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o4 THE CHEMICAL INVESTIGATION OF MINE AIR.

the bottom with an aperture which can be cloged with an india-
rubber cork, and through which the sticks of phosphorus ean be
introduced. When the vessel has been filled with these under
water, a cork is pushed in beyond the point where the connecting
tube from a is attached. The cork is provided with lateral
grooves which allow the passage
of the confining water, but pre-
vent any pieces of the phosphorus
from passing over with it (in the
figure this cork is covered by the
metal clamp).

If the absorbent liquids used
are affected by the oxygen of the
atmosphere, as is the case with
pyrogallic acid, for instance, the
compound pipette (fig. 6) is em-
ployed ; this is a simple pipette,
such as a, fig 5, to which a

—-. second pair of bulbs ¢ and d have
==& been added ; these serve to hold
= water as a confining liquid. For

the purpose of filling the pipette

a glass tube is fixed in at the
lowest part of the piece connecting a and b, and this is closed by
a piece of india-rubber tube and a stopper. When the apparatus
has to be filled, the stopper is taken out, and into the india-rubber
tube is slipped a bent glass tube ending in a funnel. The funnel
is lifted high up and the liquid poured through it ; from time to
time the capillary tube is sucked until the bulb a is filled. Then,
while squeezing the end of the india-rubber tube with the thumb
and forefinger, the filling arrangement is removed and the glass
stopper put back. The next thing is to blow down the capillary -
tube and drive the absorbent almost completely over into & ; then
pour the confining water into d, and bring back the absorbent into
@ by sucking as already explained.

Manipulation of the Hempel Burette.—The first thing to do is
to measure off a definite volume of the sample which has to be
tested. If, for instance, the amount of oxygen in our atmosphere
has to be determined, the method of procedure is as follows :—

The two india-rubber tubes at the foot of the upright glass
tubes (A and B, fig. 3) are connected, and water is poured into the
levelling tube until it is more than half full. Then the levelling
tube is lifted and the measuring tube is completely filled with
water until it escapes from the india-rubber tube at the top ;

ad e
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Fia. 5.—Phosphorus Pipette.
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a collecting cylinder, the latter must first be prepared for the
purpose. The plain corks are exchanged under water for india-
rubber corks each bored and provided with a piece of glass tube
bent at a right angle and carrying a piece of india-rubber tubing
and a screw pincheock, On first opening the eylinder under
water, gas escapes in consequence of its excess of pressure, If
there is an excess of pressure, this is a proof that the eylinder
was tightly closed. If no gas escapes, the sample should be
discarded as untrustworthy. After having been thus
prepared, the collecting cylinder is hung on to the
stand, fig. 8, and the pipe of the lower neck is con-
nected by a long piece of india-rubber tube to a
reservoir of water, fixed about 1 metre above the
laboratory table, A similar long piece of thin india-
rubber tube is then attached to the upper neck of
the cylinder. The lower pinchcock is now opened
completely, the pressure water runs in, and if the
pincheock is open the sample escapes. A little gas
is allowed to escape, in order to drive the air out of
the tube, and this is now connected by a piece of
bent tube with the capillary tube of the measuring
burette, which is full of water. The levelling tube
is now placed on the ground, and on opening the pinchcock the
gas flows into the burette. It is measured off in the manner
already explained.

In order to determine the amount of oxygen in the sample, the
gas pipette is placed upon a little wooden stand just high enough
to bring the end of the capillary tube of the burette on a level
with that of the pipette, the pinchecock is put upon the india-
rubber tube, and then the glass stopper which closes it is
removed, and likewise the cork. The operator first satisfies him-
self that the thread of liquid in the pipette has been properly set,
and then connects the measuring tube and the absorption vessel
by a piece of M-shaped glass capillary tube. The pincheock of
the burette is then placed upon the glass connecting tube, the
levelling tube is lifted high with the left hand, and with the
right the pincheock of the pipette is opened, allowing the gas to
pass over into it (fig. 9). When the measuring tube is filled with
water right up to the capillary, both pinchcocks are closed, the
connecting capillary tube is removed, and by gentle shaking the
gas is brought into close contact with the absorbent.! As soon
as the absorption is complete, which is usually the case after two
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Meniscus,

! When (Phnsphnrus. is used as the absorbent, this is not necessary ; the
burette an

the pipette can be left connected with each other.
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upper end is shut off by a three-way tap from the M-shaped
piece of capillary tube which leads to the absorption vessel,
This tap, in addition to the ordinary straight hole through it,
has a curved passage which leads from the eud of the barrel of
the tap to a piece of glass tube fused on to it. In the position A
(fig. 12) the measuring tube and the capillary tube are connected ;
on turning the tap through 90° (fig. 13) the interior of the
measuring tube communicates with the surrounding atmosphere,
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Fic. 11.—Lindemann-Winkler Fic. 13.—Tap.
Apparatus,

The piece of tube forming the continuation of the barrel of the
tap is provided with a piece of india-rubber tube and a pinchecock.
The absorption vessel B is filled with thin sticks of phosphorus,
which are introduced through a lateral neck (not seen in the
figure). The lower end of the absorption vessel is ground into
the neck of a bottle which has a second neck on the side, through
which the confining water is introduced. The whole apparatus
is contained in a light portable case; when not in use, or when
being carried about, the case is closed with two wooden sliding
doors. A small wooden flap with a hinge and spring keeps the
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it is allowed to clarify by leaving it for some time in a covered
stoneware pot and then pouring it off carefully. 1t is kept in a
bottle closed with an ordivary or india-rubber cork ; glass stoppers,
if moistened with potash solution, are apt to stick very tightly,
especially if the bottle is rarely opened, and are then difficult to
get out.

(a) Determination with Hempel's Apparatus.— As the limit of
exactness with Hempel's apparatus is only 0'2 per cent., this
apparatus is not suitable for determining carbonic acid in mine air,
unless comparatively large proportions of this gas are present,

The determination is made exactly in the same manner as an
oxygen test. The absorption vessel employed is a simple gas
pipette (fig. 4), which is charged with potash solution of the
strength just mentioned. If the intimate contact of the gas with
the liquid is brought about by gentle (not violent) shaking, the
absorption is complete in less than one minute, However, it is
advisable, in the case of un-
practised observers, to send
over the gas into the pipette
a second time, in order to make
kb sure that the absorption has
3 : been complete.

. If oxygen and carbonic acid
have to be determined from
| B ' the same sample, the carbonic
i : | acid is first absorbed by potash

: solution, and then the oxygen
A by phosphorus or pyrogallic
: acid.

il : (6) Determination with
il |t : Winkler’'s  Apparatus. — The
; EN I construction of the apparatus

| — I‘ﬁ':! (fig. 14) is exaotly like that of

e st the Lindemann-Winkler instru-

' ment, and, mutatis mutandis,

_ what has been said about using

= Y the latter applies in the case
st e of the former, It is suitable
for determining carbonic acid
in mine air poor in fire-damp,

ic

Fre. 14,—Winkler's Apparatus, but rich in carbonie acid, where

no fire-damp determination need

be carried out in addition to the carbonic acid determination.
It may. therefore be used with advantage where brown coal is
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oxide Hempel's apparatus is employed. As the ammoniacal
solution becomes oxidised by the oxygen of the atmosphere, it is
placed in a compound pipette (fg. 6). In charging the pipette,
90 c.c. of concentrated ammonia solution are first introduced into
the bulb by the aid of a funnel and india-rubber tube, and then
150 c.c. of the cuprous chloride solution are added. 1 e.c. of this
ammoniacal solution is capable of absorbing 16 c.c. of carbonic
oxide. As the solution after frequent use absorbs very slowly, it
1§ advisable to recharge the pipette pretty often ; this is possible
without any great waste of material, as determinations of carbonic
oxide at mines will rarely have to be made.

As the ammoniacal cuprous chloride solution also absorbs
oxygen and carbonic acid, these two gases must be removed
before testing for carbonic oxide. If there is a suspicion that a
sample of mine air contains carbonic oxide, the carbonic acid is
first determined by potash solution, then the oxygen by
absorption with phosphorus or pyrogallic acid, and finally the
carbonic oxide by ammoniacal cuprous chloride.

