous work in which distances were chained.
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the rod at points corres?ondlng to those which the wires caut on the image of
the rod. om this follows the proportion:

p
B TS T TP PN ¢ )

? I
Where: d = the distance of the rod from the centre of the objective
p= tllej d;qtance of the stadia wires from the centre of the ob-
ective;
f = the distance intercepted on the rod by the stadia wires;
= the distance of the stadia wires apart,

If p remained the same for all lengths of sight, thenilcould be made &

desirable constant and @ would be directly proportional to @. Unfortunately,
however, for the simplicity of such meusurementg, p (the focal length) varies
with the length of the sith., increasing as the distance diminishes and vice
versa. Thus, the proportionality between d and a is variable.

The object. then, is to determine exactly what function ¢ is of d and to
express the relation in some convenient formula,

The general formula for bi-convex lenses is:

1 1 1
p v f
J i8 the principal focal length of the lens, and p and p/ are the focal distances

of image and object and are approximately the same as p und d, respectively,
in equation (1):

1 1 1
therefore, — ; = ? approximately.

»
d d
and — = — —1
» S
. da @
From (1), — = —
P I
e d
R e |
1 s
S .
whence, = T [ o AU Ceree e ieeiaaas 3)

In this formula, it will be noticed that, as £ and I remain constant for sights
of all lengths, the factor by which @ is to be multiplied is a constant, and that
d is thus equal to a constant times the length of @, plusf. This formula would
seem, theun. to express the relation desired, and it is generally considered as the
fundamental one for stadia measurements. As above stated, however, the

1 1 1

equation — 4 7 = — is only approximately true, and the conjunction of this
formuia u"’im (2) being, therefore, not rigidly admissible, equation (8) does not
express the exact relation.* The equation expressing the trae relation, though

ering from (8) in value, agrees with it in form, and also, in that the expres-
sion corresponding to — is a constant, and that the amount to be added
remains, practically, /. Theconstant corresponding to 1 may be called kt, and
thus the distance of the rod from the objective of the telescope is 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 centre of the

* This {s demonstrated later on.

1 k is dependent upon I and can, therefore, be made a convenient value in any in-
strument fitted with adjustable stadia wires. It {s generally made equal to 190, so
that a reading on the rod of 1’ corresponds to a distance of 100’ + /.
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instrument, it {8 further necessary to add the distance of the objective from
that centre, to f; which sum may be called ¢. The final expression for the dis-
tance, with a horizontal sight, is then

d=ka+C.cccoeevennn.... eetereeiiaenes eenen JN ()}

The nccessity of adding ¢ i8 somewhat of an incumbrance, In the stadia
work of the U. 8. Government_surveys an approximate method is adopted in
which the total distance is read directly from the rod. For this method the rod
is arbitrarily uated, 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 contained in the distance. For any other dis-
tance, however, this proportionality does not reraain the same; for, according
to the preceding demonstration, the reading on the rod is proportional to its
distance, not from the centre of the instrument, but from a point at a distance
¢ in front of that centre; o that, when the rod is moved from the goamon
where the reading expresses the exact distance, to a point, say half that distance
from the instrument centre, the reading expresses a distance less than half; and,
at a point double that distance from the instrument centre, the distance
expressed by the reading is more than twice the distance. The error for all dis-
tances less than the average being minus, and for greater distances plus.
The method is, however, a close approximation, and excellent resuits are
obtained by its use.

For stadia measurements with inclined sights there are two modes of proced-
ure. One, is to hold the rod at right
mgll‘es to the line of sight; the other,
to hold it vertical. ith the first
method it will be seen, by reference
to Fig. 8, that the distance read is not ak
tothe foot of the rod, E, but to a

point 7, vertically under the point F, s

cut by the centre wire. A correction o
has, therefore, to be made fot this,

An objection to this method is the

dificulty of holding the rod at the Fig. 3.

same time in a vertical Plane and inclined at a definite angle. Further, as the
rod changes its inclination with each new position of the transit, the vertical
angles of back and fore sight are not measured from the same point.

The method usually adopted is the second one where the rod is 2lways held
vertical. Here, owinﬁl to the oblique view of the rod. it is evident that the
space intercepted 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 distance from station to station, and also its vertical and horizontal
components, & correction must be made for this oblique view of the rod. 1n

. 4,
AB = a = the reading on the rod;
MPF = d = the inclined distance
=c¢+GF =c+ k.CD;
MP =D = the horizontal dis-
tance = d cos n
FP = Q = the vertical distance
=Dtann
n = the vertical angle;
AGB.=2m
It is first required to express d in
o (he Fosorionallt tsting b the sid
m the proportionality existing between the sidesof a le and t
sides of the opposiAteF angles, € triangle and the

Fig. 4.

sinm
GF  ain [90° + (n—m)]
or, AF=GFsinm —;
cos (n—m) N
BF sin m
GF  sin [00°—(n + ml

o, BF=GFslnm -— ———;
co8 (n +m)

and
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1 1
orAF+BF=GFsinm[ + ]
. cos (n—m) cos (n + m) ‘
CcDh 1 CD cosm

AF +BF =g,and GF = — =
2 tanm 2 sinm
By substituting and reducing to a common denominator,
CD cos m [cos (n + m) + cos (n—m)]

= —5— cos (n 4 m) cos (n—m)
Reducing this according to trigonometrical formuls,
co8? n cos? m— sin? n sin® m
CD =¢——

cos 1 cos® m
asd = MF = ¢+ . CD,
cos% n cos® m—sin? n sin% m
‘.d=c+ka

.. co8 n cos m3
The horizontal distance, D = d cos n.
.. D = 6 cos n + ka cos? n—k g sin3 n tans m.
¢ The third member of this equation may safely be neglected, as it is very
emall even for long distances and large angles of elevation (for 1500’ n = 45°
and k = 100, it is but 0'07). Therefore, the final formula for distances, witha
stadia rod held vertically, and with wires equidistant from the centre wire, is
the following: **
D=ccosn+takcos®n................ ®)
The vertical distance Q, is easily obtained from the relation : Q = D tansn.
.Q=csinn+akcosnsinn
sin 2n
orQ=csinn+ak PURRRARRE [N ()34

‘With the aid of formule (5) and (6), the horizontal and vertical distances can
be immediately calculated when the reading-from a vertical rod, and the angle
of elevation, of any sight are given. I have calculated from these formuls the

sin 28
stadia reduction tables following. The values of ¢ % cos?nandak —2—

were separately calcnlated for each two minutes up to 30 degrees of elevation;
but, as the value of ¢ 8in 1 and ¢ cos n have quite an inappreciable variation for
1 degree, it was thought suflicient to determine these values only for each
d . As ¢ varies with different instruments these last two expressions were
calculated for three different values of ¢, thus furnishing a ratio from which
values of ¢ 321} 7)1 and ¢ cos n can be easily determined for an instrument having
any constant (¢).

'he many advantages of stadia measurements in surveying need not be dwelt
upon here, both because attention has been repeatedly called to them, and
because they are self-evident to every engineer. Neither will it be within the
compass of this article to describe the various forms of rods and instruments,
or the conventionalities of stadia work.

A few pr fons, y for work, shonld, however, be emphs-
sized. First, as regards the special adjustments: care should be taken that in
setting the stadia wirest allowance be made for the instrument constant, and

*The above demonstration is substantially that given by Mr. George J. Specht, in
an article on Togogmﬁmcal Surveying in Van Nostrand’s Englneerlng Magazine for
February, 1880, though enlarged and corrected.

+ This applies to an instrument with movable stadia wires, and not one with etched
lnes on glass. In the latter case the uation of the rod is the adjustable portion.
It has been claimed as an advantage for etched lines on glass,that tmre not affect-
ed by variations of temperature while the distance between stadia 18. Aseries
of tésts which I made with one of Heller & Brightly’s transits, to determine this
point, showed no ‘i;igprechble alteration in the space between the as measured
Dot mnt b e st of 'Y ot summer’ %pﬂ?ghretb Srod: °“e3'"x'f produi:ed .
instrum« Yy er’'s an at producs enve!
telescope in a bag of ice, ¥ 4 ¥ oping the
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that the wires are so set that the reading, at any distance, is less than the true
distance 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 telesco,
at the different stations. If it be desired to have the absolute clevation of the
ﬂound under the instrument, the hei%ht of the telescope at each station will

ve to be measured by the rod, and the difference between this measurement
and the ave height used in sighting to the rod either added or substracted as
the case may be. is difference will ordinarily be so small that in a t deal
of stadia work no reduction will be necessary. In sighting to the rod for the
angle of depression or elevation, the centre horizontal wire must always be
used. By this means an exactly continuouns line is measured. 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,

For theoretical exactness it is necessary that the stadia wires should be equi-

nt from the centre horizontal wire, for, if this be not the ease. the distance
read is for an angle of elevation differing from the true one by an amount pro-
portional to the displacement of the wires.

With reasonable care a high degree of accuracy can be attained in stadia
measurements. The common errors of stadia ng are unlike the common
errors of chaining, the gross ones (such a8 making a ﬁlﬂ‘erence of a whole hun-
dred feet) belng iwnera], the only important ones, and these are readily
checked by doubke ings. To facilitate the substraction of the reading of
one cross hair from that of another, one should be put upon an even foot mark,
and in the check reading the other one.

As stated in the preceding dis jon, the lly ted formula express-
’h‘l,st.he relation between the distance in a horizontal sigﬁt. the reading on the
rod, 1tshe distance of the stadia wires apart, and the focal length of the objec-

ve

J
a= Y 1 o ®
where d, a, I and f rep these factors respectively.
This formula is derived from the conjunction of the two equations:
e TN @
1 1 1
and — + — = —;.... . Nt teenecenanenneenacrnnnan ®)
» 7 J :

pand p’ in (2), being considered as equal to p and @ in (1), which, it will be
remembered, are the distances from the cenfre of the objective to the image and
object respectively. But the general formula for lenses (2) is derived on the
sngposition that p and / are measured from the exlerior faces of the lens,
and therefore p and d in (1) are each greater, by half the thickness of the
lens, than %and p/in (2). Further, this formula is d’e’:rlved on the supposition
that the object glass of the telescope is a simple, biconvex lens, whereas, in
fact,itisa pound lens posed of a plano concave and a biconvex lens. Now,
though these points may seem lnsi?\ cant in themselves, they may influence
the final result, as a difference of only 1in the denominator of such a fraction

1,000,
. 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
corrections, 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, d, by this formula, when the factorsf, p and @ were
given, a result would be obtained which would differ considerably from the real

distance. The inaccuracy lies in the expression —. The one to be substituted

for it is, how , like it, & cc t for each instrument; and, as we determine

* This is assuming the measurements to be made by the ordinary method, and not
by the approximate one of the U. 8, Engineers.
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the value of this constant by actnal trial and not from a knowledge of the values
of fand I, the correction to Le made will not affect the practice.

Congidering first the case of a telescope with a simple, biconvex lens, the
optical centre, being here, in the centre of the lens, d and p, in equation (1), a8
before stated. are measured from the centre 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 2z, then .

2 in equation (1) = p in equation (2), minus x; and
p/ " . d . “ [ z.

I
Therefore, while (1) remains @ =%a,orp =—d . icie ciiionna.(1a),
a

1 1 1
by substitution (2), becomes, —— + —— = — ........ ...l (2a).
p—x d—=z f

1
Substituting d — for p in ()
a

and reducing, we have

I+a) @+ :
it 4 (I @+s,)]? a
d= Y + [La)d’__fl__l.(zt.g.zx/).......(aa)

This is the eract formula correspondinﬁlw (3), for biconvex lenses. This

can, however, be considerably reduced without materially affecting its value.

With a telescope of the dimensions of that of an ordinary engineer’s transit, the
a

term T (23 + 2 2 f) diminishes the result by about $ of an inch, and, therefore,

may be neglected. Formuia (3a) then becomes:
I+a) @+1)

I
_Iz+1f+aextaf
- 1

z+
If+f+a:

The addition of & (half the thickness of the object glass) would be lnnpa)r\’-
ciable in the length of any ordinary sight, and may be omitted. The final
expression becomes, then: -

z+S

d=

This formula, it will be observed, differs from (3), in that the reading on the

rod (a) is multiplied byfﬂ-/inntead of f. The numerical difference between |
ollo

. the results is seen in the wing examples:
Consider first the case with a one-foot reading on the rod, and let
x=18",f=9'007,and I = 08".*

Formula (3) becomes, then:
9°00”
= ——— 12°00 4+ 9°00” = 1359/ = 118°2W/ ;
-08”

Formula (35) becomes:
187 + 9°00”

12°007 4 9°00” = 1386 = 115°50/

08/ —_—
Difference= 2°25

R A A R R TR e AR
rans Cl n urnished me r. Heller, e 1
of the telescope was % dlametgn. v fying po

.
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‘When the reading on ghe rod is 5 feet (or 60”), then (8) becomes:

ad= 60°00” 4 9°00” = 563°2¥ ;
08
and (3b) becomes:
‘ *187+9°00”
d=—————60"00" 4 900" = 574'50/

” —_—
Difference = 11'25/ *

The above demonstration shows, then, that, with a simple biconvex object
glass, the usually accepted formula expressing the relation between the dis-
tance, the reading on the rod, the distance of the stadia wires apart, and the
focal 'length of the objective, 18 not accurate even within the limits of accurac
of such measurements. With the usual combination of lenses in objectives this
error would still remain. The derivation of a formula similar to (30), for such
lenses, would, however, be extremely difficult and would only hold for the
special lens in question. For, with such a combination of lenses, the optical
centre would no longer remain inthe centre of the lens, but would vary its
position according to .the relative thicknesses of the two glasses, their iof
curvature aud their indices of refraction; and, after its position had been deter-
mined by abstruse calculation and refined experiments, its distance from the
two exterior faces of the compound lens would be expressed by wo different
values (2 and 2’) instead of two equal values (); and this would very much
complicate further calculation.

It was =een that. in the newly deduced formula, for biconvex objectives, like
that heretofore wcePted, the factor by which the reading on_the rod is multi-
plied, is & cunstant for each instrument, and that the Sractical method of adjust-
ing the instrument remains the same. The ques
remain the case with a compound objective ?

It view of the difficulty of demonstrating this mathematically, it was decided
to make a })ractical test of this point with a carefully adjusi instrument. A
distance of 500 feet waa first measured off on a level stretch of ground, and each
50 foot Point accurately located. From one end of this line three successive

8

on now arises, does this

series of stadia readingst were then taken from the first 50 foot and each suc-
ceeding 100 foot mark. The following table contains the results:
Spaces Intercepted on the Rod.
Distances. 1ot Series. | 24 Series. | 34 Series. Mean.
Feet. Feet. Feet. Feet. Feet.
50°00 *4850 *4860 - 4855 - 4855
100°00 - 9850 *9870 9830 9850
200° 00 1-9850 1-9860 1-9840 1-9850
30000 279890 29875 29870 29878
400°00 3-9830 8-9800 3 3°9840
500°00 49850 4°9850 4-9900 4°9867

Multiplying the mean of these readings by 100 and subtracting the result
from the corresponding distance, we obtain the following table:

Mean of Stadia Variations
Distances. Reaaings times 100, Differences. from Mean.
Feet. Feet. Feet. Feet,
50°00 48°55 1'45 + -
100°00 98°50 150 + -
£00°00 19850 150 + o7
80000 20878 122 — 21
400°00 398°40 1°60 + 17
500°00 498°67 183 — 10

Sum of differences = 8°60;
Mean of difference = 1°43.

*Ag the difference is evidently proportional to the length of sight, with a 1000
lisht 1t would amount to 22.5', étc.

The readings were taken from two targets set so that the sight should be hor-

izontal and thus also preventing any personal error or prejudice from affecting the



138 COLLIERY ENGINEER POCKET-BOOK.

The variations between the bers of the column of diffe are sligh
the maximum from a mean value of 1'48 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, and as, in the maximum case, the variation corresponds to
a reading on the rod of only ‘0021 feet (an amount much within the its of
accuracy of any ordinary sight), we are perfectly justified in concluding that
these variations are accidental, and that the ‘ difference ' is, for all practical
purposes, a constant value.*

We thus see that with a telescope having a compound, plano-convex objec-
tive, whatever the formula may be, expressln% the relation between d, f, 2, etc., '
the horizontal distance is equal to a consfant times the reading on the rod plus
a constant, and may, as in the other cases, be expressed by the equation,

d=ak+ct !
The following tables, for the reduction of stadia fleld observations, have been |
computed from formuis (5) and (6) respectively : |

The vertical columns, in the tables, consist of two series of numbers for each
degriee, which series represent respectively the different values of @ k cos 3n and |
sin 2n

for every two minutes, when g k£ = 100. To obtain the horizontal

distance (D) or the difference of level (Q), in any case, the corresponding value
of ¢ cos n or ¢ 8in n must further be ed, and the mean of each of these |
expressions for every degree is given under each column for three of the most
common values of ¢.

ExaMpLE.—Let it be required to ind the horizontal distance and the differ-
ence of level when:

n =+ 6°1¥,
a k = 570, and |
¢ ="7. }

In the col headed 6°, opposite 18/, in the series for *‘ Hor. Dist.,” we find
98°80 as the expression for @ k cos 35, when @ k& = 100; therefore, when g k = 570;
a X cos In = 9880 X 5°70 = 563-16.

* Mr. Benjamin Smith Lyman has kindly furnished me with the following deduc-
tions from theabove tables, as an indication of th of stadia .

Variations Error (or variation from mean) Mean

‘Distances.  from mean. in parts of the dist. d d
50 ft. 07 —03 +02 00188 —*00066 -+--00088 * 00077
100 ** 07 —13 427 00068 —°00138 ---00266 001558
200 ¢ 07 —08 417 00038 —00016 -+'00083 000444
“ —33 —18 —* — 00111 —00061 —-00044 000%8
400 21 457 —83 + 00066 --+00142 —-00083 -0U00T2
500 * 07 407 —48 -+ 00018 00018 —-00086 000877
6)-004841
000808

“ We see then that the mean of the errors is ‘000808 (or 1-1287), whi% 80 far as the
insufficient number of eighteen sights can show, would be the mean
an infinite number of trials, and would correspond to a probable error of 000683, or
1-1464 for any one of the number of trials (that is, in lgeneul. for any trial) of the
Staaia, With 8 telcscops IMARHITYInG. oD Hmcs Hacar, 1o, My poper publiahed o the
stadia, escope m e 3 y ul
Frankiin Insticato Jonrnal ﬁi sy and June, i6). The aifference may be dae. per.
haps, to some cause which I did 8l
forward or backward, inexactness in placing the face of the rod recisely at the
station, imperfect graduation of the rod, impe ransparen
the glasses or of the air, imperfection in the shape of the lenses or in their adfust-
ments to one another, inferior light! of the magnified image as compared with
the unmagnified one, waviness from the varying refraction of the afr, with the
warm air "',’.':f from the sun d und, 1 focusing, inexact placing of
the centre r e\(xlpon the centre of the t, or graduatfon. This last difficu
might be avoided by tal one edge of the upper or lower cross hairs, and by
e o St Sl dl Meusafiment over chataing 0 shown s or o
uperior exactne 8 Vi owWn, 80 [
algbteg: trials could do it.” o,

1 This may seem a stalement of what was already a well known fact. But, hereto-
fore, it huweggea;::cnéed to be :l direct gedutctloni from gfucal ‘rlnclples, and a8,
according ding article, this i8 pot 8o clearly eviaent, {t seemed
toTede 0ot pot e, y t, necessary
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To this must be added ¢ cos n, which, in this case, is found in the subjoined
column to be *75.

Therefore the required horizontal distance is
563°16 + 75 = 563-91.
In a similar manner the required difference of level is
+ 10°91 X 570 4 08 = +- 62-27.

One multiplication and one addition must be made in each case.

It 18 to he noticed, that, with the smaller angles, cos n in the expression ¢ cos
n, ond ¢ rin n may be entirely neglected without appreciable error.

For valnes of ¢. which differ from those given, an ap;m:ximaw correction,
proportional to the amount of difference may very easily be made in these two

slglggass £28RS 2888 BINSE THLLE RIZISS

expressions.
0° 1° 2 % 40
M.

Hor. | Dift. || Hor. | Dift. || Hor. | Diff. || Hor. | Diff. || Hor. | Diff.

Dist. | Elev. || Dist. | Elev. || Dist. | Klev. || Dist. | Elev. || Dist. | Ele
, 100:00.  -00(| 99-97| 1-74|| 90-88| 8-49|| 99-73| 5-23|| 99-51| 6
2 . w0l o« | 1-80|| 99-87| 855 99-72| 52| | 7
4 . wo|oexell e | 18|l | 8-60|| 99-71| 534 99-50] 7.
6 . “ 17|| 99-96] 1-¢2|| « | 366/ * | 540 9940 7
8 . « | gall T« 1-08)| 90-s6] 872! 99-70] 5-46|l 99-48| 7'
10, . « | g9l « | go4| ‘¢ | 878 99-69) 558 99-47 7
12, . « | egsl| o« | 200l o085 884 | 587 99-46 7
u, . « | -1l op-es| 25| « | 390 99-e8| 563 ¢ | 7
16, . « | grfl Te| 2-21)| 99-84| 8-95|| ¢ | 5-69|| 99-45] 7
® . «w | gl o« | oggm|l T« | 401 99-67] 575 00-44| 7
2, . w | g8l « | 238l 99-83| 4-07|| 99-66| 5-80|| 99-43| 7'
2, . « | -64f 99-94| 238/ « | 4-1sl| | 586l 0042 7
o, | s | -qoll o) 2-44|| 99-82| 4-18|| 99-68| B-92|| 09-41| 7
2%, . 99-90| 78| < | 250/ * | 424/ 99-64| 5'98|| 09-40| 7
B, . «| -g1|| 9o-98| 2-56|| 99-81] 4-30|| 99-08| 6-04|| 9n-80| 7
%, . «w | egrf| | 2veel| v | 4-s8|| ‘| 609l 99 38| 7
% . s | -ggll e | o-er|l 00-80| 4-42!| 9-62| 6-15|| 00-38] 7
34' N . 99| . 278 m 4°48| m 6-21|| 99°87| 7
%, . « | 1-05|| 99-02 2-79|| 99-79| 4-53|| 99-61| 6-27|| 09-86| 7
8, . «o)o1enfl | 2ss|| | 4'59(| 99-60| 6-33)| 09 35| &
40, “ | 116 « | 21| 00-78| 4-65/| 99-59| 638l 99-34 s
@, « | 122l e9-e1| 2o7|| « | am|l | 644l 99.53| 8
Iy 00-98 1°28|( * | 3-02 99-77 4°76|| 99°58 6-50|| 09°32| 8
46, «| 1-84|| 99-90| 3-08 * | 4-62| 99-87| 656/ 9931 8
@8 . .| | 140 | 814|| 99-76| 4-88'| 90-56| 6-61) 99-30| 8-
50, « | 1eanl| ¢ | s20|| | 4-eaff ¢ | 667 ev29] 8
5, « | 1-51|| 99-80| 38-26|| 90-75| 4-99|| 99-55| 6-73|| 99-28| 8-
54, « | 1s7ll | 8:31)| 99-74| b-05|| 99-54| 6:78|| 09-27| 8-
56, 9997 1-e8l| ¢ | 8837|| | 511(| 9453 -84 09-26| 8
58, « | 1-69]| 99-88| 8-43|| 99.78| 5-17|| 99-52| 6-90|| 99-25| 8
00, “ | 1-74l| | 849l | 5-23|| 09-51| 6-96]| 99-24| 8
€= ‘T8, w con| w02 os] 5| os)| 75
e=100, | 1'00| ‘01 1-oo| .08f| 1-00 ~o4{ 1-00| -08|| 1-00
e=125, | 125! -2l 1251 o3l 1e5l -5l 1-95l -osll 126l 10
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Multiply the distance A to B, or one-half the lenﬁth_ of the string, in inches
by itself; measure the distance D to B in inches, and multiply it by itself., Add
these two products and divide the sum by twice the distance from B to D,
measured exactly in inches and fractional parts of inches. This will give the
radius of the curve in inches.