B. Titration,

Chemical reactions invariably take place according to definite
unalterable proportions by weight. A definite quantity of a
gas, on being absorbed by a suitable substance with formation
of a chemical compound, requires therefore during the absorption
a certain definite quantity of the absorbent, which can be
calculated from the combining proportions. And, wvice versd, a
given quantity of the absorbent is capable of absorbing a definite
quantity of the gas under consideration. If, therefore, a known
quantity of the absorbent is brought into contact with a gaseous
mixture containing the absorbable gas, and if, after the absorp-
tion is complete, the quantity of absorbent remaining unaltered
is ascertained, it is possible to calculate from the amount con-
sumed how much gas has been absorbed. Upon this principle are
based some of our most exact methods of gas analysis.

With the object of substituting an easy measuring operation
for that of weighing out the absorbent, which takes time and
trouble, solutions of definite strength are employed for absorptive
purposes, and these are usually so made that 1 c.c. is capable of
absorbing exactly 1 c.c. of the gas in question under normal
conditions, Z.e. at 760 mm. of mercury and 0° C., and dry. Solu-
tions of this kind arve designated as gas-normal solutions. The
quantity of substance to be dissolved in 1 litre of water is
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performed in one and the same vessel, so that the sample has not
to be shifted about,

As the combustion of the methane takes place according to the
following volumetrie proportions :—

1 vol, CH, +2 vols. 0=1 vol. CO, + 2 vols. aqueous vapour,

the volume of carbonic acid formed is equal to the volume of the
original methane.

When the gaseous mixture is brought into contact with
platinum made red hot by the passage of an electric current
the combination of the methane and the oxygen takes place
quietly so long as the percentage of methane is below 6, so that
the mixture is not explosive.

The apparatus in the main consists of an absorption flask
similar to those used in the volumetric determinations of carbonie
acid (fig. 17). The size of the flask employed depends upon the
percentage of methane expected. For
determining small proportions in the
return air-currents flasks containing
2 litres are usually chosen. For
analysing samples which are richer
in methane, and contain about 1 per
cent. by volume or more, flasks
holding 1 litre each are large enough.
A mark is made around the neck and
the cork is pressed in as far as this
mark, The contents of the flask up
to the mark are determined exactly
by filling with water and weighing ;
the number of cubic centimetres is
then secratched on the glass. In
- addition to a cork with two hﬂlel?

o £ rovided with glass stoppers, eac
nﬁéf;n}ﬂ{mﬁ,?ﬂ?ﬂ‘-ﬂ‘fhfﬁje, Flask has a second cork with three
holes which ecarries the combustion

apparatus, consisting of two brass rods which project into the
middle of the flask. Their ends are connected by a piece of
platinum wire twisted into a spiral and fastened on by small
binding screws. The wire is 0°35 mm. thick, and when drawn
out straight 7 inches long, exclusive of the pieces held by the
binding serews. The outer ends of the rods are provided with
binding screws for fastening on the wires bringing the electric
current. The third hole contains a glass stopper. In order to
cool the flask during the combustion, a cylindrical metal vessel is
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evident that this piece of apparatus must not be placed near the
fireplace, whilst the measurements are being made at the window.

As a source of electricity for heating the platinum wire in
making methane determinations, accumulators are to be preferred
to any other, especially on account of the regularity of the
current they furnish and the ease with which they are handled,
They may be employed either where there are means of charging
them from a dynamo at the mine or where they can be charged
somewhere else in the neighbourhood. 1In the latter case portable
accumulators are used. In order to heat a platinum wire 35
mm, thick and 7 em. long red-hot, a current of 7 to 8 amperes
is necessary, and this is afforded with a potential of 4 volts. Two
cells arranged in series will suffice, and it is advisable not to
choose them too small. An analysis requires about 4 ampere-
hours from each cell. From this, and from the number of fire-
damp analyses to be performed in a given ftime, it is easy to
calculate the necessary capacity. It must be remembered that
the accumulators should never be completely exhausted, and that
after standing unused for some time their strength is diminished.

If circumstances prevent the use of accumulators, the best
plan is to employ large Bunsen cells. Two of these coupled
in series afford the necessary potential, but as this begins to
diminish after a time, it is advisable to have a reserve cell,
which can be introduced when the platinum begins to glow less
vividly., If Bunsen cells are used for a long time, the acid
vapours given off become troublesome, on which account it is
preferable to place the battery outside the laboratory and bring
in the current by thick copper wires to a couple of binding
screws on the laboratory bench. The acid should be poured in
just before use and emptied immediately afterwards; in this
manner it can be used over and over again. If the amalgamation
of the zinc cylinder has become defective, a few drops of mercury
should be put into the liquid. Otherwise both the zinc and the
acid would soon be used up.

For weighing the reagents and barium hydroxide a good
ordinary balance of small size suffices. Tn weighing the necessary
quantity of oxalic acid for preparing the gasmnormal solution,
a delicate balance is, however, required, which will turn with at
least 1 mg. with a load of 50 grms. A regular analytical balance
in a glass case is not imperatively necessary. In case of necessity
a pair of good apothecary’s hand-scales may be made to do the
work. In any case, it is advisable to keep the balance in a
different room from that in which the acid vapours are given off
by the battery, and to protect it from dust by a cover.



























































































90 MEASUREMENT OF AIR-CURRENTE AND FIRE-DAMP.

off and F is put into communication with G by turning the
cock R.

Time is given for the temperatures to equalise, and then the
operator notes down the volume of air in the burette, the height
of the water in the manometer 7, and the temperature,

(4) The cock R'is opened and the bottle K raised. The gas
is driven, first into the burner and thence into the scrubber,
When the water has come up to the cock R, the bottle K is
lowered and the bottle K' raised, then K is raised ; and so on
several times, allowing the gas to remain in the washer a short
time on each occasion. Finally, things are brought back to what
they were originally. The temperature, the pressure, and the
volume are noted. From the data so obtained the quantity of CO,
contained in the air submitted to analysis may be calenlated.

(5) The procedure explained in the preceding paragraph is
repeated, save that the electric current is turned on as soon as
the platinum spiral is no longer bathed by the liquid. The fire-
damp burns, and in proportion as the carbonic acid is formed, it
is absorbed by the washer. Lastly, the current is shut off, and
after the burner has been allowed to cool sufficiently to prevent
its cracking, the liquid is brought back to R', which is shut.
The pressure, temperature, and volume are again read off, All
the data for caleulating the analysis have now been obtained.

The complete operation lasts about twenty minutes.

From the total loss in volume the amount of carbonic acid
found in the first part of the analysis has to be deducted ; the
remainder of the loss is due to the fire-damp having been burnt
into carbonic acid and aqueous vapour.

One volume of methane requires two volumes of oxygen for .
complete combustion ; and as all the products are absorbed, the
diminution in volume will be equal to three times the volume of
methane,

It is evident that the process admits a great amount of pre-
cision, because the error, which cannot be large, will in any case
be divided by three.

In order to have every guarantee that the analysis has been
correctly performed, the operator must be certain that the air
sample contains enough oxygen to burn the fire-damp which is
in it. It may be necessary, therefore, to determine the percent-
age of oxygen. For this purpose we employ the very simple
determination by the pyrogallate of potassium method.

The apparatus is a graduated burette G, ending in a bulb (fig.
33), the total capacity of the tube and bulb being 100 ec.c.

At the bottom there is a tap; at the top also there is a tap,
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of course, be taken that the sample is not contaminated in any
way through the presence of persons or lamps, When the gas
to be examined is issning from a pipe or bore-hole, a sample may
be obtained by holding one end of the rubber tube inside the
pipe (or attaching it to a glass tube passing through a cork or
plug of clay fixed in the pipe), and placing the other inside the
bottle. The gas then blows through the bottle, which should
be inverted if, as is often the case, the issuing gas is lighter than
air. The stopper must, of course, be inserted as soon as the
tube is withdrawn.

When samples are collected over water, the carbonic acid
percentage found is not quite reliable, as the water or the wet
bottle may have absorbed some of the gas, or the water may have
given up carbonic acid to the air. Samples collected in metallic
vessels are unreliable as regards the oxygen if, as is often the
case, there is oxidation of the metal going on inside. Glass
sampling tubes, provided with a three-way tap at each end (see
fig. 35), and of about 70 c.c. capacity, are convenient in certain
cases, and render a mercury bath unnecessary; but for under-
ground work they are fragile and troublesome to carry, besides
being expensive.