It may be more convenient to use & straight edge instead of a string. Care

. must be taken to have the ends of the string or straight edge touch the same
part of the rail as is taken in measuring the dist: rom the If the
string touches the bottom of the rail flange at each end, and the centre measure-
ment is made to the rail head, the result will not be correct.

In practice it will be found best to make trials on different parts of the carve
to allow for irregularities,

ExampLE.—Let A-C be a 20 feet string; hdlf the distance, or A-B,is then ten feet,
or 120 inches. Suppose B-D i8 found on measurement to be 8 inches. Then 120
multiplied by 120 is 14,400, and 8 multiplied by 8 is 9; 14,400 added to 9 is 14,409,
which, divided by twice 8, or 8, equals 24011 inches, or 200 feet 13§ inches,
which is the radius of the curve. AB34BDS

The formula is thus stated, —WT‘:R

Or applied to the above example, %——’X—; 9:2,401% in.=200 ft. 13 in.

To find the radius of & circular railroad curve, the straight portions of a
road being given.—If Q I and P D are thestraight por-
tions that are to be connected, the radius of the curve
I D may be found as follows: ;‘\

Produce Q I and P D until they meet and form the /
angle T. Bisect the angle Q T P by the line T E. From /
the goinz on either line from which the curve is to be-
gin, in this instance making the point I the point of
curve, erect the line I C pexipendicnlar to Q T and the
point where this joins the line T E, or C, is the centre
of the curve, and the line I C is the radius. To find
the end of the curve, or point of tangent, as D, draw
a line from C, perpendicular to T P. The line C D
will also be a radius of the circle of which I D is the Fig. 1.
arc and the point D will be the point of tanget.

To find the radil of compound curves to Join twostraight portions of road.
—This kind of curve is adogted where the rail-
road is required to pass through given points
as C, D, K, F, or to avoid obstructions.

Compound railroad curves are composed of
straight lines and circular arcs, and have com-
mon normals, O H, 0O P,P1,Q J,K R, and
therefore common tangents where the arcs are
joined. The normals are perpendicular to the

-

straight portions of the road also; O H 1is per- Fig. 2.
peg Kc\}xll.ar to A B, E F is perpendiculartoQJ,
an

To find the radii O B, C Q, to connect two straight lines of ra:
E, the road has to passfrom t%e int B, through Lh% point firoad, A B, D
C, and to touch the straight road E F at an. int D.

Join B and C, make the n;%le BCO= C, which is
supposed to be glven. equal 90°—T B C. Draw B O per-
penBlcglar to A B, then O B=C O, and 18 the radius of the
arc 3

With O B as radius describe the arc B C; draw C F
pe:gendicular to C Q, and produce D E to meet it in F,
make D F=C F, and draw D %rpendicu]ar to E F,
to meet C Q in Q. Then C Q= , and the radli O B
and Q D are determined.

To bend rails to proper arc for any radius.—Rails are
usually 80 ft. long, and the most convenient chord to use
in bending mine rails is 10 ft.

Then having the radius and chord we find the rise of middle ordinate by
squaring the radius, and from it take 1¢ the square of the chord. Extract the
igu?'lm roott t(:f t.h‘c;j Ee]ma]i_g;ier t:nd ’ls‘gbug:t :xt] from éhe rndlns;r the result will be

e rise or the middle ordinate. us having a radius of 80 ft. and a chord of
10 ft., the middle ordinate will be ’ : . .

80— ¥/30%—5% or 0°42 ft,
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SWITCHES,
The switch, or “latch® most commonly used in mines is shown in Fig. 4.

When the branch or siding is in constant use
LS
* \‘gf,A
AN

bar *d.”" The latches a, a, are wedge-
sha; bazs of iron (made as hizil as the rail)
with an eye in the thick end. They are some-
times connected together by a rod attached to
a lever go that they ma th be moved at
once from the side of the track, or by « per-
son situated at some distance. This switch
is made self-closing or automatic whenever it
is necessary to run all the cars off at the
branch (the switch then being ueed only to
admit cars to the main track) by nttach{:{;
the latches through a bar or lever to a metal- Fig. 4.
lic spring, & stick of some elastic wood, or .
a counter weight, to pull them back into a certain position whenever they have
been pushed to oue side or the other by the passage of a car on the main track.

Figs. 7, 8,10 and 11 show some of the applications of these spring latches or
automaticewitches. By asimilararraugement.in which fwo counterpoise weights
are used, the car may be made to set the latches, and sometimes the car is de-
%ndetlioupgnl lto effect this without the assistance of counterweights, (See

gs. 10 an ) .

The counterweights used for this purpose are usually set on a rocking arm or
lever oscillating a short distance beyond the vertical on one side, and through a
greater arc on the opposite side of the centre. The car opens the switch a cer-
tain distance moving the weight over the centre; the weight then falls, carrying
the switch over, and setting the latch firinly against the rail.

A m diflcation of this switch is shown in Fig. 5, which represents a form of
donble switch. These latches are set by the
drivers who kick them over and drop a small
equare of plate iron between them to hold
them in place. Thisswitch corts more than
the other style and is better adapted to out-
side roads than toinsideroads. The ordina
movable rail switch in common use on all
surface railways is sometimes used in mine
roads. It is commonly used in slopes ar-
ranged as shown by Fig. 9, to replace latches
set by the car, and is also largely used in
outside roads.

For crossings, ordinary railway frogs and grade crossings are sometimes used,
as is also & small turntable, which ther
answers two purposes. More frequently the 75 EX30M | B
lan shown in . 6, in which four movable
rs are thrown across the main track when-
ever the other road is to be used, is adopted. B )
The subordinate road is built from 134 to 2 T
in. higher than the main road to allow the ‘
bars to clear the main track ralls. % [
o rum:log&rs. 4 - —
n gangways or headings used as main g
haulage roads turnouts shuuﬁ‘l; be constructed &
at ;om'enielltlinwguls to a'lllgw the loaded
and empty trips pass. ege turnouts SN R
+hould be fong enough to accommodate from ng. 6.
five or six up to fifteen or twenty cars. The
switches at each end may be made self-acting so that the empty trip, coming
in, f8 thrown on the turnout, and in running out on the main track at the other
end the loaded cars open the switch which immediately closes.

As there is constant trouble with self-setting switches, either from emall
f ents of coal or slate clogging them up, or from snfficient power of the
s;fllxn to move them, they are viewed with disfavor by many colliery managers
who do not care to use them under any conditions,

:l:le ordinary railway frog is substituted for
15 2

=
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. SLOPE BOTTOMS.

At the foot of a slope, or at the landing on any lift, the gangway is widened
f;‘:& tgj accommodate at ieast. two tracks—one for the empty and one for the
cars.

The empty track should be on the upper side of the gangwai. or that side
nearest the floor of the seam, and the loaded track on that side of the gangway
nearest the roof of the seam.

An arrangement of tracks often used is
shown in . 7. At a distance of 40 or 50
feet above the gangway the slope is widened
out to accommodate the branch leading into the
gangway loaded track. This branch descends
with a gradually leesening inclination until
nearly at the level of the gangway it turns into
the main loaded track. A short distance above
the gangway a bridge or door is placed, which,
when . closed, forms a latch by which the
empty cars are taken off the slope. The
empty track is about 68 ft. higher than the
loaded track, and is carried over it on a trestle.

The illustration in Fig.7 shows the plan as

arranged for a single slope, or one side only of —

a slope taking the coal from both directions. LT,

When coal is being raised from this lift the

bridge is closed; the empty car comes down and ie run off over the bridge; the
car i8 unhooked from the rope, and the chain and hook, attached to the rope,
are thrown down to the branch below on which a loaded car is standing; the
loaded car is attached, the signal given, the car ascends to the main track on the
slope, opening the switch—or the switch may be set each time by the bottom-
men by means of a lever at the bottom of the branch.

This plan can only be economically applied in thick seams, as the height neces-
sary to allow one track to cross the other on a trestle cannot be obtained in
seams of moderate thickness without taking down a large amount of top.

A more simple plan, which diepenses with the bridge, is often used. The
branch is laid off, as shown by . 7, but near the point where it enters the
gangwag a switch, openinﬁ into the empty (a loaded) track, is placed.

B is arrangement the tracks cannot be as well arranged for handling,
the " cars by vity as in the former plan, in which the empty cars
when detached from the rope, run by gravity into the emptfy siding, and the
loaded cars descend by gravity around the curve to the foot of the branch,
where they lie ready to be attached to the rope. When the pitch of the slope is
80 steep that the coal falls out of the cars, the coal is raised in a gnnboat or the
cars are raised on a slope carriage—in either case the arrangement of the tracks
at lift landings is entirely different. With either a gunboat or aslope carriage
the arrangement of tracks on the slope is the same; but, in_the former case, a
connection between the slope and gangway tracks is often advisable.

When a gunboat is used the gangway tracks run direct to the slope, and a
tipple, or dump, i& placed on each side to dump the mine cars over the gunboat;
but when the cars are raised on a slope carriage, the gangway tracks run direct
(at right an?es) to the slope to carry the car to the cage or carriage. The floor
of the cage is horizontal, and has a track on it which fits on the end of the
gangway track when the carriage is at_the bottom, and this track is arranged
with stops eimilar to those on cages used in shafts.

Another common arrangement of tracks at the bottom of a slope is shown by

Fig. 8.
X branch is made by widening the slope out
near the bottom, and this, being a few feet
higher than the main track, is used to run off the
empties by gravity. The loaded cars run in by
gruvit{ around the curve to the foot of the
slope In position to be attached to the rope.
In ascending, the loaded car forces its way 1
ihrough the switch, or the switch may be set by
a lever located at the foot of the slope. When
the empty car descends it runs in on the branch,
where the chain is unhooked and thrown over in
front of the loaded car, and runs around the curve Fig.8
into the gangway by gravity,



COLLIERY ENGINEER POCKET-BOOK. 149

It will be observed that in this plan the loaded car (and consequently the

- bottom-men) stands on the track in line with the slope, and in danger from any

objects falling down the slope, or from the breakage of the rope or couplings;

but this can be obviated by making the bottom on the carve.. The illustration
Fig. 8 shows only one-half the slope; the other half is, of course, similar.

All of these plans necessitate the location of that part of the gangway near
the slope, in the iner benches of the coal or near the top rock—the gangway
is then curved gently around toward the floor, so that, when it has been driven
far enough to leave a sufficiently thick pillar, the bottom bench is reached and
the gangway is then driven along the bottom rock. ’

A very different bottom arrangement is shown by
Fig. t:& which also represents a plan frequently
ado on surface planes,

e two slope tracks are merged into one a short
distance from the bottom of the slope, and on the
opposite side of the bottom two tracks curve around fearen aer
into the gangway on ovposite sides of the slope. As e
these branches curve into the main gangway tracks,
a switch sends off a side track for the empty cars.

The switch on the slope is either set by the car—
and this can be done because the next loaded
up on the sameside on which the last empty descend- = =

—or by a lever located at the bottom.

It will'at once be seen that in this plan no oppor- Fig. 9,

tunity is afforded of handling the cars by gravity.
The curved branches are made nearly level, and the momentum of the descend-
ing car, if quickly detached, is often sufficient to it_partly or wholly
around the curve, even against a slight adverse e. Tge dmdvantage above
noted of having the bottom in direct line with the slope (where there is danger
from breakage and falling coal) also obtains in this plan. .

In the plan shown by Fig. 10, the ﬁr.eades may be so
arranged that the cars can be entirely handled by

gravity.

The latches on the main slope track may be closed
automatically b{a spring or weight, the loaded car
running through them in its ascent on the slope, or
both sets may be operated by a single lever at the
bottom. Theswitch at the ngper end of the cen-
tral track (loadegsiu set by a hand lever. All three
sets may be link ether, 8o that they can all be
properly set by asing e lever.

Reference to . 8 will show that this 18 only a
modification of that method. It requires space at
the bottom for only three tracks, while the former
requires width to accommodate four tracks, but is ob- .
jectionable becaunse it is more complicated. The Fig.10.
extra set of latches at the top of the central track, :
and the curvature of both main tracks into this central one, must inevitably
cauee much trouble and delay from cars jumping the track at this point,

The plan shown in Fig. 11 is open to many of the objections pertaining to
some of those already described, and which need not
be reiterated here. It can only be employed in thick
seams, or in seams of moderate thickness lying at a
slight angle or dip.

n planning the arrangement of tracks on a slope,
it s advisable to place as few switches as possible on
the slope itself; to keep the main track unbroken; to
make the tracks as straight as’possible; to have
nothing standing at the bottom in direct line with the
slope tracks; and to arrange the tracks so that cars
are handled by gravity.

The arrangement of tracks near the top of the
slope, and on the surface, is often very si r to the
bottom arrangements, as Already described; but as all
loaded cars (except rock and slate cars, which are run
off on & se te switch) are to be sent off on one
track, and all the empties come in on the ssme track
to the head of the slope, and as there is usually abund-
ance of room for tracks and sidings, these top ar-
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rangements are in a measure much more easily designed. In some instances
the two main slope tracks run into a single track near the head of the slope—
a plan somewhat similar to the bottom arrangement shown by Fig. 9—and the "
cars are then brought to the surface on one track, which, after passing the
knuckle, bifurcates into a loaded and empty track. A similar arrangement is
frequently adopted at slopes on which a carriage or gunboat is used. hen the
two main slope tracks are continued up over the knuckle to the surface—the
most common _and best plan—the arrangement of tracks and switches nay be
ﬁlanned entirely with a view to the quickest and most economical methoﬁ of
andling the cars.
VERTICAL CURVES AT TOPS AND BOTTOMS OF SLOPES AND PLANES.

The vertical curves at the knuckle and bottom of a slope or plane should
have a sufficiently large radius, that when passing over
them, the car will rest on the rail with both front and
back wheels. The wheel base of the car must be con-
sidered in adopting the radius for these curves, for !
if the curveis of too short a radius, there is danger of '
the car jumping the track every time it passes over H
the curve. Fig. 12 shows, in an exaggerated degree, :
the car passing over curves that are of too smal -
aradius. The defects and remedy are both apparent Fig. 12.
at a glance.

PLAN OF TRACKS FOR BOTTOM OF BHAFT.

Fig. 13 shows the arrangement of tracks at the foot of a shaft, with one of
the cages at surface. The grades should be so arranged that from the inside
latches of the crossings, the emkty track should
have a slight down grade from the shaft, and the

loaded track a slight down grade toward the
shaft. The crossings and the short straith
piece of road close to the shaft should be level. ~

As it is often desired to move empty cars from )
one side of the shaft to the other, without stol)- Fig. 13
ing the hoisting, & narrow branch road should
cut through she shaft pillar, and used for this purpose. Where the pitch of
the seam prevents this, 8 road should be laid alongside the shaft, room to
accommodate it being cut out of the rock, on the side most desirable.

ARRANGEMENT OF TRACKS, ETC., AT HEADS OF
SLOPES AND SHAFTS.

The arrangement of the tracks on the surface naturally differs at every col-
liery, owing to the different existing conditions. All surface roads should be so
arranged that the loaded cars can be moved with the least possible power,
always looking out for the return of the empties, with as little expenditure of
power as possible. To secure the running of the loaded cars from the mouth of
the shaft or slope by gravity, a slight grade is necessary, the amount of which
depends on the friction of the cars, which varies greatly. Care should be taken
that an excessive grade is not constructed, or there will be trouble in returning
the empties from the dump to the head of the shaft or slope.

‘Where the conditions are euch that the loaded cars can be run by g'ravitY to
the dump, a good plan i® to have a short incline equipped with an endless
chain, in the empty track. The empty cars can be run to the foot of this,
hoisted by machinery to the top, and thus gain height enough to run them back
to the shaft. or slope, b %mvlty.

At the Philadelphia £ eading Coal and Iron Co.'s Ellangowan Colliery,
where the tipple at the head of the breaker is above the level of the head of the
ghaft, the following plan is used:

The loaded cars are taken off the east side of the cages, and run by gravity to
the foot of an incline, where they are grasped by hooks on an endless chain and
pulled up to the tipple. These hooks grasp one of the axles of the mine car.
After be ng dumped, the car is run back from the ti %]e to the head of the
incline, and is carried to the foot of the empty track of the incline by endless
chain. This foot of the empty track is several feet higher than that of the
loaded track, and the cars are run by gravity around to the west side of the
cages, and are put on from that gide. The empty cars, as they run on the cage,
have momentum enough to start the loaded car off the cage and on toward the
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foot of the incline. There are a number of hooks attached to both the emp
and loaded chain on the incline, and there are often aevenl loaded and se
empty cars on different of the plane at once. This ment
of the hoisting of from 700 to 800 cars per day out of a nhnlt 110 yu&e deep.
with single deck cages.
Another exeellent a at for the handling of eoul on the surface is the
invention of Mr. Romy and has been ‘doxted the H. C Frick Coke
.,and a number of other nent operators. A description of this
ment, as £plid at the H. C. Frick Coke Co.'s Standard 8 is as follows:
The lan of the shaft is made nlighﬂ{hh.ifhetthnn the level of the tipple,
which is north of the shaft. South of the t is located a double steam ram,
one ram being directly inllnewnhthetnckone.ch Directly in front of
therams is a tnnsfer truck, worked east and ‘y w‘lre rope. The loaded car
on the is run by gravity to the tipple, where it is dumped by means of a
nleely balanced dumping As soon as it is empty it ts itself,

runs by gravity ide of the shaft to the transfer truck, which carries
tupa%-u{ewspomt mu{innnewiththeagemthuthe landing, and
one of the steam hes it on the cage, and at the same time starts the

loaded car off toward p‘) This second loaded car is then returned by
thealmemennstotheop te cage. The whole mechanism is operated by one
man, by means of oonvemently:rnngedl e‘chofwhichhtntomltédl
locked.exeeptwhmthepmpetumewmitarﬂvu It is, therefore, im

ble for the topman to work the wrong lever,md put an empty car into the

wrong eompcmnmtoﬂbednft the one man at the there is
bntoneothermn .':.‘lx,.nd his work is solely to look after
the cars when dum, are worked automatically. and the
av hoi at this inttl.henteofthm per minate. The
shaft is about ft. d%nd single deck cages are

The Lehigh & Wilkes- Coal Co. has a system in use at a namber of col-
lieries that has also proven very effectiv this system the cars are

e. In
run by gravity from the cage to the dump, and the empties are haaled from the
dumph;‘::.kto transfer mby.nyu:no(mdh.mpem The trans-
fer truck carriesittoa polni:.oppodntheb.ekonheeqe. The empty car runs

by gravity to the cage, and its momentam starts the loaded car, on the cage, on
its way to the dump. This system neceseilates the em yment of ma'etop
men, nthaverygoodone. At the Nottingham hich is 470 ft. from
landing to landing, from Otolaoanperhommholndmm k cages.
LIGHT.
Velocity of light, 192,000 miles per second, nearly.
SOUND.

Human voice.
Rifie

TO MEASTRE DISTANCES BY SOUND.
—Multiply the time the sound takes in seconds by 1,142; the product
distance in feet.

RuLE.

will be the

Norts. in common sir moves uniformly at the rate of sbout 1,142 ft.
in asecond. Cold and uneven sarfaces its motion & little, and heat
mlw«lthaw

ExaxpLE 1.—I o mma.mmwwmlmm
report. How far was it from me ?

Answer.—30 ¥ 1.142 = 34,280 ft.
ExaurLE 2.—1 obeerved a flash of hgmmngmd after six strokes of my
pulse I heard the thunder, and my pulse kes in & min How

far was the thunder distant from me.
Answer. —1 mile 25573 yards.

‘_‘-
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THE FRICTION OF MINE CARS.

The friction of mine cars varies so much that it is impossible to give a formula
for calculating it in every case. No two mine cars will show the same fric-
tional resistance, when tested with a dynamometer, and therefore nothing but
an ave friction can be dealt with. e construction of the car, the con-
dition of the track and the lubrication are important factors in determining the
amount of friction.

In this connection we may, however, state some of the uisites of good oil
box and journal bearings. Tightness is a prerequisite, and in dry mines where
the dust is very penetrating, this is especially important; the bearings should
be sufficiently broad; the oil box large enougt]ll to hold sufficient oil to run
a month without renewal, and 8o constructed that, while it may be quickly and
easily opened, it will not open by jarring, or by being accidently struck by s
sprag or lump of coal.

There are a number of patented self-oiling wheels that are improvements on
the old style plain wheels, and each of these have undoubtedly some point of
superiority over the old style.

ong the most extensively used of these patent wheels are those with
annular oil chambers and those with patent bushings. Their superiority con-
sists in the fact that, if properly attended to, a well lubricated bearing is
secured segvlth greater regularity and less work than when the old style wheel
was used. :

With a view of adopting & standard wheel, the Susquehanna Coal Co. experi-
mented for a number of years with different styles of self-lubricating wheels.
and has recently adopted one of the following description: The outer end of
the hub is closed, and the wheel is fastened to the axle by a spring cotter-pin,
ﬂuaed through one of two plugged holes which are opposite each other. irt

prevented from entering the open end by a cap with faced end and packinq-
ring, fitting over the end of the hub. The lubricant is introduced into the oil
chamber through one of the pla holes in the hub. When the wheel is in
motion the lubricant is thrown, by centrifugal force, away from the axle, enters
two ports, and is carried, by spiral channels, in into contact with the axle;
the swlns oil being again carried back to the oil chamber. The lubrication is
effected by oil adhering to and being swegt back and forth along the axle in an
ogen zigzag slit, when passing through the ends of the oil channels away from
the oil chamber, where the section and height of the channels are emallest, the
back of the oil channel being conical, with the largest end out, and the radial
height of the channel from the axle decreasing as it recedes from the oil cham-
ber. This style of wheel was the outcome of months of experiments, and
been patented by Mr. J. H. Bowden, the inventor, who is chief engineer of the
company.

Mr. R. Van A. Norris, E.M., Assistant Engincer, made a series of 989 tests
with old style wheels, some of which had patent removable bushings, and
others annular oil chambers, and the Bowden wheel. The old wheels were
found to be practically alike in regard to friction, All of the wheels were of
the loose outside type, 16 ins. in diameter, mounted on 23§ in. steel axles, with
journals 514 in. long. The axles gassed loosely through solid cast boxes, bolted
to the bottom sills of the cars, and were not expected io revolve.

The table of friction tests shows the results obtained with both old and new
style wheels, and is of interest to all colliery managers. inasmuch as the figures
given for the old style wheels alone, are the most complete in existence, and as
stated before t.heg are good averages.