2. Desceription of Apparatus (fig. 36).—The sample of air is
measured in a gas-burette (A, fig. 36) about 32 inches (800 mm,)
long, provided at the top with a three-way tap. The upper wide
part is about 1 inch (25 mm.) in diameter, and has a capacity of
about 15 c.e. The graduation, which is to ‘01 c.c., extends
down the narrow part (which is 3'5 mm. in bore) from about 15
to 21 c.e. There are also marks at the first five c.c. on the wide
part. With such a burette it is possible to read without the aid
of a telescope to *001 c.c. A magnifying glass or a pair of
spectacles may be required, however ; and a good light behind -
the burette is needed. The burette must, of course, be most
carefully graduated by the maker,! and should be checked by
reversing the burette, filling with mercury, and weighing suc-
cessive portions of about 1 c.c., which are allowed to flow out
through the tap into a weighed vessel, any hanging droplet of
mercury being carefully brushed down. In estimating the
volume from the tap to the first graduation mark, it is necessary
to add ‘004 c.c. to the volume calenlated from the weight of
mercury which flows out between these points, as the mercury
meniseus has its convexity towards the tap when the burette is in
its natural position, During the whole operation the temperature

! The apparatus here described can be obtained from Messrs Miiller, Orme,
& Co., 148 High Holborn, London, W.C.
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in the adjustment of the pressure in the burette to that in the
control tube is thus attained. The Petterson apparatus is, how-
ever, difficult to manage, and possesses other disadvantages.

The combustion pipette T, which is filled with mercury, is
about 80 mm. long by 30 mm, in internal diameter, and con-
tains a spiral of three turns of very fine platinum wire, which
can be heated by an electric current to a white heat, so as to
completely burn any combustible gas present in the sample
under examination. The current is led to the spiral through
the two glass tubes shown, which are open above but sealed
below and filled with mercury. Through the closed ends two
pieces of stout platinum wire pass. These are connected by
copper wires with a small accumulator or other convenient source
of current. The spiral is fixed at the ends to V-shaped pieces
of stouter platinum wire, which are thrust down the open ends
of the glass tubes. It is thus easy to replace the spiral, should
it by chance become fused by passing too strong a current.

To heat the wire, about three to four volts are needed ; and a
variable resistance should be provided, so that the current can
be gradually increased until the spiral reaches a white heat. An
ordinary hand electric lamp, arranged as shown in fig. 36,
answers very well.

The method of burning combustible gases by means of a
platinum spiral was first introduced by Coquillion! about twenty-
five years ago for the estimation of fire-damp. It presents the
advantage that, where the volume of combustible gas present is
less than sufficient to form an explosive mixture with air, it
is not necessary to add hydrogen or detonating gas, as in the
older methods of analysis, since, however small the proportion
of combustible gas present may be, the combustion occurs very
rapidly in the presence of the heated platinum. The addition
of hydrogen, oxygen, ete., can thus be entirely done away with
in gas analysis, and only air need be added when oxygen is
required for combustion. Since the composition of the outside
air is practically constant, except during fogs in large towns,
this is a great advantage, as errors arising from slightly impure
oxygen, hydrogen, etc., or from the burning of nitrogen in ex-
ploding the sample, are entirely avoided, as well as the trouble of
preparing pure oxygen and hydrogen.

For transferring a sample of air from a bottle to the gas-burette
the mercury trough shown in fig. 37 is needed. It is made of
two slabs of wood, which are so cut out that when they are
screwed together a narrow slit, open at the top, is left between

! Comptes Rendus, vol, Ixxxiv. p. 4568, 1877,
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F1c. 38,—Portable Apparatus for Air Analysis underground.











































































































































162 APPENDIX,

at Newhaven, and the telegram did not reach me till after the last train
had left for London. I was consequently obliged to defer my departure
until the following morning, and then it was impossible for me to reach
Liverpool in time to catch the mail steamer leaving that port for Douglas,
I was unable to start from Liverpool until the morning of the 12th.

Recovery of the Dead Bodies.—After the last unsuccessful attempt
to find and rescue any possible survivors, a consultation was held between
Captain Kewley, Captain Reddicliffe, Mr Williams, and Dr Miller,
and it was thought desirable to bring up the corpses from underground
as soon as possible, as the work of removal would certainly become more
difficult, sickening, and noxious each day it was delayed. On this account
Mr Williams again descended the mine with a party of men, and was
engaged till eleven o'clock at night in sending three bodies to the surface,

Early on the following morning the work of recovery was continued,
under the superintendence of Mr Williams, as Captain Kewley was
suffering from the effects of the poisonous atmosphere in the mine on the
previous day, besides having ample work to do in superintending the
disposal of the bodies as they were sent up to the surface. The working
parties had further the aid and advice of Captain W. H. Kitto, the
manager of Foxdale Mine, and my friend Mr H. Wynne-Finch, who
happened to be staying with him when the news of the disaster arrived ;
they at once proceeded to Snaefell, descended the mine, and threw them-
selves into the work energetically.

Early in the afternoon, Mr Williams was so exhausted by his
exertions, that he became unconscious for a few minutes, and had to be
sent up to the surface in the “box.” By this time ten bodies had been
recovered, making, with the three brought up on the previous day,
thirteen in all. Work was then suspended for the day. About six
o'clock in the evening, a party of volunteers from Foxdale Mine,
summoned by telegram from Captain Kitto, reached Snaefell, and would
have descended at once if they had not been told that their services
would not be required until the following day.

My other assistant, Mr Jones, who had started from Chester as soon as he
received telegraphic instructions from me, reached Laxey in the evening.

On the Wednesday morning a party of volunteers, headed by Mr
Williams and Mr Jones, descended the mine, and recovered five more
bodies, which were found on different platforms near the 115-fathoms
level, some above and some below,

By this time, they had descended as far as the platform immediately
above the 130-fathoms level (CD, Plate III, fig. 1). One of the miners
kneeling upon this platform put his candle through the *“ manhole” in order
to look for the last body, when he found that it was at once extinguished.
Knowing the importance of ascertaining the exact nature of the poisonous
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166 APPENDIX.

day, for then a light would burn brightly on the platform, although it
was extinguished below. On Thursday, the day of my visit, there was
very bad air above the platform.
One of the miners begged me to be
allowed to go down with an air-
hose in his mouth ; but of course I
refused, saying that [ was respon-
sible, and that no one should go
down lower. We all climbed up
again without difficulty ; though,
after an hour at the surface, I began
to have a violent pain across the
forehead which lasted some time.
= In order to improve the ventilation
= ] of the mine, I had a fire lighted at
—-=""3F"—-E“_:-_—;—-"" the bottom of the wooden chimney,
and I was glad to see that it created
a good draught,

On the following day my tests
made from the surface showed me

' that the level of the bad air in the
z mine had mnot gone down as I
expected. I therefore concluded
that some of the ventilating doors,

which I had been told were shut,
must be open. Captain Kewley offered to send down men to see, but
I thought that it was better that I should go myself. Mr Williams,
Mr Jones, and Captain Kewley came down with me to the 100 level,
and we found two doors open. These I helped to shut, and we came
up, hoping to find a great improvement on the morrow.

On the Saturday morning, my tests with mice proved that things
were much in the same condition ; and it then seemed to me probable
that the door at the 130-fathoms level was open, allowing the air going
down the main shaft to escape through this level to the succession of
intermediate shafts which formed the upcast, without going to the
lower levels at all. I was of opinion that this door should be closed if
possible, and there was naturally a desire on all sides that the last
body should be brought up.

Mr Williams, Captain Kewley, Captain Reddicliffe, and I, with a
party of miners, went down all right to the 115-fathoms level ; and
before descending any further I tested the air, by lowering a tame rat
in a cage, from platform to platform. Leaving most of the miners at
the 115, Mr Williams, Captain Kewley, Captain Reddicliffe, I, and
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Works by BRYAN DONKIN, M.Inst CE, M.Inst.Mech.E., &e.

FourTH EbDITION, Revised and Enlarged. With additional
1llustrations. Large 8vo, Iandsome Cloth. [A¢ Press

GAS, OIL, AND AIR ENGINES:

A Practical Text - Book on Internal Combustion Motors
without Boiler.

By BERYAN DONKIN, M.InsT.C.E., M.INsT.MECH.E,

GenErAL ConTENTS.—Gas Englnes:—General Description—History and Develop-
ment—British, French, and German Gas Engines—Gas Production for Motive Power—
Theory of the Gas Engine—Chemical Composition of Gas in Gas Engines— Utilisation of
Heat—Explosion and Combustion. 01l Motors :(—History and Development— Various
Types— Priestman’s and other Oil Engines. Hol-Alr Engines:— History and Develop-
ment—Varicus Types: Stirling’s, Ericsson’s, &c., &c.

““The BEST BOOK NOW PUBLISHED on Gas, Oil, and Air Engines, . . ., Will be of
VERY GREAT INTEREST o the numerous practical engineers who have to make themselves
famihar with the motor of the day. . . . Mr. Donkin has the advamiage of LoNG
FRACTICAL BXPERIENCE, combined with HIGH SCIENTIFIC AND EXFERIMENTAL ENOWLEDGH,
and an accurate perception of the requirenients of Engineers."— 7 ke Enprnees,

"We HEARTILY kHECOMMEND Mr. Donkin's work, . . . A monument of careful
labour. . . . Luminous and comprehensive "— Fournnl of oy Lighreng
' A thoroughly RELIABLE and EXHAUSTIVE Treatise."— Engincering.

In Quarto, Handsome Cloth. With Numerous Plates. 235s

THE HEAT EFFICIENCY OF STEAM BOILERS

(LAND, MARINE, AND LOCOMOTIVE).

‘With many Tests and Experiments on different Types of
Boilers, as to the Heating Value of Fuels, &e., with
Analyses of Gases and Amount of Evaporation,
and Suggestions for the Testing of Boilers.

By BRYAN DONKIN, M.InsT.C.E.

GeENERAL ConrTENTS.—Classification of different Types of Boilers—
425 Exp-erimcnts on English and Foreign Boilers with their |leat Efficiencies
shown in Fifty Tables—Fire Grates of Various Types—Mechanical Stokers—
Combustion of Fuel in Boilers—Transmission of |leat through Boiler Plates,
and their Temperature—Feed Water leaters, Superheaters, Feed Pumps,
&c.—Smoke and its Prevention—Instruments used in Testing Boilers—
Marine and Locomotive Boilers—Fuel Testing Stations—1liscussion of the
Trials and Conclusions—On the Choice of a B iler, and Testing of Land,
Marine, and Locomotive Boilers— Appendices— Bibliography— Index.

With Flates dllustra ing Progress made during recent )ears,
and the best Modern Practice

" Probably the MORT EXNATBTIVE resrmméd that Das ever heen collected. A PEACTICAR
Brok by a thoroughly practical man. '— Jron and Coal Thaves Review,

g “ONNON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND.
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Secoxp Epirion, Revised, With numerous Plates reduced from
Workiug Drawings and 280 Illustrations in the Text, 2ls.

A MANUAL OF

LOCOMOTIVE ENGINEERING:

A Practical Text-Book for the Use of Engine Builders,
Designers and Draughtsmen, Rallway
Engineers, and Students,

BY
WILLIAM FRANK PETTIGREW, M.IxstT.C.E,
With a Section on American and Continental Engines.
Br ALBERT F. RAVENSHEAR, B.Sc,

Of Ais Majesty’s Patent Office.

Contents, — Historical Introduetion, 1763 864, — Modern Locomotives : Hmm.—
Modern Locomotives: Cownpound Frimry Cousiderstion in Locomotive Design. —
Cylinders, Steam Chesta, and Stufling Boxes.—Pisious, Piston Hods, Ciosstesds, sod
Slide Bars, —Convecting snd Coupling Hode = Wi eels and Axles, Axle Boxes, Horublocks,
and Baariong Sprivngs. — Baooe ve .= Vaive Geor.= Slide Valves gand Valve Gear Deiails,—
Framing, Bogies ard Axle | rocks, Hadal Axle Boxes,— Builers.—snokehox. Blast Plpe,
Firebox Fitungs,—Boiler Mounings — Tenders,  limlw ¥ Brokes,— Lubrication,—Con-
sumption of Fusl I:.n-iu-bm:hm and Engine | Melency.—American Locomotives —Con-
tluhl&tnl Locomotives.—Hepairs, Hunning, Ingpectioyn, und Repewals.—Three Appendices,
w—]ndex.

L kely to remain for many vears the Brawparp Work for those wishing to learn
Depiy n = Eugrveer,

“ A most inte esting aod valuable addition to the bibliography of the Locomotive."—
Bailvway Official (haiviie.

“ Wea recommend the hook &8 THORD GRLY PRACTICAL in its character, and MERITING 4
PLACE [N ARY COLLEcTION of . . . workson bocomotive Engineering,” — Bailway Necr,

“The work CONTAINS ALL THAT Ca¥ BE LEARNT from a book opon soch a suhjeet, It
will &t vnce cank as THe sTANUDARD WORK UPON TS IMPUORTANT SUBJECT." — Ruilivay Magazing,

=

In Large Bvo. Handsome Cluth. With Plates and Illustrations. 16s.

LIGHT RAILWAYS
AT HOME AND ABROAD. -
Br WILLIAM HENRY COLE, M.Ixsr.C.E,

Late Deputy-Mansger, North- Western Hallway, India,

W Contenfs.—Discussion of the Term ** Light Rnilp-a.yn.”#ﬂngﬁﬂil Rail
Rates, and Farmers. — Light Railways in Belgium, France, Italy. other
Eurvpean Countries America and the Colonies, India, Treland. — Road Trane-
rt as an alternative.—The Light Railways Act, 1896,—The Question of
auge.—Constroction and Working. —Locomotives and Rollins-Stock. — Light
Railways in England, Scotlaud, Mth Wales, — Appendices and Index.
“Mre, W. H, Cole has brougnt together . ., . & LARGE AMOCNT of VALUAHLE INFORMA-
oM . . hitharto practically inseeas-ihla to the ordinary roader,” —Tiwes,
“ Wil remain for some thue yet & Siaxpaso Wokk in everythiog relating to Light
Bailways.” —~nyineer, ;
“ The author has extendsd practict] ex erience that makes the book lucid and useful.
It s gxcerimsaLy wall dons, " — Eugfweeri g
“The wiala suhject ls exunvesrivery and pracricanty considered The work can be
cordlaily recommended a8 1¥PISPRN<ABLE Lo tho-e wioss duty [t is to hecome sequainted
with on+ of the prime nacessities of e imunediste future "—Railway Uficial Gaserie
“I'HERE COVLD BE NO BETTER ook of Hrst reference oo its subject. All classes of
Enginasrs will walmama it appaare onms —Sead crman

LONDON : CHAKLES GRIFFi« & CO., LIMIIED, EXETER STREET, STRAND.

——







——— . ———————— e ——

.

32 CHARLES GRIFFIN & CO0,’S PUBLICATIONS.

Large 8vo, Handsome Cloth. With Illustrations, Tables, &e, 21,

Lubrication & Lubricants:

A TREATISE ON THE
THEORY AND PRACTICE OF LUBRICATION

AND ON THE

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS.
By LEONARD ARCHBUTT, F.1.C,, F.0S,

Cliemist to the Midiand Railway Company,
AND

R. MOUNTFORD DEELEY, M.ILM.E., F.G.S.

Chiel Lovomntive Snperintemdent, Widland Eallway Company.,

CONTENTS.—I. Frictlim of Solids.—IL. Lignid Friction or Vi cosity, and Plastie
Friction. —I1I. Superteinl Tension.—1V. The Theory of Lubrication.—V. Lubricants,
thelr Somrees, Prepuration, and Properties. - VI, Physical Properties and Methods of
Examination of Lubwicants.— V11, Chemical Properties and Methods of Examination
of Lubricants.—VIIL The Syst matic Testi f of Lubricants | ¥ Physical and Chemical
Methods. —IX. ‘Ihe Mechanical Testing of Lubricante.— X, The Design and Lubrication
of Bearings.— X 1. The Lubrication of « schinery.—INLEX.

“ Destined to heconme a CLASEIC on Lhe snbjeet.” —Mudustries and Tron.
“Contains practically ALL THAT IS KXowd on the subject. Deserves the careful
attention of all Engineers,"— Railway Gficial GGFuide.

e

Focrern Boimion.  Very fully [lustrated, Cloth, 4s. Bd.

STEAM - BOILERS:

THEIR DEFECTS MANAGEMENT, AND CONSTRUCTION.

B R (b MUON RO,
Chief Engineer of the Seottish Boiler Insurance and hngine Ingpection Company.

Gexeral ConTenTs.—|. Exprlosions caused (1) by Overheating of Plates—(3) By
Defective and Uverlvsded Safery Valves—i(3) Ity Corrosion, literval or Fxternal—(4) By
Deflective Design a Construction (Uisupp 1ted Flue Tubes; Unsirengtheied Manholes
Drefective Staving : Strenget o Kivitied Jonns; Factor of Safery)= 1. CoxsarucTiON oF
Verticat B oiLens: shells—Crown Plares and Uptake Tul es— Man-Holes, Mud-Holes,
and Fire-Huoles — Firebuxes — Mountings — Management — Cleaning— Table of Burstin
FPressures ol Sieel Boiler-—"Tahie of Rivented Jonmms—Specifications ad Drawings
Lancashire Boiler for Wo king | ressure s 10} 8¢ ib= ; (&) 200 (s, per square inch respectively.