Tests were made on the starting and running friction of each style of wheel,
under the conditions of empty and loaded cars, level and grade track, curves
and tangents, The instruments used were a Pennsylvania Railroad spring
dynamometer, graduated to 8,000 lbs. with a sliding recorder, a hydraulic
gtuge (not recording) reading to 10,000 1bs., graduated to25 lbs.and s sfpo;i.:g

alance, capacity 800 1bs., graduated to 8 1bs. ~All these were tested and
correct previous to the experiments.

Most. of the observations on single cars were made with the 300 Ib. balance.
The two types of “old style»* wheels have been classed together in the table.
Each car was carefully oiled before testing, and several of each type were used,
the results being averages from the number of trials shown in the table.
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In the experiments upon slow start and motion, the cars were started very
glowly by a block and tackle, and the reading was taken at the moment of
starting. They were then kept just moving along the track for a considerable
distance, and the average tractive force was noted—the whole constituting one
experiment. .

he track stlected for these experiments was a perfectly straight and level

. piece of 42 ins. gauge, about 200 ft. long, in rather better condition than the
average mine-track. The cars were 4194 ins. gauge, 814 ft. wheel-base, 10 ft.
lox'i‘g, capacity about 85 cubic ft., with 6 in. topping.

‘0 ascertain the tractive force required at higher speeds, trips of 1, 4 and 20
cars, both empty and loaded, were attached to a mine-locomotive and run about
a mile for each test, the resistance at various l{)oints on the track, where its
curve and grade were known, being noted, and care being taken to run ata
constant speed. Unfortunately, only four of the *‘ new style '’ cars were avail-
able on the tracks where these trials were made.

The remarkable low results for the twenty-car trips are attributed to varia-
tions in the condition of the track, and the fact that the whole train was seldom
pulling directly on the locomotive, the cars moving by jerks,so that correct
ohservations were impracticable. The hydraulic fauge was used for these
twenty-car tests, and the needle showed vibrations from one to four tons and
back. The mean was taken as nearly as possible. The gauge was rather too
quickly seneitive for the work, and the Pennsylvania Railroad dynamometer
was not strong enough to stand the starting jerks and the strain’of accelera-

t.h}f epeed.

he tests marked *‘ rope-haul’’ were made on an empty-car haulage system.
about 500 ft. long, with overhead endless rope running continuously at a s

of 180 ft. per minute, the cars being_attached to the moving rope by a chain, a
ring at the end of which was elipped over a pin on the sidg of the car. The
increase of friction on the heavier grades was due to the rope pulling at a
greater angle across the car. Correction was not made for this angularity at the
time, and the rope has since been re-arranged, so that the correction cannot
now be made.

There were not enough curve-experiments to permit the deduction of any
general formula for the resistance of these cars on curves.

The experiments on grade agree fairly well with those on a level, the rather
higher values obtained being probably due more to the greater effort required
in moving them and the consequent jerkiness of the motion than to uny real
increase in resistance. As the experiments on all styles of wheels were made
in an exactly similar manner, the comparative value of the results is believed to
be nearly correct, the probable error in each set of experiments, as computed by
the method of least equares, varying from about 4% for slow start and motion to
12% for the rapid motion and twenty-car trips. .

INCREASE OF TEMPERATURE IN DEEP MINES.

It has been generally agcepted in the past that in mines the temperature
increased 1° Fuhr. for about ever{ 65 feet of depth. Recent observations, how-
ever, prove that this does not hold good. In a bore hole at Schladebach, Ger-
many, 5,630 ft. deep, the average iIncrease in temperature was found to be 1°
Fahr. for every 107 5 ft. In this bore hole, at & depth of 5,630 ft., almost the
highest temperature observed in the interior of the earth, 134° Fahr., was
recorded. At a depth of from 4,158 to 5,680 ft. the temperature rose one degree
for every 115-24 ft. in depth.
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COLLIERY MACHINERY.

By C. M. Percy, Mem. Inst. Mech. Eng., F. G. 8., Wigan, Eng.

HOW THE ARTICLE CAME TO BE WRITTEN. :

In the early ?art of the present year I .was asked by some friends, who are
directors of a large colliery employing several thousand men and boys, to
establish a School of Mines in connection with the colliery, at which officiale
and workpeople could add to their practical exgerlence some theoretical knowl-
edge. 1 commended and inaugurated the new School of Mines with an address
on Ooaun{ A{achtmerx. T selected that as a subject becauseall my life  have
been closely identified with it, and for a quarter of a century have endeavored
to give instruction in it. That address came under the notice of the publishers
of this book and they wrote me au%eeﬁng an enlargement and rearrangement
for the present parpose. They asked for an article which would explain the
principles of and describe colliery machinery, such as steam engines, pumps, \
air compressors, mechanical ventilators, hauling plant, safety machinery, steam
boilers, etc. etc., prepared in such a way as to be of service to a mining student
o%an experienoe& mining foreman, and at the same time meet the requirements
of a youthor a man who might know nothing of colliery machinery till the
article got into his hands. is suggeetion almost_reminded one of James
Gordon Bennett's cablegram to H. M. Stanley, ‘‘Find Livingstone,” but 1 fear
the result will not be so successful as the termination of that memorable
incident. However, I quite agree that many of our Engineering Treatises are
of no avail to thousands of ple thirsting for knowledge because they are too
learned. I will endeavor to be plain and practical.

1 do not propoee to make any attempt at dealing exhaustively with such a far
reaching subject ; to do so successfully wonld occupy not an article merely, but
a treatise. Many such elaborate and fully illustrated treatises have been written.
and may with advantage be studied. I do propose to deal with the matter ina
popular and easily understood manner so far as space will allow; to try and show
theimportant part it plays and ought to play in mining operations ; and to refer
more or less fully to one or two sections of the subject. i

IMPORTANCE OF MACHINERY IN MINING OPERATIONS.

‘Whatever gkill may be expended in the opening out and the development of
our coal mines, however safe the operations may be, without the powerful aid of
hinery, mining instead of being one of the greatest of our national industries,
provldinf occupation directly for thousands of people, and being the mainstay
of other industries, would be a mere pettifogging means of employment.

We cannot fail to be impressed with the enormous strides which have been
made during the present century. At its commencement we had a few ghallow
pits here and there, the coal was carried or dragged to the pit mouth by women
and children, and on reaching the surface was conveied across the country to
rivers and seas on the backs of mules and ponies. But what do we see now?
Gigantic winding engines, each of hundreds of horse rower, manipulated by one
man with the greatest ease, and raising tons of coal at each journey, with the
speed of an express train ; powerful pumping engines capable of dealing with
seas of water ; hauling machinery connected with all parts of the mine, and
conveying with ease and rapidity the whole of the output from the workin
places to the cage ; ventilating machinery passing through miles of undergronn
workings, enormouns volumes of air, the like of which our forefathers never
dreamt, and which theg would not have believed possible. Upon our pit banks
we_have elaborate and effective appliances for weighing every pound of coal.
and for picking and cleaninE and eeparating into any number of sizes. Taen
with our wonderful network of railways, intersecting and reintersecting the
continent from north to south and east to west, bringing all our cities and towns
and ports and villages into immediate communication, by means of onr marvel-
ous steam horee, we distribute our hundreds of thousands of ‘ons of coal each
day to places far distant, and within a short period of being actually worked in
the mine. No part of the world has shown more progress in coal mining than
America. A couple of generations ago it was a mere infant, now it is well devel-
oped and will ultimately become a herculean industry upon this continent.

e introduce our subject in this way to prove at the outset, if proof be nec-
essary, how important a position machinery occupies in colliery work, and to
draw the moral that all managers and officials and workmen engaged in such work
.shonld know something of the varions classes of colliery machinery and the
principles upon which that machinery operates,
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THE CHIEF MOTIVE POWER I8 STEAM. .

Now, first of all we ask ourselves the question : What is the almost universal
power as now applied to colliery machlnig ? And the answer is—steam. Al-
though we have hemag a %(l)od deal for twenty years, and are hearing
a deal now, to the effect that steam has had its day and must soon
stand aside, we are bold enough to predict that so long as any person now
living continues to live we shall have for coliiery work nothing else so cheap
and efficient as steam. And what is this steam ? George Stephenson, the great
railway pioneer, was not far wide of the mark when he said it was *‘a bucket
of water in a violent state of perspiration.’” Steam is water, which we can see,
converted into an invisible gas, which we cannot see, and the conversion is
effected by the glpplication of heat, which imparts expansive power and elasticity
to the steam. The so called steam which we do see is merely a visible vapor,
something between steam and water. .

WHAT 18 HEAT ?

There is some dificulty in explaining as clearly as we could wish what this
heat is. It is, perhaps, not generally understood that all bodies, whether gases
such as the air we breathe, or ll&ulds such as the water we drink, or the
massive bars and plates of iron and steel of which such structures as the Forth
Bridge are constructed, are all made up of atoms so small that no microsco]
can make them visible. These atoms never touch each other, are constantly
whirling round each other, and are held in combination by the enormous force
of cohesion. Heat at one time was believed to be a substance which surrounded
these atoms. That idea is now abandoned, and the accepted scientific theory
is that beat is motion, more or less rapid, of these atoms round each other.
Sensible heat is heat perceptible to the touch ; latent heat is heatnof sensible to
the touch but absorbed in changing a liquid into a and giving to it elastic

er. One unit of mechanical work is equal to rai ingl;)ne und weight one

oot high. One unit of heat is equal to 772 units of work. One_unit of heat

i;tihe amount of heat required to raise the temperature of water one degree Fahren-
eit.

WHAT I8 COAL?

There the question arises, how do we obtain this heat by which steam is gener-
ated ? and the answer is, bi the burning of coal, a substance in which we are all
specially interested, and the abundunce of which has made England great. But
what is coal, and how was it formed, and whence comes its great heat producin,
power ? Coal is a result of the primeval forests—the forests which exist
t;ﬁ&nﬁ ages ago, and the rays of the sun acting upon ghe trees of those forests

ial the oxyFen which was freed to purify the atmosphere, and the
carbon, which was s mp’ly left. The numerous inundations and convulsions of
early times which foilowed the early solidification of the earth’s surface, covered
these deposits of carbon with earthly matter. And our deposits of coal are
eimply the accumulation of energy derived from the sun. "We now, perhaps
millions of years afterwards, bring this coal to the surface, and uniting it with
oxygen from the atmosphere, the combination taking place at a snmcientl‘y high
temperature, we produce an amount of heat representing the energ which t%e
sun exercised in effecting the separation. One pound of ave%e quality of coal
12,000 units of heat and therefore equals 12,000X772=9,264,000 units

of mechanical work.

THE S8UN THE GREAT SOURCE OF POWER.

We do not sufficiently realize the important influence of the sun u e~
chanical work. We have shown how our coal owes its power to the brilliant
orb of day, but that is not nearly all. All the power of falling water, whether it
be the gentle tributary or the roaring torrents of Niagara, is obtained from the
3ame source. Under the sun’s influence there is a constant evaporation from the
surfaces of our oceans and seas and lakes and this vapor rises into cloudland, and
being condensed comes back in the form of rain. Mountainous districts are
})ecn a.rlcr wet, because the hills and xi%es and mountains form condensing sur-

ace, and 8o give us the torrents of falling water which feed our streams and
brooks and rivers. Then, again, the wind, which may be either the calm and

tle breeze, or the storms and hurricanes which sweep with terrific force over
and and sea, attains all its power from the sun acting upon some portions of
the earth’s surface at times more intensely than upon other parts, the atmos-
phere is heated and rarefied, and passing away to make room for colder air, the
winds are produced,
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HOW TO USBE STEAM TO BEST ADVANTAGE.