A valuable companion lor workmen and engineers engaged aboul Steam Boilers, ought
to be carefully studied, and a1 wavs T Hann ' —Coli. GFraraian,

'"The bouk 15 YERY USHFUL, especially to steam users, artisans, and young Engineers.™—

My IREET.

By THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why

they Occur, and How to revent their Occurrence, A Practical Hang.
book based on Actual Experiment.  With Diagram and Coloured Plate.
Price 13s.

LONDON: CHARLES G IFFIN & (0., LIMITED, EXETLR STREET, STRAND.
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WORKS BY
ANDREW JAMIESON, M.INsT.C.E, M.LE.E, F.R S.E,

Formerly Professor of Electrical Enginerring, The Glasgow and West of Scolland
Lechinfeal Cofleve.

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS,
In Large Crown Svo, Fully lllustrated,
STEAM AND STEAM-ENGINES, INCLUDING TURBINES

AND BOILERS, TFor the Use of Students preparing for Competitive
Examinauous.  With over 700 pp., over 350 Iiustrations, 10 Folding
Plates, and very numerous Fxamination Pape.s. FourTEENTH EDITION.
Revised throughout 10s. 6d.

" Prolessor Jamieson ftascinates the reader by his CLEARNESS oF CONCEPTION AND
SIMPLICITY OF EXFRESSION  His treatment recails the lecturing of Faraday."—A thenaum.
** The BrsT Book yet published for the use of Studeuts.”"—Engineer.

MAGNETISM AND ELECTRICITY. For Advanced and

““Ilonours” Students. By Prof. Jamieson, assisted by David Robertson,
B.5c, TProfessor of T lectrical Engineering in the Merchant Venturers'
Technical College, Bristol. [ Shkorily.

APPLIED MECHANICS & MECHANICAL ENGINEERING.

Vol. L.—Comprising Part 1., with 5§40 jages,. 300 Illustranons, and
540 Lxamination Questions: The Principle of Work and its applica-
uons; Part IL.: Trction; Gearing, &c. Fourtn Emrion, 8s.6d.
“FuLLY MAINTAINS the reputation of the Author,”"—/ ract. Engi.cer.

Vol. I11.—Comprising Parts 1I1l, to V1., with 608 pages, 371 Illos-
trations, and copivus Examination Questions: Mouon and Energy;
Graphic Statics; Strength of Materials: Hydraulics and Hydraulic
Machinery. FourTH EpITION, Greatly Enlarged.

“WELL AND LUCIDLY WRITTEN."—The Kneimerr
¥ Euch of the above volumes is complete in iiself, and sold separately.

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS
Crown 8vo. With [lustrations and Examination Papers.

STEAM AND THE STEAM-ENGINE (Elementary
Manual of). For First-Year Students. TExTH EpiTion, KRevised. 3/6.

“* Should be in the hands of EVERY engineering apprentice."—Practical Engineer.

MAGNETISM AND ELECTRICITY (Elementary Manual

of). For First-Year Students. FiFrud EpiTion. 3/6.
" A cAPITAL TEXT-BOOK . . . The diagrams are an important leature "—Sckoolmasier,
""A THORODUGHLY TRUSTWORTHY Text-book. Practical and clear."—Nafure.

APPLIED MECHANICS (Elementary Manual of),

Specially arranged for First-Vear Siudents. SixTH EbpiTION,
Revised and Greatly Enlarged. 3/6.

"The work has VERY HiGil QUaLITIES, which may be condensed into the one ward
' CLEAR. "—JScrence and Ari,

IN PREPARATION. 300 pages. Crown 8vo. [Drofusely Iilustrated.

IMODERN ELECTRIC TRAMWAY TRACTION:

A Text-Book of Present-Day Practice. )
For the Use of Electrical Engineering Students and those interested in Electric
Tvang : {svion of Power.

By Pror. ANDREW JAMIESON.

A POCKET-BOOK of ELECTRICAL RULES and TABLES.

For the Use of Electricians and Engineers. By Jomnrx Mexro, C.E.,
and Prof.’ JamiesoN. DPocket Size. Leatler, 8s, 6d. SEVENTEENTH
Epirion. [See p. 49.

LONDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND.
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PrOF. RANKINE'S WORKS —{Continued).
USEFUL RULES AND TABLES:

@or Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders,
Surveyors, &c. With ArreNDIX for the use of ELECTRICAL ENGINKERA,
By Professor Jamiesox, F.R.S.E. Sevextn Eprrrox., 10s. 64

A MECHANICAL TEXT-BOOK:

A Practical and Simple Introduction to the Study of Mechanics. By
Professor RaxgiNg and E. F. Bauser, C.E. With Numerous Illus-
trations. Crown 8vo, cloth. Firra EprtioN. 9s.

e ® The “* Mecmanical Texr-Boox" was designed by Professor BANEINE os an [NTRO-
GooTIow (o the abore Serier of Manuals,

MISCELLANEOUS SCIENTIFIC PAPERS.
Royal 8vo. Cloth, 31s. 6d

Part I. Papers relating to Temperature, Elasticity, and Expansion of
@apours, Liquids, and Solids. Part II. Papers on Energy and its Trans-
formations, Part III. Papers on Wave-Forms, Propulsion of Vessels, &oc.

With Memoir by Professor Tarr, M.A. Edited by W. J. MiLrar, C.E.
With fine Portrait on Steel, Plates, and Diagramas,
“ No more enduring Memorial of Professor Rankine could be devised than the publica-
&on of these papers in an accessible form. . . . The Collection is most valuable oa
account of I‘.he nature of his discoveries, and the beauty and mmpletems of his I.'nl.h*lﬂ..

. . . The Volume exceeds in importance any work in the same department published
fa cur time."—drohtect.

SHELTON-BEY (W. Vincent, Foreman to the

Imperial Ottoman Gun Factories, Constantinople) :

THE MECHANIC'S GUIDE: A Hand-Book for Engineers and
Artizans, 'With Copious Tables and Valuable Recipes for Practical Use.
Dlustrated, Secomd Edition. Crown 8vo, Cloth, 7/6.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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!

Royat Runy, Handsoma Glath,. With numerous Miustrations and Tables. s

THE STABILITY OF SHIPS.

SIR EDWARD' J. REED, K.C.B, F.RS., M.P,

ENIGHT OF THE IMPERIAL ORDERS OF 5T. STANILAUS OF RUSSIA; FRANCIS [JOSEFH OF
AUSTRIA ; MEDJIDIE OF TURKEY AND RISING SUN OF JAPAN | WICE-
FRESIDENT OF THE INSTITUTION OF NAVAL ARCHITHECTS.

In order to render the work co for the purposes of the Shipbuilder, whether aa
home or abread, the Meéthods of Caleulation intreduced by Mr. F. K. Ba + M. Gray,
M. Reecu, M. Davmarp, and Mr. Benjamin, are all given separately, illustraved by
Tahles and worked-out examples The book' contains more than sco Diagrams, and is
illustrated by a large number of actual cases, derived from ships of all desenptions.

e Sir EpwarD KEED S " STABrITY OF SHIFS” s iNVALUABLE.  The Naval AxcHITECT
will find brought togetner and % hus hand, a mass ol information which. he would other-
wise have to seek in an almost en variety of publications, and some of which he would
possibly, not be able to obtain at all elsewhere. " — Sreaprkis,

-

THE DESIGN AND CONSTRUCTION OF SHIPS! By -
. MTArvarD Bries; MIINST.N.A., Professor of Naval Architecture m the
" University of Glasgow. : [{1 Preparation.

e

" Tuirp EpiTionN. Tllusirated with Plates, Numerous Diagrams, and.
Figures in the Text. 18s. neL

_ STEEL ‘SHI'PS:
THEIR CONSTRUCTION AND MAINTENANCE.

A Manual for Shipbuilders, Ship Superintendents, Students,
and: Marine Engineers.