We have then arrived at this point—that steam is our principal motive power
in colliery work, and is simply water converted into gas b{ the action
produced in the burning of coal. What we have now to do is to show how that
steam can be used to the best advantage, When we make a calculation of the
power which coal possesses, and comgare it with the useful work which steam
engines exert, we are gtartled to find that probably in the very best engines not
one-tenth of the power is transmitted as useful work, and in some very bad engines
probably not one-hundredth. There are many causes for this, some we can never
remedy, because to do so we should have to work steam down to a temperature
near upon 500° F. below freezing point, which is quite imposeible even approxi-
mately. There are other causes which can be removed, and which ought to be
removed, We want good engines, good boilers, high pressure steam, expan-
sive working, and condensing appliances.

ADVANTAGES OF RIGH PRESSURE SBTEAM.

‘Why should we use high pressure steam ? There are several quite simple and
emphatic reasons. Whatever pressure we have available at the steam boiler a
certain amount is absorbed in overcoming the resistances of the engine and
without doing any useful work. Suppose our available steam Pressn.re 8 20 1bs.,
and 10 1bs. are so absorbed, thatleaves us only one-half ; but if we have 100 l1bs
available it would leave us nine-tenths. igh pressure steam means fewer
boilers and smaller engines, with foundations and houses of less dimensions.

Then again, the amount of work which it i< possible to get out of a given
quantity of steam depends on the difference between the temperature at the com-
mencement of the stroke and the temperature at the end of the stroke.

Now there is a limit as to how low the temperature can be at the end, and as
we raige the commencing temperature we enlarge the available difference.

We may put the udvantages of high pressure steam in this way. By taking a
fixed temperature in the condenser of, say, 100° F., and initial temperatures
when the steam enters the cylinder, of varying amounts, the theoretic efficiency
of that steam can be determined.

Commencing with atmospheric pressure, we have an efficiency of 166 per cent.

Lbe. Per cent. Per cent.
10 e 200 208
20 21 31°1

30 87 822
40 250 339

50 26°1 353
60 270 .86'5
80 ........ 286

. g

When we of 80 many degrees F. or °F we mean 80 many degrees
according to the ther ter of F' heit. Then about this percentage.  We
cap only get in practice with steam a certain Proportion of the theoretic power
and that proportion varies with the pressure of the steam.

In early days we used steam at atmospheric press: the efficiency being 16'6
per _cent.; afterwards we had in compound engines of two cylinders, steam of
60 1bs., the emcienc{ being 27 per cent. Now we have triple expansion engines,
using steam at 150 Ibs., the efficiency being 82'2 per cent. It will be observed
that although the efficiency increases as the steam pressure increases, the amount
of that increase is a diminishing quantity, and it becomes so small at and beyond
150 1bs. pressure that probably any gain in efficiency is not a satisfactory set off
to the additional expense of strengthening the parts of the engine. But then,
how very few of our engines work nearly 8o high as 150 Ibs. presgure ? .

There is no class of steam engine which gives so much work from a given
quantity of coal as the marine engine. We on land are wasteful, and at collieries
especially wasteful, and throw coal under our boilers as if it were valueless ; but
every ton of coal on board ship means a ton of cargo less, and every ton of coal
saved means another ton of cargo carried.

WHY USE 8TEAM EXPANSIVELY?

By this we mean that at a certain point of the stroke we shut off steam supply
from the toiler to the cylinder, and the steam already within the cylinder per-
forms the remainder of the stroke unaided.

Now, suppose we do not expand at all. Suppore we allow free admission of
steam into the cylinder all through the stroke ; we shall have at the end of the
stroke pressure exactly similar to the pressure with which we commenced. Now
we cannot work a seam of coal and still have the coal left ; we cannot get work
out of steam and still have the work ieft in it, and so if our steam pressure is the
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same at the end of the stroke as at the beginning, we simply discharge twice in
each revolution a whole cylinder full of steam which has done no work at all,
and waste it just the same as if we had discharged it from the boiler without
pasein throglgh the engine at all. But some one will say, work has been done
upon the enmine whilst that steam was in the cylinder. True—quite true, and
the explanation is that, whilst the steam is performing work its heat and pressure
must diminish, and 8o long as the communication with the boller is open, fresh
heat comes from the boiler into the cylinder to take its place, and at the end of the
stroke we have expended heat rep d by the ity of two crllnders, and
have performed work as rep d by the capacity of one cylinder. Now,
suppose we close the communication, and beyond a certain point of the stroke
allow no more steam to enter, we Lget an amount of work from the steam already
in the cylinder, represented \7y e hing pressure of the steam by ex-
paasion,

WHY USE CONDENSING APPLIANCES
m: have said that condensing appliances are necessary ; what do we mean by

The effective power of an engine does not depend upon, and is not measured
by the pressure pushing the piston. We have always what we term a back
gmenre holding the piston back, and the real effective pressure is evidently the

ifference between the two. Sngpose we have a locomotive engine, or a winding
engine, throwing exhaust into the open air. The back pressure cannot be less
than the pressure of the open air, and indeed to overcome it, it must be some-
thing more. But if we can discharge our exhaust into some vessel, from which
atmospheric pressure and all other pressure has been removed, we know that
atmospheric pressure amounts to about 15 1b., and the removal of that from the
front of the piston is as good as adding 15 1b. behind.

In this matter of condensing appliances, we have at collieries progressed back-

I do not know of any very modern winding engines, utilizing the bene-
fits of & vacuum, and am free to.confess that the cambersome mec sm which
coustitutes the condenaing element in the older class of engines would be un-
suitable, and further that the Incmin}ly high pressure and high speed, together
with low ratio of expansion, are not favorable to effective condensation. But
greater difficulties than these have been overcome, and the object to be accom- .

lished is so important that all these dificulties ough¢ to be overcome, and twill
overcome.
WHAT I8 A GOOD STEAM BOILER?

The colliery boiler, which finds much favor, and of which I have a very high
opinion, is the Lancashire boiler. I mean the class of boiler which is 28 or 30
feet long and 7 or 8 feet diameter and has two large flues running through.
There is no doubt that the marine type will generate more steam with a given
amount of coal, and consequently is zu?;ing ground and will gain ground where
coal is dear. But the Lancashire boiler is a good steam generator, and will not
only work longer without repairs, but is less troublesome and expensive to
re] . The favorite construction some few years ago was wrought iron
with double riveted horizontal joints, and Galloway tubes, [Galloway tubes
are shnpli taper tubes running acroes the flues in the boiler] and expansion
weldless hoops strengthening the flues and allowing for expansion and con-
traction. The dimensions were 7 ft. diameter, and from 28 to 30 ft.long,
with internal flues each £ ft. 9 in. diameter, the circular plates being about
in., and the end platcs about ? in. The safe working pressure was about
o Ib. per square inch. Now the conditions are somewhat altered. Steel has
taken the place of iron, giving 1ncreased strength, and allowed increased di-
ameter and increaged pressure. Ring plates also have abolished a great source of
weakness in a boiler, namely, horizontal riveted joints. [By ring plates I do not
mean jointless rings but rings with only one butt joint with planed es.]
Expansion hoops upon the flues remain as before, and Galloway tubes ; these
latter increase the heating surface, improve the circulation, and compel the
heated to act more npon the plates of the flues. A good Lancashire boiler
now wi 8 ft. i ter, and 30 ft. long, with ring plates % in. thick.
Ent‘ll plates probably 34 in., and will

work very well at 120 1b. pressure per
' In the matter of calculations as to horse power of steam botl
Been to me a cause of considerable difficulty. My friend,
Fetcher, an eminent authority and long identified in good worl
chester, England, Steam Users’ Asgociation, eaid a Lancashire
M ft. by 7 ft. was capable of generating steam for 200 horse
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Many of my friends consider that in quoting this I was accepting an over
estimate. Another equally eniment authority upon steam boilers says we ought
to reckon the horse power of a boiler by the quantity of water it will evaporate. -
With a moderate good engine half.a cubic foot of water, or about 30 1b., will de-
velop one indicated horse power per hour. With internally fixed boilers having
the proportion between heating surface and %l:te area between the limits of 10
and 16 to 1, the evaporative capacity may taken at 1 cubic foot, from 18
square feet of heating surface, or 9 equare feet of heating surface per horse
power. Well, now, a Lancashire boiler such as Mr. Lavington Fletcher de-
scribed, would not have more than 900 square feet of heating surface. aud,
according to this rule, would only be equal to 100 horse power. A modern
Lancashire boiler such as I have described will scarcely have more than 1,000
equare feet of heating surface, although measuring 80 ft. by 8 ft., and, according
to Mr. Wilson’s rule, [Robert Wilson on Steam Boilers] would not be equal to
more than 111 horse power, being an increase of 11 per cent. in horse power,
and probably 80 per cent. in capacity. In another rule Mr. Wilson takes for
Lancashire bollers 7 square feet of heating surface per horse power, instead of 9,
and so increases our figures to 130 and about 142. But.I see an announcement b
an eminent firm, who are no novices at boiler engineering, that three of their boil-
ers, measuring each 30 ft. by 7 ft., are actually driving near upon 1,600 horse
power, say, 500 each. Now, in the face of such contradictory statements as
these and all from deservedly high authorities, who is to step inand decide ¢ It
does appear to me that if we compare Mr. Lavington Fletcher’s estimate of 200
horse power for boilers workinF 60 1b., and measuring 28 ft. by 7 ft, with the
statement of fact that each boiler, measuring 80 ft. by 8 ft., and working at, I
suppose, about 120 1b., is actually worki§ over 500 horse power, we shall finda
similarity, and would be led to accept Mr. Lavington Fletcher’s estimate, and
increase the horse power of Lancashire boilers on that estimate as the pressure
increases, and also as the capacity increases. I cannot venture to suggest a
hard and fast rule, but the above conclusion is at least as likely to be correct as
the so called rules we have quoted. .

‘We must always remember in dealing with the horse power of boilers that the
power of engine, which they will drive depends upon the . A good steam
engine at high p , working compound, that is using the same steam suc-
cesaively in more than one cylinder, and condensing, and expansively discharg
ing steam at & very low pressnre, will generate very much more power with the
same amount of steam, than an ordinary colliery engine which discharges its
steam at a high pressure. A really good steam boiler will evaporate 10 pounds of
water into steam with one pound of coal, and a good engine will generate con-
tinuously one horse power for an hour with 20 pounds of steam. boiler
measuring 28 ft. long and 7 ft. diameter will evaporate 6,000 pou. of water
in an hour and %“l 800 horse power in a really good engine. A
boiler measuring 30 ft. long and 8 ft. diameter will evaporate 8,000 pounds of
water in an hour and equal 400 horse power.

The equipment of a good Lancashire boiler may be taken as follows :—To be
fixed absolutely level on a seating of which nothing but firebrick or fireclay
shall come in contact with plates ; flues go arranged that no heated gases can
operate above water line-; gases to guss through the internal flues, then return
under the boiler, then split along both sides of boiler and pass to chimney.
Firegrates and firedoors with adjustable air grids, feed valve and feed pipe to
prevent water leaking out of boiler and admit only hot water asspray, injectin;
upwards from horizontal pipe a little below water line. Steam junction an
horizontal steam pipe hizh up in the boiler and pipe having no perforations
except on upper side. Two safety valves—one dead weight, and one low-wat-
er ; two water-gauge glasses, one steam-gauge, one scum tap and pipe; onme
blow-off tap, two manholes ; expansion rings in the internal flues to allow for
expansion and contraction. The needful amyers and covering to boiler ex-
ternally, I have practically no faith in boiler compositions; where they
benefit the boiler I believe that they injure the cylinder and the valves. Every
steam boiler should be cleaned as often as the accumulation of dirt may prove
to be necessary, and all internal ecurf and scale carefully removed.

The advantages of high-pressure steam are not yet sufficiently appreciated.
It is not merely the difference between 60 1b. and 120 Ib. Suppose we use
steamat 60 1b. ; probably we shall get 50 1b. at engine, and resistances of en-
gine will absorb 10 Ib. leaving 40 1b, Now sup, we use 120 1b., we can
?; engine il lgt I:B,Ha)nd if resistances of engine absorb 10 1b., we shall have 100

. a8 again .