By THOMAS WAIL'TON, NavaL ARCHITECT,,

AUTHOR OF "' KxOows ¥our ows sam”

CoxTeENTS. —L. Manufacture of Cast Tron. Wronght Iron, and Steel. — Com-
ositiom of Iron amll Steel, Quality. Streugth, Testa &e 1L Classification of
teel Ships. III. Considerationsin making choice of Type of Vessel. —Framin

of Shipa. IV, Strains experienced by Ships:—Methods of Compmti ]
Comparing Strengths of Ships, 'V, Constroction of Ships. — A lternative Modes
of Construction.—Types of Vessels —Turret, Self Trimming. and Trunk
Steamers. &c —Rivets and Riverting, Workmanship. VL Pumping Arrange-
ments. VII. Maintenance.—Prevention of Deterioration in the Hulls of
Ships. —Cement, Paint, &e. — INLEX.

“ Sothoreaeh sod we | written i- evi ey chapter in the Yook shat it i dit enlt 1o -aleet
an¥ of themn as being worthy of exceptionnl pr. 8s. Allogether; (hie work is exce lent, and
wiiil prove of ereat Vi ue to tho-a for whom o isintended.™  The Engiveer.

w A Wkl tom bsow e teme Fon -t piod AR oon ol whach e & s ooosment,  Tisrwark
will b rewd wink apge eviet b no doobt, bpoevery MULN AL snd owith grest benefll by thas
maj rity of them. —Jourval of Commeree.

UNIFORM Wi TH“. _T HE ABOVE.
THE PRINCIPLES AND PRACTICE OF

DOCK ENGINEERING.
By BRYSSON CUNNINGHAM, B.E., M.Inst.C.E.
See p. 27.

LOND.N: CHARLES GRIFF N & CO., LIMITED, EXETER STREET, STRAND.







40 CHARLES GRIFFIN & C0.'S PUBLICATIONS,

GRIFFIN'S NAUTICAL SERIES.

Introductory Volume. Price 3s. 6d.
Sl Pt '

British Mercantile Marine

By EDWARD BLACKMORE,

MASTER MARINER; ASSOCIATH OF THE INSTITUTION OF NAVAL ARCHITRECTS;

HMEMEHRE OF THE INSTITUTION (OVF EH'.T-IIHIIFIIS ANIE SHlFHUI‘LIEHRS
IN SCOTLAKD ; EDITOR OF GRIFFIN'S “NAUTICAL SERIES
GeENERAL ConTeNTS.—HiIsToRICAL : From Early Times to 1486— Pr
onder Henry VITI —To Death of Mary— During Elizaleth's Iieign— Up to
the Reign of William I11.—The 18th and 19th Centuries—Institution of
Examinations — Rlise and Progress of Steam Propulsion — Dew:lu}:’sment of
Free Trade—- Ehipping Legislation, 1862 to 1875—** Locksley Hall” Case—
Bhipmusters' Societies — Loading of ShipH-—Eh'il[t_ping Legislation, 1834 to 1804—
Btatistics of Shipping. THE PrrsoNNEL : Shipowners— Officers— Mariners—
Duties and Present P'osition. Epvcarion : A Seaman’s Education: what it
ghould be—Dresent Means of Education— Hints, DiscirLivg axp Dury—
Postscript— Thie Serions Decrease in the Number of British Seamen, a Matter
demanding the Attention of the Nation.

WinreresTivg and InsTeuerive . . . may be read WITE PROFIT And ENJOTMENT.'—

ﬂfﬂ‘ﬁ'ﬂﬂ fleruld,
‘Eveey Bra*0H of the sobject is dealt with in & way which shows that the writer

‘knows the rop s fusiliar!y."—scotsman.
“This apMikaBLE book . . , TeEEME with vseful information—Should be in the

hands of every sailor."— Western Morning Newws.

—

Tuairp Evitioy, Thoroughly Revised, Enlarged, and Re-set.
Wath Additional llustrations. [Irice Gs.

A NMANUAL OF

ELEMENTARY SEAMANSHIP.

D. WILSON-BARKER, Master Mariser; F.R.S.E., F.R.G.5,, &c., &:ﬂ..

YOUNGER BROTHER OF THE TRINITY HOUSE.

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations
in the Text.

GENERAL CoxTeNTs,—The Building of a Ship: Parts of Hull Masts,
&c,—Ropes, Knots, Splicing, &e. — Gear, Tead and Log, &c. — Rigeirg,
Anchors — Sailmaking — ‘I'lie >ails, &c¢ — Handling of Boats under Sail —
Sigpals and Signalliug— lnle of the Hnad-—ﬁuelrin.'.: and Relieving Watch—
Points of Etiquette—Glossary of Sea Terms and Phrases—Index.

* *The vnlume containg the HEW RULES OF TUE BOAD.
U This ADMIRARLE MaxtaL. by Oart. WiLsox-BAkggr of the - Waorcester,! seems to o8
PERFECTLY DEXIGKED and hoids ils plice excellently in * GRIFFIN'S NaCTICAL SERIRS " .

Although intended for those who are to become Officers of the Merchant Navy, it will be
found aseful by ALL TACITSMER, " —Alhenmum,

% Far complete List of GriyFmx's NavTical SEries, ses p 39,

LONDON : CHARLES CRIFFIN & C0., LIMITED, EXETER STREET, STRAND.
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42 CHARLES GRIFFIN & 00,'S PUBLICATIONG,
GRIFFIN'S NAUTICAL SERIES.

Srcoxp Eprriox, Revisep, With Numerous [Hustravions. Price 3s. 6d.

' Practical Mechanics:
Applied to the Requirements «f the Sailor.
By THOB. MACKENZIE,

Masier Mariner, F.H.4.8,

"GENERAL CoFTENTS.—Resolution and Composition of Forces—Work dome
by Machines and Living Agents—Dhe Mechanical Powers: The Lever;
Damcka‘ns Bent Levers—The Wheel and. Axle: Windlass ; Ship’s Capstan ;
Crab Winch—Tackles : the “*Old Man "—The Inclined Plane; t e Screw—
The Centre of Gravity of a Ship and Osrgo— lielative Strength of Rope :
Steel Wire, Manilla, Hemp, Coir—Derricks and Shears- Caleulation of the
Croas-breaking Strain of Fir Spar—Centre of Effort of Sails—Hydrostatics :
‘the Lliving-bell ; Stability of Floating liodies ; the Ship's Pnmp, &c.

“THis EXCELLENT BOUK . . . ‘coutainsa LAHGE AMOUNT of information.”
—Nature.

e -'i‘{m..zh;wcrhm the money . .. . will be found EXCEEDINGLY HELFFUL.™—

or,

**No Suips’ OFFICERS' BoOKOASE will henceforth be complete withont
CarraiN MackeNzie's ‘ Pracrioar MecHavies.! Notwithstanding wy many

ars’ experience at sea, it has told me how much more there is o acquire.”—
Letter to the Publishers from a Master Mariner)

- “T must express my thanks to you for the labour aud care you have taken
dn “Pracrroar MecHaNies.” . . . Ir I8 A LIFE'S EXPERIENCE. . . ..
What an amount we frequently see wasted by rigging purchases withont reason
and accidents to spars, &c., &c.! ‘Pracricar. MECHANICS' WOULD SAVE ALL
‘THI8."—( Letter to the Author from another Master Mariner),

WORKS BY RICHARD C. BUCK,

of the Thames Nautical Traioiug (s llege, .M 3. * Worcestar,'

A Manual of Trigonometry:
With Diagrams, Examples, and Exercises. Pric: 8s. 6d.

SecoNp Epirion, Revised and Corrected.

ol Mr. Buck’s Text-Book has been SPECTALLY PREPARED with a view
to the New Examinations of the Board of Trude, in which Trigonometry
Is an obligatory subject. '

“““This EMiNENTLY PRACTICAL anid EELIABLE VOLUME.''— Schoolmasier

A Manual of Algebra.

Designed to meet the Requirements of Sailors and others. Price 3s. 6d.
& *These slamentary works on sLoeora and TmicoNoMETRY ars writtan specially for

| those who will have little opportunity of consulting a Teacher. Toey are bouks for ** sEi¥-
grce.” All bat the simplest explanations have, tharelore, been avoided, and nlxwl:lmﬂn
r

'the Exercises are given. Auy person may resdily. hy careful study. hecome master of th

. pootents, and thos lay the foundation for a forther mathamutical corse, if de~irad. It is

hopad that to the Eauugnr Officers of our Mercantile Marine they wiil be foond decided)y
serviceable. The Examplee and Exercizes are taken frour'the Exdmination Papers setffer
the Oadets of the ** Worcester.™ . 0 .
“ Jlearly arranged, and well got op. «in  duofirst-rate. Elementary -Algobra.-—
Nautical Magazine. j i A
bl “ *For complete Tdat of Grrrtiy's Wattroan Sprigs: ser p 39







44 CHAKLES GRIFFIN & CO.’S PUBLICATIONS.

GR'FFIN'S NAUTICAL SERIES.

Bientn Kuimion,  Revised, with Chapters on Trim, Buoyancy,
and Cualculations, Numerous [llustrations, Handsome
Cloth, Crown 8Svoe. Price 7s, 6d.

KNOW YOUR OWN SHIP,

By TIHHOMAS WALTON, NAVAL ARCHITECT.

EPECIALLY ARRANGED TO SUIT THE REQUIREMENTS OF SHIPS' OFFICERS,
BHIPOWNERH, SUPERINTENDENTS, DREAUGHTSMEN, ENGINEERS,
AND OTHERS,

This work explains, in a simple manner, such important
sabjects as:—

Displacement, Stability,
Deadweight, Rolling,

Tonnage, Ballasting,
Freeboard, Loading,

Moments, Shifting Cargoes,
Buoyancy, Admission of Water,
Strain, Sail Area,

Struclure, &c., &c.

* The little book will be found EXCEEDINGLY HANDY by most officers and
officials connected with shipping. . . . Mr. Walton’s work will obtain
LASTING 8UCCESs, becanse of its unique fitness for those for whom it has been
written."—Shipping World.

** An EXCELLENT workK. full of solid instruction and INVALUABLE to every
officer of the Mercautile Marine who has his profession at heart.”—Shipping.

* Not one of the 242 pages could well be apared. 1t will admirably fulfil its
purpose . . . useful to ship owners, ship superintendents, ship draughts.-
men, and all interested in shipping.”— Liverpool Journal of Commerce.

““ A mass of VERY USEFUL INFORMATION, accompanied by diagrams and illus-
trations, is given in & compact form.”— Fairplay.-

* We have found no one statement that we could have wished differently

expreesed.  The matter has, so far as clearuess allows, been admirably con-
densed, and i3 siuple envugh to be understeod by every seaman.™— Marine

Engineer.

BY THE SAME AUTHOR.

Steel Ships: Their Construction and Maintenance.

(See page 38.)

LCNDOM: CHARLES GRIFFIN & CC., L'.u'!.'_ TED, EXETER STREET, STRAND.







- 16 CHARLES GRIFFIN & -O0.'8S PUBLICATIONS,

'WORKS BY PROF. ROBERT H. SMITH, Assoc.M.1.C.E.,

M.LM.E., M. LELE., M.LMio. K., Whit Sch., MOvd Meiji

THE CALCULUS FOR ENGINEERS
AND PHYSICISTS,
Applied to Technical Problems.

WITH EXTEXRRIVE

CLASSIFIED REFERENCF LIST OF INTEGRALS,
By PROF. ROBERT H. SMITH.

ASSISTED BY :

R. F. MUIRHEAD, M.A, B.Se,

.Formerly Clark Fellow of Glasgow Umiversity, snd Leciurer on Mathematics st
Muson Colluge,

In Crown 8vo, extra, with Diayrams and Folding- Plate. '8s.6d.
“ Pror. K. LI, Enira's book will be serviceanle in rendering & hard ropd A8 BAEY A8 PRACTIO-

© aeir for the uon-mathematical Student sud Eugimecr."— A theteam,

“Interesting diagrams, with practical illvseran ns of et us) oeenrrence, ate to be fonnd hers
io abundavce., THE VERY COMPIETE CLASSIFIKD REFEEFECE TAKLE w]IJ ptuu Very in
waving the time of these whoe waut an lutegral lo s burry."—The Angineer,

MEASUREMENT CONVERSIONS
(English and French):

28 GRAPHIC TABLES OR DIAGRAMS.

Showing at a glance the MorvaL ConversioN of MEASUREMENTS
in DiFFeresT UNIiTS
Of Lengths, Areas. Volumes, Weights, Stresses, Densities, Quantities
of Work, Horse Powers, Temperatures, &oc.
For the use of Engineers, Surveyors, Archiitects, and Contractors.
In d4to, Boards. 7s. Gd.

* " Prof. SmiTE's ConvERSION-TABLES form the most unique and com-
prehensive collection ever placed before the profession. By their use much
time and labour will be saved, and the chances of error in ecalculation
diminished. 1t is believed that henceforth no Engineer's Office will be
considered complete without them.

¥ The work is INVALUABLE. "—Colitery Guardian.
*Ought to be in every oflee where even oceasionsl eonversions are required. . . . Prol
BuiTH'S TABLRS [orm very EXCELLENT CHECKA on resilts. "—Klectrical Hevieio.
HProf. Bmith deserves the hearty thanks, not omiyaf the Exgreexa, but of the ﬂnimu
SWorrp, for having smoothed the way for the avnrriosof the M eTRic SverEM o' MEANDEEMENT,
& lr.h]ect which 18 now assnming f“rﬂut impurtance as a (sctor in maintaining our HoLd Qpon
FORKIGH TRADE."—The Machinery ke,

LONDON : CHARLES €RIFFIN & 0., LIMITED, EXETER STREET, STRAND.
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4% CHARLES GRIFFIN & C0.'S PUBLICATIONS.

SecoNnp EpiTioN, REVISED AND ENLARGED.

With Tables, Illustrations in the Text, and 37 Lithographic Plates, Medium
8vo. Handsome Cloth. 30s. :

SEWAGE DISPOSAL WORKS:

A Guide to the Construetion of Works for the Prevention of the
Pollution by Sewage of Rivers and Estuaries.

By W. SANTO CRIMP, M.InsT.C.E.,, F.G.5,
Late Assistant-Engineer, London County Couneil

PART I.—InTrRODUCTORY., PART Il.—SEwAGE DisrosalL WOREKS IN
OPERATION—THEIR CONSTRUCTION, MAINTENANCE, AND COST,

*.* From the fact of the Author's having, for some years, had charge of the Main
Drainage Works of the Northern Section of the Metropolis, the chapter on Lonpon will be
found to contain many important details which would not otherwise have been available.

 All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimp. . ., .
His wm-fewiil be especially useful to SamrrTary AuTHoriTies and their advisers . . .
EMINENTLY PRACTICAL AND USEFUL." —Lancet

“ Brobably the MOST COMPLETE AND BEST TREATISE on the subject which has appeared
in our language . . Will prove of the greatest use to all who have the problem of
Sewage Disposal to face."— Edinburgh Medical Journal.

——

Beautifully Ilustrafed, with Numerous Plates, Diagrams, and
Figures in the Text. £21a. nel.

TRADES” WASTE::

ITS TREATMENT AND UTILISATION.
A Handbook for Borough Engineers, Surveycrs, Architects, ard Analysts.

B‘E 1‘!V. NA YIJORI F-CiSl1 A-rI‘T-IRET-U-E-,
Chiefl Ingpeetor of Rivers, Ribble Joint Coinmittee.

ConrTenTe.—I. Introduction.—II. Chemical Engineering.—11T.—Wool De-gressing
and Crense Recovery.—1V. Textile Industries: Calivo Bleaching and Dyeing.— V. 1 yeing
and Calico-Printing.—VI. Tanning and Fellmongery.—VII. Brewery and Distillery
Waste,.—VIII. Paper Mill Refuge.—IX. General Tiadus’ Waste. —IFDEX.

HThers ia ].'H'-.lb-.‘.'l.-ili,? no mrggu in Eﬂg]gnd tﬂ-dl‘l,\' et e ﬂllﬂld to deal muﬂﬂﬂ.”:‘i‘ ﬂ'ﬂ.h

puch & auhjsr, ' — Brilfeh Savifarian, "
“ Ihe work is thoronghly practical. and will rerve us a handbook in the fotare for twose

who have Lo encounter the problems discopsed,” —Chemiral Trade SJournal.

B p— - - 3

Just QuT. SeEconb Epiriox, Thoroughly Revised and Re-Written. 155, net

CALCAREOUS CEMENTS:

THEIR NATURE, PREPARATION, AND USES.

With some Observations upon Cement Testing.

Bv GILBERT R. REDGRAVE, Assoc. Inst. C.E,
Axp CHARLES SPACKMAN, E.C.S.

“ IwvALUABLE to the Student, Architect, and Engineer."— Busd/ding Neirs.
" Wiil be useful to ALL interestad in the MANUFACTURE, Usk, and TesTivg of Cements. "—

Enginesr,
ONDON : CHARLES GRIFFIN & C0., LIMITED, EXETER STREET, STRAND.