How do we arrive at safe working strength of a Lancashire boiler with ring
seams and steel plates ?
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We assume a ring one inchlong. Good boiler-plate steel should have tenstle

strength of at least 30 tons=67,200 1b. per square inch + 6 for safe workin,
h=11,200 1b, Then anrpoee plates § In, thick—11,200 X § X 2 = 14,

+96 in. the diameter of boiler=near upon 146 1b. per square inch safe work-
ing pressure when new. If there were no ring plates and the horizontal seams
were double-riveted we should dedact one-fourth, making safe waorking pres-
sure 108 Ib. We always calculate the strength of a boiler in the direction of
its diameter because, theoretically, a boiler is twice as strong in the direction
of length as direction of diameter. Many causes may bring about boiler ex-

logions. First, bad materials ; second, bad workmanship ; third, bad water,
which eats away the glates by {nternal corrosion ; fourth, water lying n?on
plates, bringing about external corrosion ; fifth, over-pressure ; sixth, safety
valves sticking ; seventh, water getting too low : eighth, excessive firing ; ninth,
hot gases acting on plates above water level ; tenth, choking of fecd pipes ;
eleventh, insufficient provision for expansion and contraction ; twelfth, in-
sufficient steam room and too sudden a withdrawal of a large quantity of
steam ;. thirteenth, getting up steam, or knocking off a boiler too suddenly;
fourteenth, allowing wet ashes to lic in contact with plates. The probable
cauges rquest their several remedies. 3

Before leaving the subject of the steam boiler, I would wish to say that
wherever possible, and except under certain circumstances to be afterwards
mentioned, steam enﬂl:es should not be placed in the mine, and certainly
steam boilers should be in all cases placed upon the surface. Steam injures the
ventilation, increasing the temperature where already too high, doing injury
and causing inconvehience by condensation, and many firee in mines have
been caused by underground boilers.

WHAT I8 A 600D STEAM ENGINE ?

It shonld be as direct-actinias possible ; that is, the connecting parts be-
tween the piston and the crank shaft should be few in number, as each .
wastee some power. Formerly beam engines were all the rage. They were
well enot:lgh n their time for pumping, when the pump was at one end of the
beam and the piston at the other, and 8o our early steam engines were all
beam engines. There is a story told of an eminent Japanese who was resident
for some time in England, and who was desirous of marrying an Englishwoman.
He was on friendly terme with an Enghsh nobleman, to  whom he pat the
qaestion one day, * How did you obtain Lady ——'s consent to your
wife ?** ¢ Well,” said my lord, ** do you know that I proposed and was accept-
ed ander an umbrella " Our Japanesefriend jumped to the conclusion that
the umbreila was a necessary part of the proceeding, and not long afterwards,
meeting the mistress of his heart in the entrance hali of another acquaintance,
hesnatched an umbrella from the stand, raised it over the astonished fair
one’s head, and popped the question. Let us hope he was successful. Early
steam engine makers considered beams as essential in engines as the Japanese
thought umbrellas were in offers in marriage ; and, as a matter of fact, the one
is about as essential as the other, and now both are usually dispensed with.,
Few of our modern colliery engines have such an appendage, except in some
instances for pumping, and even for that kind of work there are befter engines
without beams than with. The moving parts of an engine should be strong to
regist strains, and light, so as to offer no undue resistance to motion, parts
moving uponeach otaer ehould be well and truly and smoothl{ finished to rednce
resistanc. s to 8 minimum, the steam should get into the cylinder easily at the
R,ropcr time, and the exhaust should leave the cylinder as exactly and as easily,
he steam pipes supplying steam should have an area one-tenth the combined
arcas of the cylinders they supply, and exhaust pipes shounld be somewhat
larger. Thecylinder and the steam pipes and the boiler should be well pro-
tec The engine should be capable of being started and stopped and reversed
easily and quickly. Thecrank and connecting rod is a beautifully simple
mechanism, generally applied to engines. It converts straight line motion
into circular motion ; it exactly determines the length of the stroke ; it effects
an easy reversal of the movement of the piston twice in_each revolution. The
fly-wheel works with the crank and connecting rod, and is a needful adjunct.
hen a crank 18 on what we term dead-centre twice in each revolution it pos-
sesses no turning powerat all, and when it is on mid-centre twice in each rev-
olution it possesses full turning power. The result would be a rush and a jerk
over mid-centre and a sticking on dead-centre. The fly-wheel comes to the
rescue, and whilst it can add no power to an engine it can equalize that pow-
er, taking somc up when excessive, and giving it back when deficient, thus %r'y-
ducing & uniform amount of turning power all though the revolution. We
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may liken its action to a banking account. A man sometimes has more money
on hand than he wants ; he is then on mid-centre, and puts the surplus power
in the bank. Then he gets on dead-centre, and wants a little turning power
to help him over, and he draws it from the bank.

THE BTEAM ENGINE.

To find the indicated horse power of a steam engine.—H. P. = T'wice the
area of the piston in square inches, muitiplied by the average pressure of steam
per square inch in cylinder, multiplied by the number of revolutions per min-
ute, multiplied by the lengtil of stroke in feet, and the product divided by 88,000.

TABLE OF STEAM USED EXPANSIVBLY.

Initial Average Pressure of Steam in Ibs. per sq. in. for the whole stroke.’
m;’?ﬁ" Portion of stroke at which steam 18 cut off.
8q. [
% | % % % % %
5 48 46 42 87 29
10 96 91 84 74 59 88
15 14°4 187 127 111 89 57
20 19°2 183 16°9 148 11°9 76
25 A1 29 -1 185 149 9°5
30 289 205 254 22 17°9 115
35 33'8 1 20°6 259 20°8 18°4
40 875 367 33'8 206 288 154
45 434 41°3 381 333 28°8 17°8
50 48°2 459 42°8 870 208 19-3
60 57'8 551 50°7 45 857 281
70 67°4 648 592 524 417 B9 -
80 1 785 677 59°8 477 808
90 867 826 6°1 66°7 536 346 .
100 96°8 918 84°6 74°1 596 384 -
110 106°0 1010 93°1 815 656 42°5 .
120 1162 110°2 1015 894 mns 46°1
1380 125°4 119°1 110°0 95°8 w5 50°0
140 1349 1286 118'5 108°8 838 53-8
150 1447 137 126°4 111°2 894 577
160 153°6 147°0 135°4 118°2 954 615 .
180 178°7 164°6 1528 132°9 107-8 63
200 1927 1837 169°8 1488 119°3 769

‘Let A = Area of piston in square inches.

* D = Diameter of piston in inches.

¢ P = Average pressure of steam in 1bs. per #q. in. in cylinder.
- % 8 = Length of stroke in feet.

¢ R = Number of revolutions per minute.

2APRS
83,000
ExawrLE.—Find the indicated horse power of an engine having a 10in.

‘cylinder, 3 ft. stroke, steam cut off at 34, running at a speed of 100 revolutions
per minute, inlt.m pressure or pressure at steam gauge being 45 s, In this

“Then, Indicated H. P. =

case
A = 78'54 8q. in., or area of circle 10 diam.
P =484
R = 100
8 =8
L X 7854 X 484 X 100 X
Then =00 = indicated horse power.

9 X 7854 X 48'4 X 100 X 8 = 2,048,161'62
2,045,181°62 -+ 88,000 = 62 — H. P.

This is approximately correct for high pressure engines,

T'he actual horse power will be from 5% to 16% less than this.
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The only way in which the absolutely oorrect horse power of an engine can be
obtained is by the use of a dynamometer. For practical work, however, the
above is close enough. .

“Nominal horse power™ Is fast becoming an obsolete expression. It

resses no definite size. To describean engine, give the diameter of cylinder
length of stroke. .

AIR-COMPRESSING ENGINES.

The question of compressed air arises, and had better be dealt with at once.
In what we may consider its most modern and best arrangement, an air-com-
pressing engine is & horizontal steam engine, with the piston rod rrolonged
backwards and an air cylinder placed behind the steam tylinder, with an air
piston on the steam cylinder piston rod. The air cylinder has at each end injet
valves to admit air from the atmosphere, and outlet valves to allow air when
compresged to pass from the air cylinder into the receiver. The actual cor-
pression of air is very simple ; the inlet valves behind the glston open immediately
the pirton commences to move, and fills, or allows to be fijjed, the air cylinder
with air at atmospheric pressure, say, 15 1b. per square inch1n terms of absolute
pressure. U?on the return stroke of the piston the inlet valves in front, close,
and as the air within the cylinder cannot get away, the advancing piston com-
presses it until the required pressure is reached, when the outlet valves open
and the comprerged afr paeses into the receiver, to be afterwards conveyed in

yiﬁes as may retiluired.

xperience has shown that probably the most suitable pressure of compressed
air for collierwurpoees is 45 1b. per square inch ordinary, or in terms of abso-
late pressure, 60 Ib, Now, if we could get as much power out of comgressed
air as is exerted in compressing it (miénus, of course, resistances of machinery,
&c.), we should have ready to our hands a safe and eflicient means of trans-
mming power. But we cannot—at any rate, we do not. Why ? In compressing |
air we generate and liberate heat—so much so thatthe air cylinder, if not sur-
rounded with water, would become red-hot. The water absorbs some of the liber-
ated heat, and heat being work, all heat thus absorbed i8 power lost. Then,
again, this liberated heat acts upon the air which is being compressed, and has
such an influence that air which, at the end of the piston stroke, in its com-
pressed state should be, say, 2 cubic feet, is actually, at 60 1b. abeolute press-
ure, 8 cubic feet, which, however, on passing to receiver, becomes only 2 cubic
feet. We have exerted power to compress 8 cubic feet and have only power in
2cabic feet ; and we have all the loss as represented by heat absorbed in water
surrounding the cylinder. These are enormous losses, practical remedies for
which have yet to be discovered. The principal remedies suggested so far are,
first cold water gpray, playing upon the air within the air cylinder during com-
pression ; #econd, a wash of cold water on each side of the air piston. These
are remedies in 80 faras they prevent the liberated and generated heat expanding
the air, but they do not prevent the loss of the heat which they absorb. When
we hear or read the term absolute temperature, it means ordinary temperature
plus 460 because absolute zero is 460° F. below ordinary zero. Absolute press-
ure means ordinary pressitre plus the atmosphere or 15 pounds.

However expensive, there are cases in which compressed air isinvaluable, and
the following. points are worthy of attention. Air-compressing engines shounld
work in couples at right angles ; stroke not less than twice the diameter of air
ginder; maxijmum pressure 60to 70 1b. persquareinch absolute; speed of piston,

ft. per minute; inlet and outlet valves which open and close easily and
quickly and correct]! ; receiver capacity the larger the better, close to air-com-
pressing engines, and a minimum of ten times the capacity of air cylinder ; means
at bottom of ever{ receiver to allow dischar%e of water ; large ang short exhaust
!muges in working cylinders to allow free discharge and prevent choking with
Ice ; capacious pipes. These latter are very important, because friction of air
increases as_the square of the velocity and the efficiency of compressed air in
and pipes is almost inversely as diameter. The clearance capacity at
ends of air cylinder should be reduced to a miuimum. Air-compressors should
have a sufficiently powerful, that is, massive, fly-wheel.
readers will have observed that whereas, at the alr cylinder, when com-
resgion is ‘performed, the cylinder becomes very }lot. and the water surrounding
t will boil ; at the hauling and pumping engine where the compressed air is
used, ice and snow will be formed. The one phenomenon explains the other.
ymirive ont it.he heat byttiot&p:ﬁsaim{n in tsffgrm, anc% n the other case
uring expansion, we want it , BN t it, our temperature
will fall even below freezing point, e &
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An important point where compressed air is used should not be overlooked—
that even in its conveyance the efficiency is diminished practically as the di-
ameter is diminished, which means, of course, that our pipes should be as large
as conveniently practicable, with commodious receivers adjoining the air-com-
pressors, and each engine driven by compressed air.