T
)
_'.ll‘l\.l“'_l:

¥







5@ CHARLES GRIFRIN & 00,8 PUBLICATIONS,

By PROFESSORS J. Hi POYNTING & J. J. THOMSON.
In Five Volumes. Large 8vo. Sold Separately, A

A TEXT-BOOK OF PHYSICS.

J: H. POYNTING, J. J. THOMSON;

ok Edili, PGB, AND Miky FBG,

Fallow of | rinite ('ullege, Cambridges Fellow of Trinity, Coll 1 + Pred.

Profussor of Physeivs, Hirmiogham of H.qminuuﬁﬂmm the University
Unlversity: of Cambridge.

Isrropverory Vorvarr, fully Tostrated.: Stcosp Epsrrox, Revised.
Prive: 10s, G,

PROPERTIES OF MATTER.

Cowipns — Ghaximtion. — The Aceeleration of Braviry, — Elartieity. — Nirrsees and
Straine.—lorsen. — Bonding: o e, — =pual Epeirge - Colielon— O mpreesilaling. of!
Liguids.— Prersures and. Vo um s of Gases.- Therral ) ficis Acvon oy ive Swrain—
Capilarity —Sur aec | eusion— Luplscels 7). Oy OF Unpil sy .—i iflnsiow of ' L.guuds —
Diftusion of Qaces  Yieued s of Toninids —Ixgx

"= indants of physics canuot i toodevive lonef t feam the bnle " — Knenledge:
W reganid this Lk ns aguite-fndisper sable wot mere ¥ Lo teachens Lut. Lo ysic lats of ever
grade above the owest,”— University Correspondent.

Vorvme II. Tuwirp Ewmmios.  Fully Tllustrated. Price Ss. 6d.
SOUN D.

Coxrenrs,— The Natwe of “onnd and s chiel Charae eri-tics,— The Yeloel vy of Sound
in Al aod wihey Meatin, - Be ) ¢ for wed Jel gt o of Sonmibh— Froguey ov and Piich of
Noter, Resununce s Froreed Oacillntions. —Austyveis of Vilnations,~The. T ransverss
Vibrationsof ~to cebvd Stringe or Wires - Fipes awd other Afr Cavitics, —Rixds.—Plates,

—Menbrar e~ Vb oation= poai ened by e wb—teusitive Flupes and Jets.—Musica}
Band.—The Supsrpomition of Waves, Ixn x

“*Thawork . . . muv b oeconmuen ied to anvone deairons of possessing an EASY,
OP=-Ti=DaTE STARTARD TREATISE-On A oustle- "= Lireraiure, :
Wery clearls wrming . The nemes of the puthors areé o guaranies of the

BOIENTIFIO aCCERACY aud U/-To DATE 0rARACT K o the work "— Edvcationg! Titues.

Just Ocr.  Voweme 116, Fully Hlustrated. Price 15s.

H E A'T.

CoRTEXTS, — Temperaiure, — Expansion of Solids — Linguids: — Gases, — Cirenlation
and Conveetion.—Quantity of HHeat: Speefie. et .— Congbreetivity.— Foyms « f Energy :
Coneervatiom ; Mechanical Fonivadom of Heat.—The Kinetie T ory —C harge of State:
Lignid Yapour,— Critical Points — Bolids amd Liguids, — Atmosy e rie Conditions, —
Radiation —Theoy of Exclanges.— Badintion and 1 mperature.—-1Thenmod ynamice.—
Isothermal and Adiabatic Changes.—1hemn dyuamics of Clanges of Stute, and Solu
tions. —Thermodywunics of Radition.—1xLEX

Rernnuihlg Vulvmes in Preparation—

LIGHT; MAGNETISM AND ELECTRICITY.

THE MEAN DENSITY OF THE EARTH: An Dscay to which the

< Ailams: Prize was adjudged ine 198w the University of Combwidge. Iy 2 IL |
FovsTixe, Sedk, F.R.S, Late Fellow of Tripity Colloge, Cimiridge: Professer of |
Physics, Birminghan University.  In Large svo, with Bibliograply, llustrations in |
the Text, oud Seven Lithogr plied Plates. 12, ¢d. |

*Ap semmnb af this sigeel ennnot Il W be of GREAT AL GRNERAL INTEREST to the sriantific
mind. Eapecially is this the cuwse when the aceonnt s given by one who has contribnted so
{ consiilorabily as has Prol, “u_\rnmuf. booonr present state of knowledge with r-nrm. L
| dii~ursnbjeser. . . . Wewmarksbiy has Newtov s estimate been verified by Prol. Poynting."—
A thenann,

LONCON : CHARLES GRIFF.N & CO., LIMITED. EXETER STREET, STRAND.
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52 CHARLES GRIFFIN & 00, 'S PUBLICATIONS.

Griffin's Geslugmal Pruspectmg, Mining, and
Metallurgical Publications. |

Geology, Stt‘ﬂ.tig‘l‘aphlﬁa.l R. Ernerivcg, F.R.8,, . ’ ug;
»» Physical, \ Pror. H. G. SeeLEY, . TE
» Practical Aids, . Pror. GreExviLLE QoLE, . | 53
»» Open Air Studies, . i D
Griffin’s **New Land” Semes, Ed. hy Pror. G{)LE, . 54
Prospecting for Minerals, S. Hereerr Cox, A.R.S.M., 55
Food Supply,. . . Rosr. Bruce, . 55
New Lands, . . H, R. Mi.L, D.8c., FHSE 4
Building Gﬂnstruﬂtmn Pror. JaMEs L‘i‘ﬂ‘l, : o B4
Ore and Stone Mining, . Sir C. Le Negve Foster, . 56 |
Elements of Mining, . s i R
Coal Mining, . : H. W. Hucnes, F.G.S,, . b6
Practical Coal Minmg. G. L. Kexr, M.Inst.M.E, . 58
Elementary . 2 s 58
Electrical Coal Mining, D. LLms p 58
Mine-Surveying, . Bennerr H. Bnuuun, AR. SM_ 57
Blasting and EKPIDSI‘U’ES 0. Gurtmany, A.M.I.C.E,, 57
Mine Accounts, . Pror. J. G. Lawm, i R - )]
Mining Engineers’ Pkt.- Bk E. R. Fierv, M.Inst. M.M,, . &7
Petroleum, . : REDwWooD AND HDLIDWA‘E’, T
A Handbnul{ on Fatl‘*uleum J. H. Tuomso~ axp Dr. REpwoop, 61
The Petroleum Lamp, . e A 61
Metallurgical Analysis, . MacLteov AND WALKER, . 60
Microscopic Analysis, .  F.Osuoyp &J. E. Sreap, F.R.S., 60
Metallurgy (General), . PuiLLips aND Bavermax, . 60
- (Elementary), Pror. HumBoLDT SEXTON, 66
Getting Gold, . : J. C. F. Jounsoxn, F.G.S.,, . b8
Gold Seeking in South Africa, Tiko Kassyer,. . . 59
Cyanide Process, . .  JaMEs Park, mams, 41 I T O g
Cyaniding, . . . JULIAN AND S N g
: Electric Smelting, . . Borcnrrs aAND M°MILLAN, . 67
; Electro-Metallurgy, . W. G. M°Mitran, FIC, . €7
i Assaying, : - J. J. & C. BERINCER, . - £6
5 Metallurgical Anal}rs:ls I J. Moroan; F.C.S, . €43
| Griffin’s Metallurgical Series Ed. by Sk W. I{nBERTE-& LTS’I‘E‘F £
Intrnduntlﬂ.n‘ y J : Sir W. RoprrTs-AvusTeNn, K.C. B €
_ Gold, Metallurgy of, . Dr. Kirke Rosg, A.R.S M, €
] Lead and Silver, ,, : H. F. Cornrins, A.R.S. M., €
| Iron, Metallurgy of, . Taos. Turyer, A RSM, . '6
Steel, : F. W. Harporp, . e |
Metallurgiea! Machinery, H.C. Jeskins, A RS M., ~— B4
Iron-Founding, . ; Pror. TurxER, : o+ 068
Goldsmith and Jeweller's Art, Tios. B. WiaLky, S |
Precious Stones, . : Dr. MAx BAUER, ; giz B8 !

e —

LONDON : CHARLES GH1FF:H CO., LIMITEN, EXETER STREET, STRAND.