‘We can all easily understand that in a iong range of fpipesi especially if small
there is a very great amount of friction, el%ecially if, as it must do in small
pipes, the air travels very quickly. But with plenty of power at the air-com-

ressinﬁ enlginea and good s&zed pipes go that the air does not need to_ travel
very quickly we can retain a g pressure. There were pipes in the Mouant
Cenis Tunnel over a mile long and 73§ inches diameter and the pressure only
fell from 85 to 82 pounds.

PUMPING MACHINERY.

‘We are not ali agreed as to whether our forefathers were right with regard to
Cornish pumping engines, or whether our more modern engineers are correct
in applying so extengively the underground steam pump. No doubt for deal-
ing with very greatWuantities of water, and without fear of drowning the
pump, the Cornish arrangement, with massive beam, answers well enough, but
in our opinion, it is at best a cumbersome struct requiring massive founda-
tions, occupies an inconvenient position, and is liable to serious mishaps. A
much more effective form of pumping engine, even to be placed upon the sur-
face, is the compound condenslnf differential engine of Davey, which does not
stand towering above the pit shaft, does not require massive foundations, has a
double ranf of pnmgearods with pump attached to each, exercising double
action, and having a utiful valve arrangement, which, should the pamp
make a mis-stroke, and the engive thereby incline to run away, reverses the
enﬁlne and puts the steam in front until the engine resumes its normal s;

This pumping engine can either be placed upon the surface and connected with
- thep by of long ranges of rods, or it can be placed underground,

and so dispense with rods. An underground pumping engine of similar di-

menesions will do more work than a pumping engine placed upon the surface. +I

would like to try and make plain here what is meant by the term suction, on
which all pumps so much depend. For many centuries before the Christian
era pumps were used, although probably those who used them did not know

why water rose toa pump. They sald it was because nature abhorred a

vacuum. But why did nature abhor a vacuum ?

In the middle ages Torricelli, an eminent Italian philoso?her, and pupil of a
still more eminent philosopher, Galileo, was consulted about a pump in one of the
royal ens, to which the water refused to rise. Torricelli found that the
height from the water to the pump was greater than in any previous case, and
the idea occurred to him that nature’s abhorrence to a vacuum simply meant the
pressure of the atmosphere caused by the weight of the ocean of air surround-
ing the earth. If that were 8o, the height to which water or any other liquid
would rise under the influence of that pressure would be less upon the top of
a mountain than at the foot, because as we ascend the height, the weight of
alr above us becomes less. Torricelli constructed the barometer and made his
experiments, and to his delight found that the mercury in the barometer stood

higher at the foot of the mountain than at the top, showing that the sole in- -

fluence under which water rose to a pump was atmospheric pressure, and the
height to which it would rise was directly as the amount of that eé)ressnre. He
lowered the pnm&:n the well of the Royal gardens, and it worked all rizht.

‘What we now
the earth isabout 15 1b, per square inch—that is, the same pressure as a vertical
column of water 34 ft. high—and if we could exhaust all the air from a long
range of ‘]);ges. water under atmospheric pressure would rise in the pipes to a
height of 84 ft.

e place our pump in a certain position, and the suction pipes dip down
into the water. We pump the air out of these pipes, and the water rises ; not
to a height of 34 ft., use whatever we do we cannot get all the air out, but
the water rises somethingless than 84 ft. In practice it is well o to fix our pump
that the maximun height of suction will not exceed 21 ft., and the nearer the
pump {8 to the water, the better it will work.

‘Whilst generally against steam in mines, I am very partial to steam pumPe at
the bottom of shafts, and my idea of a good pumping plant is & pair of direct
double-acting vertical or horizontal engines supplied with condensers and hav-
ix{Fa fly-wheel motion. Long pump rods are dispensed with and a compar-
afvely l:mall pumping arrangement, occupying little space, can do a great
of work.

ow is that the pressure of the atmosphere at the surface of |
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Suppose we had a pair of such pumping engines with 20 in. cylinders and 10
fn. pumps, ﬂmnmi 200 ft. a minute, and having available ave: effective
steam pressure, with or without vacuum, of 50 1b. Per square inch. How much
water would they raise per hour, and to what vertical height ?

First, as to quantity. The area of 10 in. diameter, 10 X 10 X ‘7854 = 78}

uare Inches. e take 276 cubic inches of water as representing one gallon.

X 12 = 942 cubic inches in each foot of pump X 200 = 188, cubic inches

minute X 60 = 11,804,000 cubic inches in an hour + 276 = 40,956 gallons an
gte)rur—b r cent. for slip of pumP, leaves 38,908 gallons for each pump X 2 =
77,816 gallons an hour for the pair.

beeondly. a8 to height. 'We take 151b. per uinm inch as equal to 34 ft. ver-
tical of water column. The piston is 20 in. diameter = 20 X 20 X 7854 = 814
square inches area. The average effective pressure of steam is 501b. 314 X 50
= 15,700 Ib. total pressure upon piston, and consequently upon pump. Now
this total pressure, 15,700 + area of pump, 78} = 200 1b. per square inch upon
the purzp Then, X 84 = 6,800+ 15 = 453 ft., the theoretic vertical height,
from which in fm:tice we shall do well to deduct one-third for resistances,
. lift and 77,816 gallons of water per hour.

Now letusr the probl and p d. Suppose we want to raise
50,000 gallons of water in an hour from a vertical depth of 600 ft. with a
pair of direct double-acting steam pnm&a with available aver: steam press-
ure effective of 40 lb. per square inch, the pumps to work 200 ft. per ute, -
find size of pumps and of pistons.

First, the gize of pum) 50,000 gallons an hour X 276 = 13,800,000 cubic
inches, + 60 = 230,000 cubic inches per minute, + 200 = 1,150 cubic inches per
foot of pump, + 12 = 96 equare inches area of both pumps -+ 2 = 48 square
inches area ofeach. And the square root of (48 + '7854) = 7, say 8 in. diameter
of pump. This assumption of 8 in. will e an allowance for slip of g{,:mp.

Secondly, as to size of piston. The area of 8 in diameter is 50-285. hat is

the pressure zg)er square inch of 600 ft. vertical water column ? 600 X 15 =
9,000 +- 34 =264 Ib. persquareinch X 50-265=13.270 1b. total pressure on pump.
The average effective pressure of steam is 40 1b. per square inch. Therefore
13,270 +40 = 832 square inches theoretic air of &i’wn' to which in practice we
ehould add one-half for resistances. 332 -- 166 = 498 square inches area of
piston. The square root of (498 + ‘7854) = in. diameter of each piston and
8in. diameter of each pump. It will be observed that having ascertained the
theoretic pow er to do a given amount of work we add one-half for resistances,
whereas when we determine the amount of work which an engine of given
dimeneions will perform we deduct one-third from its theoretic power. This
is quite rightand is explained very simply. Two plus one-half is three, and
three minus one-third is two. Wherever we speak of average effective pressure
of rteam we mean that we deduct the average back or exhaust pressure from
the average steam or forward pressure. We may roughly take the average
fltll‘ecthg pressure as two-thirds of the pressure shown upon the gange close to
€ engiue.

Either one of a pair of pumping engines should be equal, detached, to all the
work to be done, and there should be lodge room for all the water that will be
made in a week.  The pump speed should not exceed 200 ft. per minute.

Pipes should be at least as large as the pump. Pipes are near}v always made
tco thick. They ehould be cast vertically so as to produce uniform thickness
and if 8o & pipe 12 in, diameter and # in. thick will safely work at a pressure of
+43 Ib. per square inch, being equal to 530 ft. of vertical water-column. Pipes
dccrease in strength as diameter increases, and the strength increases with the
thickness. Some allowance will have to be made for stability of pipe and
wear and tear, otherwise for low pressures our rule would only provide a very
fragile structure.

Air vessels at the bottom of delivery pipes are of much service for brﬁnklng
the shock and forming an air-cushion on the reversal of stroke, empecially in
ringle-acting umJys. When the suction )Jipea run inclined or horizontal for
un; considerable distance, air vessels are found effective upon suction ranges.

ump valves ere of many kinds ; in open lifts in pit-shafts we use frequently
“flap” or ‘‘hinge” or * butterfly "* clacks. They answer fairly well for
water not clean, and are easily renewed. For low lifts and moderate lifts we
can use with advantage india-rnbber * disc valves. For small pumps we
generally have *‘singlebeat  valves, similar to those in use for safety valves
of the lever type. e best valve is the Cornish valve or ‘ double beat'’ or
“equilibrium  valve, which opens easily and for a small lift affords a consider-
ableopening. The pumps themselves may be either buckets, with clacks within
them, solid rams or plungers, or pistons,
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The exhaust steam from pumps in mines may be, and is, very effectually
prevented being a nuisance by being turned into the suction pipes. For effective
condensation we require from 25 to 30 pounds of condensing water for each
pound of exhaust. .

It may be useful in calculations as to pumps and pipes to mention the quan-
tity of water in a lineal foot of pipes of different sizes, and the quantity of
water which pumps of those sizes will deliver per lineal foot.

Gallons.
1inch diameter...... . . 0084 ' 9 inches diameter.........
2 s 0136 10 G .
3 “ 030 11 “
4 “ 054 12 w“
5 s 085 |15 “
6 " 128 ;13 .
7 ¢ 167 {21 “ ..
8 ‘ 218 24 “ L.

Perhaps it will be no work to put these figures approximately, also in more
easily understood form :

;ln“ch, ,lo?‘ragall‘?n. lg lnct‘z‘es,gﬁ ga.llgna. . ] ;‘;
‘" “ “" . " -t
I S nowose o Y
5 [ g s “ 15 " m ‘" i -
6 ‘** 134 gallons. 18 ¢ 11 “ !
7w 21 15 « ‘

8 “ 2& g 24 ‘e 20 “

10 pounds of water equals 1 gallon.

276 cubic inches of water equals 1 gallon.
1 cubic foot of water equals 614 gallons,

1 cubic foot of water weighs 6234 pounds.

I
1 cubic inch of water at atmospheric pressure will evaporate into 1,644 cubic

inches of steam at the same pressure.

The rule is, area of pipe or pump in square inches X 12 and + 276 = gallons
of water per lineal foot. A deduction of 5 per cent. should be made for slip of

pump.
THE SIPHON.

In close alliance with the pumg is the siphon, which is an nprliance needing

no mechanical power, and which cannot raise water from a

}alace it permanently upon a higher level, but can remove water from a higher
evel 1o a lower level, and pass it in transit ovel&lgyound higher than either.

at is In its simplest form a bent tube with legs of different length and looking
lown.

We cannot here deal with the Eﬂnclple of the sl&hon [except to say that the
same atmospheric pressure which forces water up the suction pipe of a pump,
forces water up the shorter leg of the siphon]; we can with its application.
The level of delivery must be lower than level of entr{. The highest point
of siphon must not in theory reach 34 ft. above level of feed; in practice g?n‘
is a good deal, and the less the vertical height the better it will work. The
sighon should be as free from bends and crooks and turns as possible,
otherwise air will lodge. . The pipes and joints must be tight. There must be
a branch at the highest point to allow exit of air, and for charging with water.
There should be a tap at delivery end and a self-acting clack at the feed end.

Now, as to flow of water (rom a siphon, theoretically, I assume in practice
the maximum effective height to which water will rise in a siphon to ge 21 ft.
That determines the maximum effective fall, from which we can calculate tte
theoretic outflow of water. The effective fall will always be the vertical depth
of delivery below the feed, provided that the depth and the vertical height,
highest point of siphon above the feed, do not exceed 21 feet. When they do,
the effeotive fall will be the difference between vertical he.lﬁht of the highest
point above the feed and 21 feet. Having the effective fall, the velocity and
q